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Build a Bridge That has Great Efficiency 

Aligned Lesson  
Science Lesson 4 for Unit: Weather and Climate Overall Effect on Bridge Design. 

Cristina Geisler 

Grades 11-12 

Physics 

 

About the author/teacher:  

Science Teacher: Physics 

cgeisler@sd206.org 

Bloom Township District 206 

Chicago Heights, Illinois 

Related Unit:  Weather and Climate Overall Effect on Bridge 
Design 

Lesson Length:  7-10 days. (one hour period) 

 

NGSS Standards: ESS2-1, ESS2-2  
 HS-ETS1-2. Design a solution to a complex real-world problem by 
breaking it down into smaller, more manageable problems that can 
be solved through engineering. 
 

HS-ESS2-4.Use a model to describe how variations in the flow 
of energy into and out of Earth’s systems result in changes in 

Cross-Curricular Standards 

CCSS ELA: CCSS.ELA-Literacy.WHST.11-12.2 
Write informative/explanatory texts, including the narration 
of historical events, scientific procedures/experiments, or 
technical processes. 
 
CCSS Math: CCSS.Math.Practice.MP4 Model with 

mailto:cgeisler@sd206.org
http://www.corestandards.org/ELA-Literacy/WHST/11-12/2/
http://www.corestandards.org/ELA-Literacy/WHST/11-12/2/
http://www.corestandards.org/Math/Practice/MP4/
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climate 
HS-PS2-1. Analyze data to support the claim that Newton’s second 
law of motion describes the mathematical relationship among the 
net force on a macroscopic object, its mass, and its acceleration. 
HSN-Q.A.1 Use units as a way to understand problems and to guide 
the solution of multi-step problems; choose and interpret units 
consistently in formulas; choose and interpret the scale and the 
origin in graphs and data displays. (HS-PS2-1),(HS-PS2-2),(HS-PS2-
4),(HS-PS2-5) 
HSN-Q.A.2 Define appropriate quantities for the purpose of 
descriptive modeling. (HS-PS2-1),(HS-PS2-2),(HS-PS2-4),(HS-PS2-5) 
HSN-Q.A.3 Choose a level of accuracy appropriate to limitations on 
measurement when reporting quantities. (HS-PS2-1),(HS-PS2-
2),(HS-PS2-4),(HS-PS2-5) 
HSA-SSE.A.1 Interpret expressions that represent a quantity in 
terms of its context. (HS-PS2-1),(HS-PS2-4) 
  
HS-PS1-7 Use mathematical representations of phenomena to 
support claims 
  
HS-PS1-4  Develop a model based on evidence to illustrate the 
relationships between systems or between components of a 
system 

 

 

 

 

 

mathematics. CCSS.Math.Practice.MP3 Construct viable 
arguments and critique the reasoning of others. 
 

 

 

 

http://www.corestandards.org/Math/Practice/MP3/
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Library of Congress Primary Sources Materials/Supplies/Resources 

 
Engineers perform unique test in replacing 
Washington bridge without stopping traffic 
 

• https://catalog.loc.gov/vwebv/search?searchCode=LC
CN&searchArg=2008354205&searchType=1&permalin
k=y 

• https://www.loc.gov/item/ggb2005017089/ 

• https://www.loc.gov/item/mpc2005000474/PP   

 

 Each student gets 16 sticks 3/32 inch square cross-
section basswood.  2 tubes (4oz) of any commonly 
available adhesive. 
Sanding paper- one sheet per student. 
Cutting blades and boards-one per student.  
T pins -10 per student.  
Wax paper. 
Safety glasses.  
A ceiling tile works very well to build on.   
 
Additional Teachers Resources:  

https://sce.umkc.edu/wp-content/uploads/2014/08/how-

to-build-a-bridge.pptx 

https://www.youtube.com/watch?v=2imxnzCXp_o 
 
https://www.youtube.com/watch?v=-gmc6hEAdQM 

http://www.garrettsbridges.com/design/truss design  

http://www.jhu.edu/virtlab/bridge/bridge.ht m  

http://pghbridges.com/basics.htm  

http://www.knexusergroup.org.uk/acatalog/K 

96168X.pdf 

 

