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INTRODUCTION

This is a ‘free building’ activity in which no
prior knowledge of bridge construction is

assumed. Students are provided with a limited
set of resources and are given a limited ‘design
and create’ task to carry out. Their performance
in this activity establishes a baseline measure of
their knowledge and understanding of structural
engineering concepts and it is against this that
individual progress can be monitored as they
work through this part of the curriculum.

OBJECTIVES
• To establish the baseline knowledge and
understanding of construction technology of
the students through a limited investigation.

• By discussion, to help students identify some
of the key problems that must be solved by
structural engineers when designing and
building structures.

• To introduce and use in context the technical
and scientific vocabulary associated with
physical engineering.

The activity can also be used as an introduction
to the design process. A limited task to be
completed within a set time, with limited
resources, is a reflection of real life engineering
design. The students will learn not only through
trial and error, but also through reflection and
discussion about how well their design worked.
They will also discover that designing and
making structures involves considering many
factors in order to successfully confront the
challenges of the project.

Teams of 2-3 students are presented with 3
challenges:
• Design and build the longest bridge, without
a load, that will not fail.

• Design and build the longest bridge capable
of carrying a small load.

• Design and build the longest bridge that
can support a small load without sagging
or bending.

MATERIALS
Each group of students will need
• 15 K’NEX Rods (any length)

• 15 K’NEX Connectors (any type)

• K’NEX Real Bridge Building instructions
booklet (Page 2)

• 50g and 100g weights/slotted masses

• Rulers

VOCABULARY
beam, load, dead load, live load, span,
bending, sagging, rigid, fail, failure, strength,
design specifications, structure

CHALLENGE I
• Using only the specified materials, students
design and make the longest bridge. It
does not have to support a load, but it must
not fail.

• The bridge does not have to be a free-
standing structure, but can simply span the
gap between two desks or two chairs.
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• Students can use a maximum of 15 K’NEX
Rods (of any length) and 15 Connectors
(of any type) in their bridge construction.

• Maximum thinking and building time allowed:
20 minutes.

CHALLENGES II AND III
• Allow a maximum of 15 minutes for each
challenge.
II. Using only the specified materials,

students design and make the longest
bridge that can span a gap and support
a 100g load at its mid-point?

III. Using only the specified materials,
students design and make the longest
bridge that can support a 50g load
without sagging or bending?

Question:
Of the three bridges each group has made,
which is the strongest?

PROCESS
WHOLE CLASS
• Allow a few minutes for students to select
their construction materials from the K’NEX
Real Bridge Building set.

• Before starting their ‘design and create’
challenge, students may be introduced to the
K’NEX building tips shown on Page 2 of the
Real Bridge Building instructions booklets.

WORKING IN GROUPS 2-3
• Students should be encouraged to spend a
few minutes discussing how they might
tackle the challenge before starting to build.

• They should be asked to record their ideas
and observations. They may want to address
some of the following areas:

• What ideas were rejected/accepted and
the reasons for their decisions?

• How their bridge performed against their
expectations/the design specification.

• What changes they made to the bridge
structure during construction to make it
meet the design specification.

Given that the students only have a small
number of components to work with, the
most likely bridge constructed will be a simple
beam bridge.

In attempting to make a long bridge they
should find that the beam will soon start to sag
under its own weight (dead load) and a bridge
more than 7 or 8 of the longer K’NEX rods in
length may be so weak as to break under its
own weight.
Students should also discover:
• In order to carry a load (live load) a bridge
must be structurally strong enough to
support both the dead load and the live load.

• Long span beam bridges have a lower load
bearing ability when compared to short
span beam bridges made from the same
pieces and to the same design.

K’NEX structures, along with many other
structures, are likely to fail where structural
components are joined together. It is at the
joints or connections that stress forces focus.
Any weakness here will result in structural
failure. Careful observation of the connections
in their K’NEX model will show how they may
be forced apart by bending forces.

