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Bridges 
 

Time 

Design/Building Session: 90 minutes 
Loading (Load Testing)/Prizes Session: 90 minutes 

Challenge  

Design and construct a structure, using only craft sticks and glue, that will successfully support a static load. 

Materials  

Each student will receive the following materials: • 60 craft sticks • glue 
Other materials (tape, rubber bands, clamps, etc.) may be used during the construction phase, but these must 
be completely removed before the bridge is tested. 

Tools  

Students will share the following tools: • utility knife • rulers • pencils • scissors 

Other 

• tape measure • sturdy tables • testing apparatus • sand, water, or other weights 
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Design/Building Session 
 
Preparation (5 minutes) 
Gather all tools and materials. Review activity 
materials, including the Bridges Science sheet and 
Construction Guide. Ensure that students will have 
adequate space to work on their bridges. 
 
Introduction (15 minutes) 
• Challenge. Describe the bridge challenge to the 

students. Explain that they may construct their 
bridges individually or in teams. All bridges 
must be completed within the allotted time 
frame.  

• Objectives. Encourage students to brainstorm 
about what they think might make a bridge 
carry a heavy load. Some helpful questions are: 
How are real bridges designed? What materials 
and shapes give bridges their strength?  

• Science. Give students an overview of the 
science of bridge building. You may use the 
Bridge Science sheet as a guide. 

• Construction Preview: Hand out the 
Construction Guide and review each of the 
steps with the group. For each step, point out 
the materials and tools that will be used.  

• Safety. Remind students to use caution when 
working with any tools.  

 
Construction (60 minutes) 
Have teams line up to collect their bridge building 
supplies. Remind them that they have only until the 
end of the session to build their bridge. During the 
construction time, circulate among the teams to 
answer questions and remind students about safe 
handling of tools. 
 
Clean Up (10 minutes)  
Leave at least 10 minutes at the end of the session 
for students to clean up. Before students leave, 
make sure they return all tools and unused 
materials. Remind students of the upcoming 
Loading (Load Testing)/Prizes session. 

Load Testing/Prizes Session 
 
Preparation (5 minutes) 
Select an indoor space to host the competition. You 
will need two sturdy tables with a span of 15 inches 
between them.  
 
Rules Review (10 minutes) 
Review bridges to ensure compliance with the 
following contest rules: 
• The bridge must be able to clear a span of 15 

inches from end to end. 
• The bridge may be no wider than 5½ inches 

from side to side. 
• No component of the bridge may extend below 

the level of the two supporting ends. 
• The bridge must have a passageway along its 

entire length, large enough to accommodate a 
small “truck” (represented by a 6-inch long by 
3½-inch wide by 3-inch high block of wood). 

• The bridge must be able to support the testing 
apparatus—a chain suspending a bucket, which 
will be gradually filled with sand or water until 
the bridge collapses! 

 
Loading (Load Testing) (60 minutes)  
Place each bridge on the testing span and begin to 
load with weight, ensuring safe loading procedures. 
Only the judge or a designated assistant may add 
weight to the testing apparatus. Weight should be 
added in small increments until each bridge fails. 
Failure is defined as any fracture, the inability to 
support loads, or the deflection of the structure of 
more than 2 inches (measured from the original 
elevation of the bearing surface). The maximum 
load supported by the bridge (ultimate load) prior to 
failure will be recorded. Teams that do not want 
their bridge tested to failure may stop the loading 
any time after the testing apparatus has been 
applied. 
 
Results Tabulation (5 minutes)  
The bridge that holds the most weight before failure 
will win the contest.  Additional prizes may be 
awarded for unusual/creative designs. 

Prizes (10 minutes)  
Award prizes to the winner(s). Remind students of 
any upcoming engineering contests. 
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Overview     

A bridge is a structure designed to support a load 
across a span. There are many different styles of 
bridge construction, including beam bridges, 
suspension bridges, and truss bridges (Figure 1). In 
this activity, students will build a truss bridge. This 
is a horizontal platform, reinforced by a network of 
rigid structural members. 

 

Figure 1. Bridge types. 

Questions 

1. What are the elements of a truss bridge?   

A truss bridge has two main elements: 

• Deck. This is the horizontal platform that 
directly supports the loads placed on the bridge. • Members. These are the vertical, horizontal, 
and diagonal pieces that give additional 
structural strength to the deck. 

The two ends of the truss bridge rest on the edges 
of the opening being spanned. There are no 
supporting footings or piers under the bridge. 
 

