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Mission of the Month: “Bridge Building” February 2008 

 
Ages: 8-16 years 
 
Time: 45-60 
minutes 
 

 

Feeling Tense? About to Snap? Activity Guide 
Understanding of force, the counter forces of compression and tension, and the 
concepts of shape, strength and stability are all key considerations in bridge design. 
Newton’s Third Law of Motion (for every action there is an equal and opposite 
reaction) is an important underlying concept. In this activity, youth take part in a 
series of quick, hands-on activities that explore and demonstrate force. The goal is 
to create understanding that will enable them to apply and transfer these concepts in 
the “Build a Sweeeet Bridge! activity and West Point Bridge Design Contest. This 
activity also works well as a series of skillathons.  

 
SUPPLIES NEEDED  
(for each team; or make a series of activity stations and allow teams to circle through them) 

 Sponge  
 Rubber Band 
 Spring (a Slinky works too) 
 About 20 dry spaghetti noodles (1 lb box supplies 24 teams) 
 Thin piece of wood about a foot long (paint stirrer stick works well)  
 2 flat surfaces to use as “river banks” (2 wooden chairs, tables) tall enough to allow you to 

suspend a heavy weight below the ‘bridge’ without the weight touching the floor  
 String (4 ft) to create “sling” to hold weights  
 About 24 small pieces of tape  
 Weights totaling about 4 pounds; (several books that together total 4 lbs works well). If you use 

something other than books, you may need a styrofoam cup, bucket, or platform (e.g., piece of 
pasteboard) to hold the weight. 

 6 sheets of construction paper 
 5 popsicle sticks, paint stirrers or other small sticks, with holes drilled in the corner (If you did the 

Robotic Arms Mission last November, reuse those sticks!) 
 4 brads (that fit holes) 
 Pencil/pen, Concepts, and Team Observation Form (Concepts & form attached at end of activity) 

 
 
DO AHEAD 

 Read through the entire activity and perform the experiments. Science background information is 
provided in italics to help you facilitate the discussion and reflection.  

 Gather materials for the activities. 
 Make a copy of the Handout and Form for each team.  
 Divide the group into teams (2-3 people).  
 Let each team collect their supplies and decide how they will share the manipulation of materials 

and recording. Encourage everyone to be an active observer. 
 Explain the concept of load testing: adding weight gradually to see how much the structure can 

support. If you are using books or other unequal objects for weight, suggest starting with a light 
weight (paperback), and as you go along, replacing it with a hardback book. Have them 
informally judge ‘heaviness’. 

 TIP: Suggest the teams predict what will happen, then observe closely to determine what does 
happen, and discuss among themselves to draft a hypothesis. 

 
ACTIVITY STEPS  
Activity Part 1: Tension and Compression < about 5 minutes plus group discussion> 
[This part provides quick demonstrations of the concepts of tension and compression.] 
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Sponge:  
 Push down on the sponge from above. 
 Observe what happens; record your observations.  
 Hypothesize: What is happening to the molecules in the sponge? 

Rubber Band:  
 Pull on the rubber band with both hands, in opposite directions. 
 Observe what happens; record your observations.  
 Hypothesize: What is happening to the molecules in the rubber band? 

Spring:  
 Pull each end of the spring in opposite directions.  
 Observe what happens to the spring; record your observations.  
 Hypothesize: What is happening to the molecules in the spring? 
 Push in on each end of the spring. 
 Observe what happens to the spring; record your observations.  
 Hypothesize: What is happening to the molecules in the spring? 

 
REFLECTION QUESTIONS (whole group) 

 What did you observe? What happened?  
 What kinds of force and stressors were present?  
 What did you hypothesize was happening to the molecules? 
 What does this have to do with bridge design?  

 
As you push the sponge, its molecules come together more tightly. This is compression. As you pull or 
stretch the rubber band, tension is created that lengthens its surface. These same forces are present in 
bridges and other structures in our world, even if not so easily visible. The weight of material, and the 
force of gravity are pulling the structure down. The surface the structure is resting on is providing 
resistance and keeping it up. There may be air movements that are pushing the structure to the side, or 
over. The force you apply as you pull or push is also working on the structure. BTW, the terms 
compression and tension are also used to describe two types of commonly used springs. A compression 
spring is used to hold up or suspend the weight of a car’s body on its frame. A tension spring is used to 
pull things closed, such as a screen door. 