ASSESSMENT
• After the construction and testing, students
should provide a short report of
approximately 100 words on the strengths
and weaknesses of each of their 3 bridges.

Skill Builder 1
Teacher’s Notes

S
E
C
T
IO
N
I

Real Bridge Building



Skill Builder 1
Teacher’s Notes

39

WHOLE CLASS
• Discuss the merits and issues raised by the
success and failure of each group’s design.

• What did the students learn about bridge
structure and function? How and where did
their structures fail?

• Why is it important for the beam to remain
rigid when subjected to a load?

• What changes might they make to strengthen
their design so that the beam will remain rigid
over a longer distance, even when a load
passes over it?

• How do structural engineers solve the
problem of maintaining a stiff bridge span
structure over long distances? Refer the
students to the photographs in the K’NEX
Real Bridge Building instruction booklets or
visit www.brantacan.co.uk.

• Discuss how most people take it for granted
that a bridge will not sag when they drive or
walk across it. Would the students feel safe
using a bridge that sagged? Automobiles
and trucks would also find it difficult to use
such a bridge. Additionally, it is not only
the live and dead loads that must be taken
into consideration but also environmental
loads such as wind, snow, ice and currents
of water.

• You may also wish to introduce the
importance of the choice of materials in bridge
design. Explain how the ability of engineers
to design and construct longer and longer
bridges only advanced with the discovery
and use of new technologies and materials.
Wood and stone were superseded by cast
iron, wrought iron and then steel. Today many
bridges are constructed using reinforced
concrete and/or a combination of different
materials. Understanding the physical
properties of materials and how they behave
when subjected to different types of forces
is essential knowledge for any successful
structural engineer.

Reference Material for Upper Grade Levels
• Reader # 4: Stress, Strain, Stiffness and
Young’s Modulus.

EXTENSION ACTIVITIES
To extend the activity you may find it useful
for students to investigate some famous bridge
disasters such as the Tacoma Narrows Bridge
in 1940; the Quebec Bridge 1907, 1916 and
the Tay Railway Bridge 1897. Film footage and
photographs of the Tacoma Narrows Bridge
failure is available on a number of web sites.

http://www.lib.washington.edu/specialcoll/tnb/:
Contains photographs of the Tacoma Narrows
Bridge under construction and after the
collapse.

http://www.ketchum.org/bridgecollapse.html:
Provides references to a number of bridge
collapses, video footage of the Tacoma
Narrows Bridge and graphics of the Tay
Railway Bridge disaster.

1-888-ABC-KNEX www.knexeducation.com



CONSIDER THIS

A bridge is a structure used to cross
some form of barrier, making it easier to

get from one place to another without having
to make long detours.
• What are the key features you think a
bridge should have? Make a short list in
your workbook or journal.

• What should a bridge not do when you
travel across it? Keep these features in
mind when you make your own bridges.

In this activity your team is challenged to
make 3 simple beam bridges from K’NEX
materials and then investigate how they
behave when forces are applied to them.
Think of a beam as a heavy board supported
at either end and used to span a gap.

MATERIALS
• 15 K’NEX Rods of any length from the
Real Bridge Building set

• 15 K’NEX Connectors of any color from
the Real Bridge Building set

• 50g and 100g weights or slotted masses

• Ruler

Safety Note: Please wear safety glasses
as you undertake these investigations.

CHALLENGE I
I. What is the longest bridge you can
make with the materials provided, that
does not break (fail)?

• This bridge does not have to support
a load.

• The bridge does not have to be a
freestanding structure but can simply
span the gap between two desks or
two chairs.

• Your team may use a maximum of 15
Rods and 15 Connectors for the bridge.

• You have 20 minutes for thinking,
building and recording.

• Measurements required:
1. The maximum gap your

bridge spans.

2. The maximum gap your bridge
spans without sagging or bending.

WHAT TO DO?
1. Once your team has selected the Rods
and Connectors, spend a few minutes
discussing how you are going to tackle
the task before starting to build. Some
planning before taking action usually
helps. You should keep a record of what
ideas were rejected, or accepted,
and why.