2. What forces act on a bridge’s members? 

Every structural member of a bridge is subject to 
physical strain, as a result of its own weight as well 
as any load placed on the bridge. These strains are 
complex, but can be understood at the most basic 
level as forces of tension and compression. A 
member is said to be “in compression” when it is 
being pushed together or squeezed. A member is 
said to be “in tension” when it is being pulled or 
stretched apart (Figure 2). 

 

Figure 2. Tension and compression. 

3. How are members joined together? 

The joints between members are as critical to the 
strength of the structure as the members 
themselves. In bridge modeling, three types of 
joints can be used to hold members together:  

• Lap joint. Two members are placed with their 
ends overlapping. Lap joints work well when the 
two members are in tension.  • End joint. The end of one member is butted 
against the side or end of another member. End 
joints work well when the two members are in 
compression or being pushed together.  • Gusset joint. A gusset joint is an end joint with 
an overlapping brace. Gusset joints work well in 
both tension and compression.  

 
Figure 3. Lap joint, end joint, and gusset joint. 

 

4. What determines the strength of a bridge? 

Like a chain, a bridge is only as strong as its 
weakest link. Usually, when one structural member 
of a bridge fails, or the joint between two members 
fails, the entire structure rapidly disintegrates. To 
avoid this, bridges must be designed so that no 
individual member or joint is subjected to strains of 
tension or compression that it cannot withstand. 
Engineers design bridges to support predetermined 
maximum loads, and size the members of the 
bridge accordingly. In this activity, students’ bridges 
will be subjected to incrementally greater loads until 
they collapse. 

 

5. What is the importance of triangles in truss 
bridge design? 

A classic truss bridge is a system of interconnected 
triangles. The triangle shape is fundamental to the 
strength of a truss bridge design, for an important 
reason: triangular structures will generally collapse 
only when a structural member or joint fails. They 
are not susceptible to geometric distortion.   
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Step 1: Collect Materials 
To build your bridge, you will have only 60 craft 
sticks and glue. Other materials (tape, rubber 
bands, binder clips, etc.) may be used during the 
construction phase, but these must be completely 
removed before the bridge is tested.  
 
Step 2: Design Bridge 
Figures 1 and 2 show a basic truss bridge design. 
Using this as a guide, draw a picture of what your 
bridge will look like. When designing your bridge, 
be sure to take into account the following design 
requirements: 
• The bridge must be able to clear a span of 15 

inches from end to end. 
• The bridge may be no wider than 5½  inches 

from side to side (the length of one craft stick). 
• No component of the bridge may extend below 

the level of the two supporting ends. 
• The bridge must have a passageway along its 

entire length, large enough to accommodate a 
small “truck” (represented by a 6-inch long by 
3½-inch wide by 3-inch high block of wood). 

• The bridge must be able to support the testing 
apparatus—a metal bar suspending a bucket, 
which will be gradually filled with weight until 
the bridge collapses! 

Step 3. Allocate Your Materials 

Since you have only a fixed number of craft sticks 
to work with, you must carefully allocate your 
materials.  As a rough guide, we recommend the 
following rough allocation: • 10% for the deck supports • 40% for the truss structure on side A  • 40% for the truss structure on side B • 10% for top bracing 
 

 
Figure 1. Truss bridge (side view). 

 

 
Figure 2. Truss bridge (isometric view). 

 
 
Step 4. Lay Out Your Sides 
On your work surface, carefully lay out the 
elements of your bridge, as shown in Figure 3. 

 
Figure 3. Laying out the sides. 

 
Step 5. Glue the Side Trusses 
Glue the individual members of the side trusses 
together as separate subassemblies. Remember 
that you can use binder clips or rubber bands to 
temporarily reinforce glue joints. 
 
Step 6. Connect the Side Trusses 
Once the glue has dried on the side trusses, 
connect the trusses together with your deck 
supports and top bracing. 



STUDENT WORKSHEET

Bridge Questions

1. Label two types of forces that act on the members of a bridge.

A. _____________________________
    
B. _____________________________

2. Label the three types of joints that can be used to hold the members of a bridge together.

A. ______________________________

B. ______________________________

C. ______________________________

Bridge Design
In the boxes below sketch a rough design for your bridge.

Side View

Top View

Bridge Dimensions 
Complete the bridge dimensions for your final design.

Weight:  _______ grams

Length:  _______ inches

Width:    _______ inches 

Height:   _______ inches

Bridge Performance                          
Maximum weight of load without fracture: _______ lbs
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