 
Activity Part 2: Snap and Buckle <about 7 minutes plus group discussion> 
[Continuing the demonstration of compression and tension, as well as buckling and snapping.] 
Bridge:  

 Create a simple bridge with your stick & ‘river banks’. Less than an inch of each stick should rest 
on each ‘bank’. Use the string to create a sling to hang your weights off the bridge.  

 Load test the bridge. (Add weight gradually to the bridge, using the sling to hold the weight 
below your bridge, to see what it can bear.) 

 Observe what happens to the bridge as you increase the load; record your observations.  
 Hypothesize: What is happening in the stick?  

Spaghetti:  
 Hold the spaghetti noodles with one hand at each end; slowly bend the ends toward you. 
 Observe what happens to the spaghetti as you bend it; record your observations.  
 Hypothesize: What is happening in the spaghetti? 

 
REFLECTION QUESTIONS (whole group) 

 What did you observe? What happened?  
 What did you hypothesize was happening to the stick? In the spaghetti? 
 What kinds of force and stressors were present? 
 What would happen if you keep adding weight on the stick? Bending the spaghetti? 
 What would happen if the stick was thicker?  



Feeling Tense? About to Snap?  3 

 What would happen if the stick (or the span) was shorter?  
 What would happen if you cooked the spaghetti? 
 What does this have to do with bridge design? Can we generalize to human muscles? 

 
As you added weight to the stick, it bent, with the top part of the stick shortening (compression) and the 
bottom of the stick lengthening (tension). The idea of things getting “tense” as they stretch might be a 
counterintuitive idea for the learner – if that is hard to understand, try using the word expansion. (If you 
can’t see the curve in the weighted stick, try laying a second stick beside the stick holding the weights or 
add more weight.) When the force becomes too great, which is what happens if you continue to load 
weight on the bridge, the materials buckle and snap. When the force of compression overcomes an 
object’s ability to handle it, it will buckle: it will wrinkle or warp. Snapping is what happens when the 
force of tension overcomes an object’s ability to handle it—it will suddenly break. As you bent the 
spaghetti, the noodles closest to your body buckled: they curved or warped. Those noodles furthest away 
from you stretched and snapped suddenly: they broke. If you continued to bend the spaghetti, all would 
snap as the tension in each noodle became too great. 
 
The amount of stress something can endure without breaking is crucial in bridge design. Certain 
materials are better under compression than tension: concrete, bricks, hard woods, steel, and spaghetti. 
Newspaper is stronger under tension. Some materials can handle both compression and tension well: 
steel, and pre-stressed concrete (which has steel rods running through it).  
 
Activity Part 3: Pleats & Columns <about 10 minutes plus group discussion> 
[This activity addresses the issue of support for the bridge] 
W & Accordion Pleats:  

 Take one sheet of construction paper; fold it in half, and then fold each half in half (W shape). 
 Take a second sheet of construction paper, make seven equal sized accordion-pleat folds,  
 Position both sheets on their back; load test one, then the other.  
 Observe and compare what happens to the 2 papers; record your observations.  
 Hypothesize: what would explain the results?  

Big & Little Columns 
 Take 3 sheets of construction paper:  

o fold one into fourths to create a square column, and tape to hold its shape 
o fold one into thirds to form a triangular column, and tape to hold its shape 
o form one into a round column, and tape to hold its shape.  
o Use 3-4 small pieces of tape to form each shape. 

 Stand each on end and load test (add weights) them separately.  
 Observe what happens to each column and record your observations.  
 Hypothesize: what would explain the results? 
 Take another sheet of construction paper, cut it into fourths, and make four small round equal 

sized columns; use 2 small pieces of tape on each to hold its shape.  
 Load test the 4 small columns as a group (if your weight is too small to cover all columns at once, 

use a platform – such as a piece of pasteboard, to hold the weight) 
 Observe what happens, and record your observations. 
 Compare these results with those of the large round column. 
 Hypothesize: what would explain the results?  
 For each of the 3 large column shapes, gently push the sides together. 
 Observe what happens to the three columns; record your observations.  
 Hypothesize: what would explain the results?  

Square & Truss 
 Make a square using 4 popsicle sticks or paint stirrers and 4 brads.  
 Apply force to one side of the square, and observe what happens 
 Add the fifth stick diagonally across the square, attaching it with the brads 
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 Apply force to one side of the square, and observe what happens 
 Hypothesize: what would explain the results?  

 
REFLECTION QUESTIONS (whole group) 

 What did you observe? What happened?  
 What did you hypothesize was happening? 
 Would it matter if different amounts of paper were used? Tape?  