2. If you are unfamiliar with how K’NEX
components fit together, ask your
teacher if you may have a look at
Page 2 of the Real Bridge Building
Instructions Booklets.

3. Once you have completed your bridge,
take the required measurements.

Building a Bridge Can’t Be All ThatBuilding a Bridge Can’t Be All That
Difficult, Can It?Difficult, Can It?

Skill Builder 1
Student Inquiry Sheet
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YOUR OBSERVATIONS
Use drawings and written notes to record
your ideas and observations in your
notebooks or journals. You may want to
include responses to the following questions:

• How does your bridge perform against
the expectations you listed at the
beginning of this activity?

• Where does the bridge bend the most?

• Why would you not use your long
bridge design to cross a barrier?

• How might you strengthen (reinforce)
your bridge so it can carry a 100g load
at its mid-point?

CHALLENGES II AND III
II. What is the longest bridge you can
build that can span a gap and carry a
100g load at its mid-point?
Your team may use a maximum of 15
Rods and 15 Connectors for the bridge.

III.What is the longest bridge you can
make that will support a 50g load
without sagging or bending?
Your team may use a maximum of 15
Rods and 15 Connectors for the bridge.

• Maximum time allowed: 15 minutes
for each challenge.

• Measurement required for Challenge II:
The maximum gap your bridge spans.

• Measurement required for Challenge III:
The maximum gap your bridge spans
without sagging or bending.

YOUR OBSERVATIONS
Use drawings and written notes to record
your ideas and observations in your

notebooks or journals.
Think about what you have learned about
beam bridges:

• Do long beams behave the same way as
short beams?

• How and where did your structures fail?

• Why is it important for your beam bridge
to remain rigid when carrying a load?

• What changes might you might make to
strengthen your design so that the beam
will remain rigid over a longer distance,
even when a load passes over it?

• How do structural engineers solve the
problem of keeping the bridge span
structure rigid over long distances?

REPORTING BACK
Using written text and drawings, produce a
short report of no more than 100 words on
the strengths and weaknesses of each of
the bridges you made, using the correct
technical vocabulary when describing your
observations.
• What ideas were rejected or accepted
and why?

• How did your bridge perform against
your expectations/the design
specification?

• What changes did you make to the
bridge structure during construction
so that it could meet the new design
specifications?

VOCABULARY
beam, load, dead load, live load, span,
bending, sagging, rigid, fail, failure, strength,
design specifications, structure
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NSES Content Standards Alignments

National Science Education Standards (Grades 5 - 8)
Students will develop an understanding of:

UNifyiNG CoNCEptS aNd proCESSES

•  Systems, order, and organization

•  Evidence, models, and explanation

•  Measurement

•  Form and function

SCiENCE aS iNqUiry

•  Abilities necessary to do scientific inquiry

•  Understanding about scientific inquiry

pHySiCaL SCiENCE

•  Motions and Forces

•  Transfer of Energy

SCiENCE aNd tECHNoLoGy

•  Abilities of technological design

•  Understanding about science and technology

SCiENCE iN pErSoNaL aNd SoCiaL pErSpECtiVES 

• Science and technology in society

Reprinted with permission from 1996 National Science Education Standards by the National Academy of Sciences,  
Courtesy of the National Academies Press, Washington, D.C.
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Standards for Technological Literacy:  
Content for the Study of Technology

Standards for Technological Literacy: Content for the Study of Technology (Grades 3-5)
Students will develop an understanding of:

The NaTure of TechNoloGy

Core Concepts of Technology

•	 Systems

•	 Resources

•	 Requirements

The Role of Society in the Development and Use of Technology

•	 Changing	needs	and	wants

DesiGN

The Attributes of design

•	 Requirements	of	design

Engineering Design

•	 Creativity	and	considering	all	ideas

•	 Models

The Role of Troubleshooting, Research and Development, Invention and Innovation, and  
Experimentation in Problem Solving.