/Users/docbrown/Documents/TPS_2017/2018%20Materials/Teacher%20Videos/teachers%20project%20reviews/Cristina%20Geisler/Engineers%20perfrom%20unique%20test%20in%20replacing%20Washington%20bridge%20without%20stopping%20traffic
/Users/docbrown/Documents/TPS_2017/2018%20Materials/Teacher%20Videos/teachers%20project%20reviews/Cristina%20Geisler/Engineers%20perfrom%20unique%20test%20in%20replacing%20Washington%20bridge%20without%20stopping%20traffic
https://catalog.loc.gov/vwebv/search?searchCode=LCCN&searchArg=2008354205&searchType=1&permalink=y
https://catalog.loc.gov/vwebv/search?searchCode=LCCN&searchArg=2008354205&searchType=1&permalink=y
https://catalog.loc.gov/vwebv/search?searchCode=LCCN&searchArg=2008354205&searchType=1&permalink=y
https://www.loc.gov/item/ggb2005017089/
https://www.loc.gov/item/mpc2005000474/PP
https://sce.umkc.edu/wp-content/uploads/2014/08/how-to-build-a-bridge.pptx
https://sce.umkc.edu/wp-content/uploads/2014/08/how-to-build-a-bridge.pptx
https://www.youtube.com/watch?v=2imxnzCXp_o
https://www.youtube.com/watch?v=-gmc6hEAdQM
https://www.loc.gov/item/2005684115/
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Enduring Understandings Essential Questions 

• When deciding on a bridge design, consider effects 
(individually and combined) of extreme temperatures 
and precipitation events on scour, pier and abutment 
protection, thermal expansion joints, bearings, 
superstructure elements, and bridge deck elevation 
and profile. 

•  Structures are designed to provide solutions to a 
human need. Engineers must understand Science, 
Technology, Engineering, and Mathematics (STEM) to 
create structure to meet code, safety specifications, 
and budget constraints. Designers, Scientist, and 
Engineers use scale models and prototypes to test 
design theories. 

• Identify existing structure locations vulnerable to 
extreme weather risks, and develop appropriate  
strategies to minimize such risks. 

• How weather conditions and different types of loads 
can affect bridge structure?  

 

• How do natural disasters and/or human impact 
affect Earth’s environment? 

 

• What are some strategies that can be used to 
minimize such risks? 

 

• How can bridges be built to deal with weather and 
other wear? 

 
 

Transfer Goals 

• Asking questions (for science) and defining problems (for engineering) 

• Planning and carrying out investigations 

• Analyzing and interpreting data 

• Constructing explanations (for science) and designing solutions (for engineering) 
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Learning Objective 

● Students will build a bridge that will be efficient under load, stress, and aesthetic challenges. HS-ETS1-2 

● Students will be able to state the forces and whether related factors that affect bridge design and structure (ESS2-2,HS-
PS3-1, HS-PS1-7, HS-PS1-4) 

● Students will be able to perform and interpret scientific measurements.( CCSS.Math.Practice.MP4 

Engage: How can I get students interested in this? (20 minutes)) 

Students will refer to the previous lesson and discuss once again how bridges can be built and tested.  

Write some of the answers on the board for further reference.  

Show picture from primary sources of bridge building. As a class, refresh on questions from the previous lesson. 
 

https://www.loc.gov/item/ggb2005017089/ 

https://www.loc.gov/item/mpc2005000474/PP   

 Example questions: 
What are the workers doing in this picture? 
How are they testing the bridge? 
Why do bridges need to be tested? How often do you think bridges are tested?  
 When engineers start building bridges, what do they have to consider?   
What is a model in science? 
 What is a diagram/blueprint in science?  
What do you know about it? Why is it necessary to build a model first? 
 Why is it necessary to test a model first? What is your understanding of efficiency? 
 Why does a bridge needs to be efficient? 
 How can a bridge be more efficient than another? Consider whether conditions. 
 How can bridges be built to deal with weather and other wear? 
 

http://www.corestandards.org/Math/Practice/MP4/
https://www.loc.gov/item/ggb2005017089/
https://www.loc.gov/item/mpc2005000474/PP
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Explore: What tasks/questions can I offer to help students puzzle through this? (50 minutes) 

 
Students will use internet resources and teacher guidance to individually research the following procedures: wood 
lamination, bending of wood, wood cutting  gussets and joints.  
 
Link example: 
 
https://sce.umkc.edu/wp-content/uploads/2014/08/how-to-build-a-bridge.pptx 
 

 

Explain: How can I help students make sense of their observations? (50 minutes) 

 

Teacher will go over on how students will use all the materials in order to build a bridge with great efficiency while respecting 
safety protocol. Safety glasses will be used the entire time.  
 
