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GRADE 9: Physical processes 6 

Structures 

About this unit 
This unit is the sixth of seven units on physical 
processes for Grade 9. Students should have 
studied Unit 9P.5 before starting this one. 

The unit is designed to guide your planning and 
teaching of lessons on physical processes. It 
provides a link between the standards for 
science and your lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
For extension or consolidation activities, look at 
the scheme of work for Grades 11F and 11A and 
the previous unit in Grade 9. 

You can also supplement the activities with 
appropriate tasks and exercises from your 
school’s textbooks and other resources. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and real 
world applications. 
 

Previous learning 
To meet the expectations of this unit, students should already have an 
understanding of the principle of moments and its applications. They should 
have a clear understanding of the concept of the moment of the weight of an 
object about a fulcrum. They should be able to use forcemeters to measure 
the forces acting on an object, including compressive forces. 
 

Expectations 
By the end of the unit, students distinguish between compressive and 
tensile strengths of materials and relate this to how materials are used in 
structures such as bridges. 

Students who progress further identify the kinds of forces operating on 
different components of a structure and are able to suggest appropriate 
materials for such components. 

 

Resources 
The main resources needed for this unit are: 
• paper, card, glue, scissors, blocks of wood 
• spaghetti, glue guns and glue for them 
• fine mud or modelling clay to make bricks 
• sticky tape, duct tape, forcemeters, hanging masses 
• Internet access 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• bridges: cantilever, suspension, arch, truss, cable stayed 
• compressive strength, tensile strength 
• composite materials 

UNIT 9P.6 
7 hours 
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Standards for the unit 

7 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 9 standards 
 EXTENSION STANDARDS 

9.19.2 Know that the turning effect of a 
force is called its moment and 
calculate the moment of a given 
force. 

9.19.3 Know that, in a system of moments in equilibrium, the anticlockwise 
moment is equal to the clockwise moment and use this in calculating 
unknown forces. 

11F.20.8 List and explain applications of the 
principle of moments to engineering 
systems and to the muscles of the 
human body. 

3 hours 

How strong are 
different 
materials? 
 

4 hours 

Making and 
testing a 
structure 
 

7.16.5 Represent the forces acting on an 
object diagrammatically, using 
arrows that show direction and 
magnitude. 

9.19.4 Distinguish between compressive and tensile strength of materials and 
relate this to the way the materials are used in structures such as buildings 
and bridges. 

9.19.5 Know that structures such as bridges 
are systems of moments in equilibrium 
that take best advantage of the 
specific properties of the materials 
from which they are made. 

Unit 9P.6 
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Activities 

Objectives Possible teaching activities Notes School resources 

Introductory note for teachers 
This is an unusual unit in that its aim is to provide experiences that allow students to gain an 
understanding of how materials can be used to make structures through experimenting with the 
materials. They will come to an intuitive understanding of how materials can be used to make 
effective structures in much the same way as a woodworker has an intuitive understanding of 
how to use wood, or a stonemason understands stone. Therefore, the greater part of the time 
given to this unit is for free experimentation with materials in making structures. 

 Use this column to note 
your own school’s 
resources, e.g. 
textbooks, worksheets. 

 

Thinking about different bridge structures 
With the help of students, prepare an exhibition showing a large variety of different structures. 
Set students a homework task to find, on the Internet or elsewhere, pictures and simple details 
of structures that interest them. Try to ensure that between them they find a variety of different 
structures, including some ancient ones such as the pyramids and the rock dwellings of Petra. 
Try to include a range of different bridges (e.g. suspension bridges, cable stayed bridges, 
cantilever bridges, arch bridges, girder bridges, truss bridges). Also include before and after 
pictures of structures that have failed, such as the mud brick buildings at Bam and the Tacoma 
Narrows suspension bridge. 

Discuss the main features of some of the different structures with the class. In particular, ask 
them whether the forces acting on the different elements of the structure were stretching the 
material or squashing it. Lead this on to a discussion of tensile and compressive strength of 
different materials. Note particularly the high tensile strength of steel bars and wires and the 
high compressive strength of stone and concrete (and mud bricks). 

Ask the class to identify bridge structures in which the structure relies on moments in equilibrium. 
Show how this is important not only in a cantilever bridge but also in a suspension bridge and a 
cable stayed bridge, where the forces tending to pull the vertical pillars sideways are exactly 
balanced so that the only resultant force on the pillars is compressing them vertically downwards.