•	 Troubleshooting

•	 Invention	and	innovation

abiliTies for a TechNoloGical WorlD

Apply Design Process

•	 Collecting	information

•	 Test	and	evaluate	solutions

•	 Improve	a	design

The DesiGNeD WorlD

Transportation Technologies

•	 Transportation	system	use

•	 Transportation	systems	and	subsystems

Construction Technologies

•	 Structures

•	 Systems	used
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Standards for Technological Literacy: Content for the Study of Technology (Grades 6-8)
Students will develop an understanding of:

The NaTure of TechNoloGy

The Core Concepts of Technology

•	 Systems

•	 Resources

•	 Requirements

•	 Trade-offs

The Role of Society in the Development and use of Technology

•	 Development	driven	by	demands,	values,	and	interests

DesiGN 

The Attributes of Design

•	 Design	leads	to	useful	products	and	systems

Engineering Design

•	 Modeling,	testing,	evaluating,	and	modifying

The Role of Troubleshooting, Research and Development, Invention and Innovation, and  
Experimentation in Problem Solving.

•	 Troubleshooting

•	 Invention	and	innovation

The DesiGNeD WorlD

Transportation Technologies

•	 Design	and	operation	of	transportation	systems

Construction Technologies

•	 Construction	designs

•	 Foundations

•	 Purpose	of	structures

Used with permission of the ITEEA (www.iteea.org)
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NCTM Standards Alignments

National Council of Teachers of Mathematics Education 
Standards and Expectations for Grades 6 - 8

NUMBER AND OPERATIONS

Instructional programs from pre-kindergarten through grade 12 should enable all students to:

•  Compute fluently and make reasonable estimates.

Grades 3 - 5 Expectations: In grades 3 - 5 all students should:

Understand numbers, ways of representing numbers, relationships among numbers, and  
number systems.

•  Understand the place-value structure of the base-ten number system and be able to represent 
and compare whole numbers and decimals.

Grades 3 - 5 Expectations: In grades 3 - 5 all students should:

Understand meanings of operations and how they relate to one another.

• Understand various meanings of multiplication and division.

Grades 3 - 5 Expectations: In grades 3 - 5 all students should:

Compute fluently and make reasonable estimates.

• Develop fluency in adding, subtracting, multiplying, and dividing whole numbers.

•  Select appropriate methods and tools for computing with whole numbers from among mental 
computation, estimation, calculators, and paper and pencil according to the context and nature  
of the computation and use the selected method or tools.

ALGEBRA

Instructional programs from pre-kindergarten through grade 12 should enable all students to:

• Understand patterns, relations, and functions.

• Use mathematical models to represent and understand quantitative relationships.

Grades 3 - 5 Expectations: In grades 3 - 5 all students should:

Represent and analyze mathematical situations and structures using algebraic symbols.

• Represent the idea of a variable as an unknown quantity using a letter or a symbol.

• Express mathematical relationships using equations.

Grades 3 - 5 Expectations: In grades 3 - 5 all students should:

Use mathematical models to represent and understand quantitative relationships.

•  Model problem situations with objects and use representations such as graphs, tables, and  
equations to draw conclusions.

Grades 3 - 5 Expectations: In grades 3 - 5 all students should:

Analyze change in various contexts. 

• Investigate how a change in one variable relates to a change in a second variable.

• Identify and describe situations with constant or varying rates of change and compare them.

1
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MEASUREMENT STANDARD

Instructional programs from pre-kindergarten through grade 12 should enable all students to:

• Understand measurable attributes of objects and the units, systems, and processes of measurement.

• Apply appropriate techniques, tools, and formulas to determine measurements.

Grades 3 - 5 Expectations: In grades 3 - 5 all students should:

Understand measurable attributes of objects and the units, systems, and processes of measurement 

•  Understand such attributes as length, and select the appropriate type of unit for measuring  
each attribute.