How will you use you blueprint in order to start building your bridge?  
 
Tape your blueprint to the board and pin a piece of wax paper on top. The wax paper prevents the glue from ruining your plans. 
Pre-sand all of the wood. 
Darker wood tends to be brittle but stronger. 
Make each side one at a time-start with the exterior frame.  
Laminate wood to use it on the top and bottom.   
Create strong joints by cutting at an angle.  
If you chose an arch bridge you need to bend your wood first.   
To bend wood, soften it first over boiling water. 
Steam softens wood. 
Bend, pin in place and let it dry. 
When dry, glue it. 
Gussets improve a joint, make sure that you use lap joints and notch joints.  

Extend/Elaborate: How can my students apply their new knowledge to other situations? (4-5 class periods0) 

https://sce.umkc.edu/wp-content/uploads/2014/08/how-to-build-a-bridge.pptx
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Students have to apply their new skills and build a bridge that will support loads applied at a specific location.  They will use their 
forces and torque knowledge to come up with strategies that will make their bridge strong and efficient.    
 
Additional teacher/student resources:  
https://www.youtube.com/watch?v=2imxnzCXp_o 
 
https://www.youtube.com/watch?v=-gmc6hEAdQM 
 

http://www.garrettsbridges.com/design/truss design  

http://www.jhu.edu/virtlab/bridge/bridge.ht m  

http://pghbridges.com/basics.htm  

http://www.knexusergroup.org.uk/acatalog/K 96168X.pdf 

Evaluate: How can I help my students self-evaluate and reflect on the learning? (1-2 class periods) 

● Check for understanding questions will be utilized during large group instruction. Students will be asked open-ended 
questions during small group and individualized instruction to check for understanding 

● Self-evaluate: Students will have multiple opportunities to self-evaluate their progress during the class discussions.  
● Formative Assessments: Class Discussions Examples:  How weather conditions and different types of loads can affect 

bridge structure? How can you design your bridge that it is efficient when loads are applied at specific locations? 
               What are some strategies that can be used to minimize such risks? 

● Summative Assessment: Teacher will check all the measurements and design of one side prior to students starting on the 
second side of the bridge.  

● Students will connect both sides of the bridge. Teacher will use rubric to check for all measurements.   
● Include in your project a lab report and describe whether your hypotheses were correct, why you think they were correct 

or not and what you would do differently if you were going to repeat your experiment in the future. 
 
 
Bridge Breaking and Blue Print  Record  2018       Name_____________Period_________ 

https://www.youtube.com/watch?v=2imxnzCXp_o
https://www.youtube.com/watch?v=-gmc6hEAdQM
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Date submitted _____________                                                Date broken________ 
  
Mass of Bridge___________g                                               Load Supported______ 
  
Efficiency = Load/Mass = 
Bridge has met requirement for:                                                Deficiencies_____________ 
  
Mass- no greater than 25.00g                                                   _10pt__         ____________ 
  
Length of the bridge no longer than 400mm                                 _10pt__          ____________ 
Span Gap 300mm                                                                          -10pt- 
Width No wider than 80 mm                                                             5 pt. __      _____________ 
         No narrower than 25mm                                                 5 pt. __      _____________ 
  
Height above support surface- no taller than 150mm               _10pt_            
  
Height below support surface 00mm                                           _10pt_        ______________ 
The loading plane shall be horizontal and shall lie on the physical top of the bridge between 80. mm and 100. mm above the 
support surfaces.                                                           _20pt_ _________________ 
The bridge must be constructed to provide a horizontal support for the loading plate and at each of the two possible loading 
positions. These two positions (see 3c). The bridge structure must allow the loading rod (see 3c) to be mounted from below                                                     
10 pt._____ 
The bridge must be constructed to allow a 48 mm diameter, 400. mm long pipe (1.5 inch schedule 40 PVC pipe) to be passed 
horizontally across the bridge with the pipe's lower surface on the loading plane (P) between 80. and 100. mm above the base of 
the bridge.  
This pipe must touch both loading locations simultaneously (see 3c)                                 20 pt._______________ 
Loading Sites: One loading locations in the same horizontal plane 
60 mm to the right of center                                                   _5 pt.__      ______________ 
  
 30 mm to the left of center                                                       _5pt__      ______________ 
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Symmetry/Level                                                                         __20pt__ 
  
Quality/Neatness                                                                            _20pt__       
  
Efficiency higher > 500                                                                _30pt_           
  
Total Points Earned _________________________________________ 
 
 

 