Discuss also how the shape of the structure was designed to make use of these high strengths 
(e.g. the tension in the wires of a suspension bridge is transformed into a compression on the 
concrete towers; an arch bridge transforms the downward weight of the arch into the 
compression of the stonework of the pillars). 

 
ICT opportunity: Use of the Internet. 
Enquiry skill 9.1.3 
 
 
 
 

 
 

 
 
 
 
 

The Forth Bridge in Scotland is the classic 
example of a cantilever bridge. One of the best-
known examples of a cable stayed bridge is 
Milau viaduct in southern France. 

 

3 hours 

How strong are different 
materials? 
Know that, in a system of 
moments in equilibrium, the 
anticlockwise moment is 
equal to the clockwise 
moment and use this in 
calculating unknown forces. 

 
 

Testing materials – a cardboard bridge 
Organise students into groups to investigate how to make an effective cardboard bridge that 
spans a gap of about 15 cm between two wooden blocks. They must develop a careful standard 
system for testing their bridge; usually this will be to place or stick in the middle of it a small 
container into which they can put weights. The horizontal element of the bridge must be free-
standing at either end of the span. 

Ask the groups to place a single strip of card, about 3 cm wide, so that it bridges a gap and to 
find out how strong it is and how it fails. Encourage them to take accurate measurements of 
how far the card bends below the horizontal as a load is added. 

 
Use strips of stiff card (the kind that forms the 
back of an exercise pad) about 2–3 cm wide and 
30 cm long. 

Enquiry skill 9.1.4 

 

Unit 9P.6 
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Objectives Possible teaching activities Notes School resources 

Then ask them to glue a second strip of card under the first to make a girder with a T-shaped 
cross-section. They should develop a way of supporting this at each end and then test this 
structure in the same way. They could extend this idea to make a girder with a cross-section like 
a letter H on its side (known as an I-beam), or even to a hollow girder with a square cross-
section (known as a box girder) 

Ask the class why the last three are much stronger than the first. Discuss the forces acting on 
the vertical piece of card; the bottom of this piece is being stretched as the load tries to bend the 
beam and card has a high tensile strength (challenge a group see how big the tensile strength 
of card is by trying to break a strip by pulling its ends) 

Draw attention to display photographs of girder bridges that use this principle – they are a 
common, cheap form of bridge. 

Then ask students to make an arch bridge by bending a strip of card into an inverted U-shape 
and placing it between the two wooden blocks (which must be firmly fixed in place). Get them to 
test this structure in the same way as the others. Discuss the results. Ask what forces were in 
play. In the arch, the cardboard was being compressed, not bent, and the weight of the load 
was transformed into forces that were pushing the two blocks apart. 

Summarise the three kinds of force that have been acting on the card – tension, compression 
and bending forces. 

  

Testing materials – a mud brick 
Mud bricks have been used in construction for thousands of years, particularly in North Africa 
and the Middle East. Point out some of the mud constructions in the display. 

Ask students, in groups, to make some small standard-sized mud bricks using appropriate mud 
or modelling clay. Challenge them to investigate accurately their bending strength and their 
compressive strengths. They should devote some time to planning this in detail, and it is 
desirable that they should not start on the work until you have approved their plans. They must 
consider matters such as: 
• brick size; 
• how they are going to make a ‘standard’ brick; 
• how they are going to dry the bricks in a standard manner; 
• how they are going to test its bending strength (a bridge similar to the cardboard bridge is a 

simple way); 
• how they are going to test its compressive strength. 

This work will show that mud bricks have a high compressive strength but a very low bending 
(and tensile) strength. Refer to the Bam (Iran) earthquake disaster in which buildings that had 
stood for thousands of years collapsed when the earthquake moved them so that the bricks 
were subjected to bending forces. 

Briefly mention the use of modern composite building materials that consist of concrete with iron 
rods inside. Ask the class what is the purpose of the iron rods. Ask the class what might have 
happened to Bam had it been built of such composites. 

 

 
 

Suitable fine mud for bricks may be found in 
certain places in the desert where water collects. 
Modelling clay is also suitable. 
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Objectives Possible teaching activities Notes School resources 

 

Testing materials – spaghetti 
Challenge the groups to devise tests that will compare the tensile, compressive and bending 
strength of spaghetti. This exercise tests students’ ingenuity; do not give substantial help unless 
absolutely necessary. 

Have available simple equipment such as sticky tape, duct tape, hanging masses, forcemeters 
and G-clamps. 