•  Understand the need for measuring with standard units and become familiar with standard  
units in the customary and metric systems.

DATA ANALYSIS AND PROBABILITY

Grades 3 - 5 Expectations: In grades 3 - 5 all students should:

Formulate questions that can be addressed with data and collect, organize, and display relevant 
data to answer them. 

• Collect data using observations, surveys, and experiments.

• Represent data using tables and graphs such as line plots, bar graphs, and line graphs.

Grades 3 - 5 Expectations: In grades 3 - 5 all students should:

Develop and evaluate inferences and predictions that are based on data. 

•  Propose and justify conclusions and predictions that are based on data and design studies to 
further investigate the conclusions or predictions.

GRADES 6 - 8

NUMBERS AND OPERATIONS

Instructional programs from pre-kindergarten through grade 12 should enable all students to:

• Compute fluently and make reasonable estimates.

Grades 6 - 8 Expectations: In grades 6 - 8 all students should:

Understand meanings of operations and how they relate to one another.

•  Understand the meaning and effects of arithmetic operations with fractions, decimals,  
and integers.

Grades 6 - 8 Expectations: In grades 6 - 8 all students should:

Compute fluently and make reasonable estimates.  

•  Select appropriate methods and tools for computing with fractions and decimals from among 
mental computation, estimation, calculators or computers, and paper and pencil, depending on 
the situation, and apply the selected methods.

ALGEBRA

Instructional programs from pre-kindergarten through grade 12 should enable all students to:

• Understand patterns, relations, and functions.

• Analyze change in various contexts.

Grades 6 - 8 Expectations: In grades 6 - 8 all students should:

Understand patterns, relations, and functions.

•  Represent, analyze, and generalize a variety of patterns with tables, graphs, words, and, when 
possible, symbolic rules.

• Relate and compare different forms of representation for a relationship.

2
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Grades 6 - 8 Expectations: In grades 6 - 8 all students should:

Represent and analyze mathematical situations and structures using algebraic symbols.

• Develop an initial conceptual understanding of different uses of variables.

•  Use symbolic algebra to represent situations and to solve problems, especially those that involve 
linear relationships.

Grades 6 - 8 Expectations: In grades 6 - 8 all students should:

Use mathematical models to represent and understand quantitative relationships

•  Model and solve contextualized problems using various representations, such as graphs, tables, 
and equations.

MEASUREMENT STANDARD

Instructional programs from pre-kindergarten through grade 12 should enable all students to:

• Understand measurable attributes of objects and the units, systems, and processes of measurement.

• Apply appropriate techniques, tools, and formulas to determine measurements.

Grades 6 - 8 Expectations: In grades 6 - 8 all students should:

Understand measurable attributes of objects and the units, systems, and processes of measurement. 

• Understand both metric and customary systems of measurement.

• Understand relationships among units and convert from one unit to another within the same system.

Grades 6 - 8 Expectations: In grades 6 - 8 all students should:

Apply appropriate techniques, tools, and formulas to determine measurements.

•  Select and apply techniques and tools to accurately find length, area, volume, and angle  
measures to appropriate levels of precision.

DATA ANALYSIS AND PROBABILITY

Grades 6 - 8 Expectations: In grades 6 - 8 all students should:

Instructional programs from pre-kindergarten through grade 12 should enable all students to:

• Select and use appropriate statistical methods to analyze data.

Grades 6 - 8 Expectations: In grades 6 - 8 all students should:

Formulate questions that can be addressed with data and collect, organize, and display relevant 
data to answer them.

•  Formulate questions, design studies, and collect data about a characteristic shared by two  
populations or different characteristics within one population.

PROCESS STANDARDS

Problem Solving 

Instructional programs from pre-kindergarten through grade 12 should enable all students to:

• Build new mathematical knowledge through problem solving.

• Solve problems that arise in mathematics and in other contexts.