 
When the force can be distributed over a wider base, and evenly distributed, the same amount of material 
becomes more stable and can endure more force. The W pleated paper touches the table and distributes 
the weight of the load over three points; the Accordion pleat, over 5 points. The large round column has 
no corners, the mass is spread out evenly and equally along the force area. This even loading resists 
buckling. That is why round columns are frequently used in construction. Using 4 smaller columns rather 
than one larger column allowed the load to be distributed over a greater area and increased the stability 
of the support structure. In both the case of the accordion pleat and the small columns, the force is 
“dissipated” by spreading it out over a larger area so the amount of force in any one area is less. 
 
Both the triangle and the circle are stable, strong shapes, and are resistant to pushing and pressure.. A 
rectangular or square shape is naturally unstable: Weight placed on a square is distributed on the 
vertical sides, and it tends to collapse or change its shape (lean to one side, as in a parallelogram). To 
prevent this, engineers include trusses in their design. A truss typically is a flat, straight piece that is 
connected at its corners to the corners or sides of other parts of the structure, forming a triangle. The 
truss typically works in tension to keep that square or rectangle from flattening or leaning. 
 
Note that in each of these instances, the same amount or weight of materials (one piece of construction 
paper & about 2 inches of tape) is used. How the same type and amount of materials are used in the 
design changes the ability to withstand force. You want a strong and efficient design!  
 
 
 

 
 
Some sample supplies for the 
Feeling Tense? About to Snap?  
Activity: a small sponge, rubber bands, 
spring, a paint stirrer stick with an initial 
weight positioned in the sling (note: ‘river 
banks’ not shown in photo); the books are 
present as sample weights (use what you 
have easily available); construction paper 
pleated, and folded & taped into column; 
sticks braded into a square awaiting the 
truss, and a pencil to record observations..  

 
 
 
 
Mention or display of a trademark, proprietary product or firm in text or figures does not constitute an endorsement by 
CYFERnet, the U.S. Department of Agriculture, Cooperative State Research, Education and Extension Service, or National 4-H 
Headquarters and does not imply approval to the exclusion of other suitable products or firms. 
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FEELING TENSE? ABOUT TO SNAP? 
 

 Force is a push or pull in any direction in which a change is produced. The force can be the result 
of weight, wind, air resistance, moving vehicle, and more.  

 
 Newton’s Third Law of Motion: tells us that for every action there is an equal and opposite 

reaction. So it is not possible for a single force to occur – there will be a counter force, pushing or 
pulling in the opposite direction.  

 
 These counter forces are called compression and tension. Compression is the squeezing or 

pushing of matter. When the compression force is too great, the material will buckle, warp or 
flatten. Tension is the stretching or pulling of matter. When the tension force is too great, the 
material will snap, tear apart or break. 
 

 When forces are added up – the sum of the forces is defined as Load. There are 2 types of load 
that engineers must consider:  

o Dead load: static, such as the weight of the bridge itself and stationary objects (lighting, 
signage, concrete decking) on the bridge 

o Live load: dynamic, objects in motion (the cars crossing the bridge) and natural forces 
(wind, earthquakes). Live loads are the most difficult for engineers to design for, since 
they are always changing.  

 
 There are 3 main types of bridges: beam, arch and suspension.  

o The Beam Bridge is a rigid horizontal structure supported by river banks or 
columns.  

o The Arch Bridge is a curved structure that directs the force (pressure, weight) of 
the bridge outward to the supports along the arch, its sides and base. 

o The Suspension Bridge has its deck or roadway supported by large cables hung 
from towers, and anchored at the end of the bridge. (Suspension bridges are like 
arch bridges turned upside down, held together by tension instead of 
compression.) 

 
 The major engineering difference among the three core bridge types is the distance they 

can cross in a single span (distance between bridge supports or columns). A beam bridge 
can span up to about 200 feet, an arch, 800 feet; and a suspension bridge, 7,000 feet.  

 
 The design of the arch bridge dissipates the force, or spreads it over a greater area, so 

that no one point in the bridge needs to bear the concentrated force. The suspension 
bridge transfers force, moving it to areas of greater strength.  

 
 Other important factors in bridge design include the height of the bridge, the cost and the 

location. 
 

 And then there is entropy! This is a calculation that is factored into the lifespan of a 
bridge – the natural tendency for things to fall apart based on the forces acting on it. 

 
 Engineers rely on mathematical formulas and computers to help them calculate the 

strength of their bridge design and the forces it can withstand.  
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Feeling Tense? About to Snap? 
  

Team: _____________________________   
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