The main outcome of this exercise is that students should have a feel for how spaghetti should 
be used in a model structure. It has a high tensile but a rather low compressive strength and a 
very low bending strength. 

The purpose of this exercise is to prepare the groups for the next topic in this unit. 
 

  

4 hours 

Making and testing a 
structure 
Distinguish between 
compressive and tensile 
strength of materials and 
relate this to the way the 
materials are used in 
structures such as buildings 
and bridges. 

 

Construct a spaghetti bridge 
This is a competitive challenge to the groups. They must build a bridge made only of spaghetti 
and heat glue (using a glue gun) to span a given distance. The bridge will incorporate at its 
centre a platform made of plywood or similar material under which a U-bolt is fixed to allow 
masses of several hundred grams to be suspended. The bridge will be made to a given set of 
rules within a given time and tested to destruction. The winning bridge is the one that can support 
the largest mass hanging from the platform. In the event of a tie, the lightest bridge wins. 

This activity is widely known and much information and ideas for specification and regulations 
can be found on the Internet (search for spaghetti bridge). The rules given to the participants 
should reflect their previous experience in such competitions and their understanding of 
structures. This class will be novices and so the rules should be simple. An example of a set of 
simple rules is as follows: 
1 The bridge is to be built from spaghetti and glue, epoxy or resin (glue gun allowed).  
2 The bridge must span an opening of 300 mm.  
3 The bridge must be between 320 mm and 400 mm long, no higher than 150 mm and between 

60 mm and 100 mm in width. 
4 The bridge must not weigh more than 350 g when complete. The bridge will be weighed 

before testing.  
4 The bridges will be loaded at the centre of their span (length) until they fail.  
5 The bridge that holds the most load wins. If there is a tie, the lighter bridge wins. 
6 No horizontal support will be provided at the support points. The bridge cannot bear on the 

sides of the support points (i.e. the bridge must simply be placed over the gap and must not 
touch the sides of the gap). 

You may also wish to make some kind of specification for the width and surface of the ‘roadway’ 
over the bridge. 

Encourage students to look at some of the many spaghetti bridge websites for hints on 
construction. The important ideas that they should have learnt from the initial testing are that: 
• the main construction element should be lengths of spaghetti under tension; 
• no spaghetti elements should be able to bend; 
• spaghetti elements that are under compression should be kept quite short.  

 

Enquiry skill 9.1.4 
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Objectives Possible teaching activities Notes School resources 

 

Another useful hint is to allow some flexibility in the glued joints to minimise the bending of the 
spaghetti when the bridge is under load. 

Students may wish to look at the types of bridge illustrated in the exhibition set up at the 
beginning of the topic. Of particular interest may be any examples of a truss bridge, which is 
designed so that all elements or the bridge are under either tension or compression and are not 
under any bending force. 

Have plenty of spaghetti in stock; let students experiment with structures before they start 
serious building.  

At some stage, you will have to impose a time limit for completion. You may wish to allow plenty 
of time for building experimental structures and developing plans, and then start a new session 
with a time limit for the groups to build, from scratch, their pre-planned bridge. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

The pictures show three different kinds of bridge: an arch bridge, a truss bridge and a 
suspension bridge.  

 

 Arch bridge Suspension bridge 
 

a. In each case explain what part of the bridge is under compression and explain what material 
it is made from and why. 

b. What parts of the suspension bridge are under tension. What material is this part made of 
and why? 

c. On the diagram of the truss bridge, if there was a load in the middle of the bridge, label an 
element of the truss that would be under tension and an element that would be under 
compression. 

 
 

 

Truss bridge 

 

 

If you take an A4 sheet of paper and hold one end of it, the other end will hang downwards. If 
you fold it twice lengthways so that it has a cross-section like a squared inverted U, it will project 
horizontally when you hold it. Explain this in terms of the strength of the paper and the forces 
acting on it. 

  

Explain why the mud structures of the city of Bam in Iran have survived for thousands of years 
but collapsed rapidly during an earthquake, whereas multi-storey office blocks in many cities 
often survive earthquakes undamaged. 

 
 

Assessment 
Set up activities that allow 
students to demonstrate what 
they have learned in this unit. 
The activities can be provided 
informally or formally during 
and at the end of the unit, or 
for homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in 
the activities. 

Design and successfully test a structure for allowing an egg to drop under free-fall from a first-
floor window and land without breaking. 
 

  

 

 

Unit 9P.6 
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