• Apply and adapt a variety of appropriate strategies to solve problems.

• Monitor and reflect on the process of mathematical problem solving.

Reasoning and Proof 

Instructional programs from pre-kindergarten through grade 12 should enable all students to:

• Recognize reasoning and proof as fundamental aspects of mathematics.

• Select and use various types of reasoning and methods of proof.
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Communication 

Instructional programs from pre-kindergarten through grade 12 should enable all students to:

• Organize and consolidate their mathematical thinking through communication.

• Communicate their mathematical thinking coherently and clearly to peers, teachers, and others.

• Analyze and evaluate the mathematical thinking and strategies of others.

• Use the language of mathematics to express mathematical ideas precisely.  

Connections 

Instructional programs from pre-kindergarten through grade 12 should enable all students to:

• Recognize and use connections among mathematical ideas.

• Recognize and apply mathematics in contexts outside of mathematics.

Representation 

Instructional programs from pre-kindergarten through grade 12 should enable all students to:

• Create and use representations to organize, record, and communicate mathematical ideas.

• Select, apply, and translate among mathematical representations to solve problems.

• Use representations to model and interpret physical, social, and mathematical phenomena.

Standards are reprinted with permission from Principles and Standards for School Mathematics, copyright 2000 by the  
National Council of Teachers of Mathematics (NCTM). All rights reserved. NCTM does not endorse the content or validity of  
these alignments.
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Common Core Standards Alignments

Common Core State Standards for Mathematics in Grades 5 - 8

MatheMatiCal praCtiCeS - aSSoCiated with MatheMatiCS at all Grade levelS

1. Make sense of problems and persevere in solving them

2. Reason abstractly and quantitatively.

3. Construct viable arguments and critique the reasoning of others.

4. Model with mathematics.

5. Use appropriate tools strategically.

6. Attend to precision.

7. Look for and make use of structure.

8. Look for and express regularity in repeated reasoning.

Grade 5

Operations and Algebraic Thinking

•  Write and interpret numerical expressions.

•  Analyze patterns and relationships.

Number and Operations in Base Ten

•  Perform operations with multi-digit whole numbers and with decimals to hundredths.

Measurement and Data

• Convert like measurement units within a given measurement system.

•  Represent and interpret data.

MatheMatiCS Grade 6

In Grade 6, instructional time should focus on four critical areas:

•   Connecting ratio and rate to whole number multiplication and division and using concepts of ratio  
and rate to solve problems.

•   Writing, interpreting, and using expressions and equations

•   Developing understanding of statistical thinking.

Grade 6

The Number System

• Compute fluently with multi-digit numbers and find common factors and multiples.

Expressions and Equations

•  Apply and extend previous understandings of arithmetic to algebraic expressions.

•  Reason about and solve one-variable equations.

•  Represent and analyze quantitative relationships between dependent and independent variables.
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MatheMatiCS Grade 7

In Grade 7, instructional time should focus on four critical areas:

•  Developing understanding of and applying proportional relationships

•   Developing understanding of operations with rational numbers and working with expressions and 
linear equations.

Grade 7

Ratios and Proportional Relationships

•  Analyze proportional relationships and use them to solve real-world and mathematical problems.

Expressions and Equations

•   Use properties of operations to generate equivalent expressions.

•   Solve real-life and mathematical problems using numerical and algebraic expressions and equations.

MatheMatiCS Grade 8

In Grade 8, instructional time should focus on three critical areas:

•  Grasping the concept of a function and using functions to describe quantitative relationships.

Grade 8

Expressions and Equations

•  Analyze and solve linear equations 

Functions

•  Define, evaluate, and compare functions.

•  Use functions to model relationships between quantities.

Authors: National Governors Association Center for Best Practices, Council of Chief State School Officers; Title: Common Core 
State Standards (insert specific content area if you are using only one); Publisher: National Governors Association Center for 
Best Practices, Council of Chief State School Officers, Washington D.C.; Copyright Date: 2010
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