[image: Road drawing Vectors & Illustrations for Free Download | Freepik] Design a Road

Roads are the main civil infrastructure that connect people and places to one another. Most people travel from one place to another in cars, vans, or buses, along the roads that are built to create easy access between locations. But before engineers can build roads to connect places, they need to understand the nature of the land surface (topography) and how to effectively design suitable roadway alignments. Let’s design a simple roadway alignment in a location east of Harrisburg, MO to traverse Perche Creek.

Project Specifications
· [image: ]Roadway alignment should have at least one horizontal curve.
· Vertical alignment should be designed to balance cuts and fills as best as possible.
· The horizontal tangent that crosses Perche Creek should be perpendicular to the creek.
· Use design speed of 30mph, a superelevation rate of 6% and do not exceed a maximum slope grade of 12%.
What you need
· [image: ]A pencil to take notes and a ruler to measure lengths and 
· A protractor to measure angles
· A calculator
· Access to a computer to do site selection and extract elevation data using Google Earth Pro Desktop Software
· A discerning eye


Google Earth Pro
[image: ]Google Earth Pro is a free-to-download software that allows us to use satellite imagery to survey our site from the comfort of a desk. With this software it is possible to see what the situation of the site looks like before even going out to do a preliminary survey.
Since this activity does not involve actual surveys, we will be relying on the software to extract some important information to design our road.

Harrisburg, MO Site
[image: ]
Our design site is a location just east of Harrisburg, MO. 
Using Google Earth Pro Application, locate the site by importing the “Site Location.kmz” file provided. 

[image: Harrisburg, MO. Design Site Example]

Site Selection
Before you can start designing your road, the first and most important thing to do is decide where the road goes. The example video above shows how you can use Google Earth Pro application to site your path and access the vertical profile of the path.
This involves some trial and error so make sure to consult the 3D model to know where the topography is suitable enough to place your road.
The elevation graph from the Google Earth Pro application will also aid your vertical design process. 

Horizontal Design
The first step in designing the horizontal alignment is to measure the angles formed between the tangents of your final sited road.
In Google Earth, to get a bird's eye view of you site, click on the view tab and select the rest option, reset the “tilt and compass”






The formula is: L = (𝜋/180)*𝑅v*∆ ​
∆ is the angle where the tangent lines intersect. To find ∆ use your protractor to estimate the angle.
[image: Table

Description automatically generated]
Given the design speed and superelevation rate (assume 4% for this table), find the appropriate radius from the table and compute the lengths of your horizontal curves.

L = 



Vertical Design
[image: Chart, line chart

Description automatically generated]
For vertical curve design, the first step is to extract the elevation profile of the sited roadway from Google Earth Pro (refer to the video for demonstration).
Draw lines to smooth the elevation considering the number of cuts and fills, making sure they are as balanced as possible.
Make sure your slopes do not exceed the allowable 12% maximum
[image: Chart, line chart

Description automatically generated]

The formula is: L = K*A, where A =|G1 - G2|
G1 and G2 are the grades of the curve in percentages. Determine the grades from the distances and elevations of your profile.

We have two types of vertical curves:
[image: Table

Description automatically generated] Crest vertical curves (uphill nurve)[image: Diagram

Description automatically generated]
[image: Table

Description automatically generated]Sag vertical curve (valley curve)[image: Shape

Description automatically generated with medium confidence] 





Do you want to be an engineer?
Do you like to solve problems, figure out how things work, or make them better?  Then engineering might be for you! There is a wide variety of engineers out there and they need lots of different skills.  What engineering skills do you have?
· Likes to solve problems
· Good at math and science
· Good at creative thinking (coming up with new ideas)
· Great at communication (writing and talking)
· Ability to organize and make connections
· Can get along well with others
· Determined to get things done and do a good job
· Leadership
2

Solved Example:
1) Open Google Earth Pro and import the site location file
File>Import…>select Site Location.kmz (you may need to change file type to all files (*.*)
2) Import the example path
File>Import…>select Example Path.kmz (click the checkmark beside Example path in the left hand places menu so that you can see it)
3) Change the view so that you are looking “top down” on the path
View>Reset>Tilt and Compass
4) Print out or screen shot the view so that you can measure the angles between the straight lines
[image: A picture containing screenshot, text, map

Description automatically generated]Δ = 40°

5) Calculate the horizontal curve length.
L = (𝜋/180)*𝑅v*∆
From the table assume a typical local highway speed of 55 mph so Rv = 1190f
L = (𝜋/180)*1190 ft*40 degrees = 830.7ft
6) Extract the vertical elevation profile
Edit>Show Elevation Profile
7) Draw possible road profiles on the elevation and determine the grade of the profile (there is no right or wrong profile – you can do only 2 grades, as in the example, or multiple ones, as in the previous image.  If you want to use the x-axis for distance, remember there are 5,280 ft in a mile.



[image: Table

Description automatically generated]Point 1 – 725 ft, 0 mile
Point 2 – 670 ft, 0.9 mile (4752 ft)
Point 3 – 754 ft, 1.37 mile (7233 ft)

Grade 1: Point 1 to 2 = (670 ft – 725 ft)/ (4752 ft)* 180/π = -0.663 degrees
Grade 2: Points 2 to 3 = (754 ft – 725 ft)/(7233 ft – 4752 ft)*180/π = 0.67 degrees

8) Calculate the sag curve length
L = K*A, where A =|G1 - G2|

From the table with a design speed of 55 mph K = 115

[image: Table

Description automatically generated]L = 115* |-0.663 – 0.67|=153 ft

9) Want to redesign?  To draw a new path
Add>Path Then click on the map the point that you 
want for your new path. Try to reduce the amount of soil that has to be cut or filled.  This may need multiple curves.
Repeat the previous steps and see if this new path
is any better.


[image: A picture containing text, screenshot, plot, diagram
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Teacher Notes:
Prepare ahead of time
· Make sure students have access to computers with Google Earth Pro preinstalled. Students can work in groups.
· Application files will be provided for the site and google earth pro software.
· Explanations of the calculations for horizontal and vertical alignment are in the presentation slides, go over it with students and help them understand the process before engaging in the activity.
· It may be easiest for students to print the profiles and work with them on paper.  Otherwise, student can take a screenshot and use any drawing program to draw lines on their profile.  There are also online protractors.
Introduce the challenge (20 min video + 10 min discussion)
· Introduce the activity after the presentation.
· Go over activity instructions and goals.
· Play video of how site selection is done and work the solved example together in class.  Then give students the chance to select their own sites and see if they can design a better road.
Brainstorm and Design (10 min)
· Give students about 10 min to brainstorm and select their site.  Have them check-
· Does my road meet the requirements for the specifications provided?
· Is the topography generally favorable for a road?
· Does my roadway tangent cross the creek at a 90° angle (perpendicular)
Measure, Calculate, Design (30 min)
· Have students measure their tangent angles and compute the cure lengths for their horizontal alignments.
· Students should also be able to extract the elevations profile graph from Google Earth Pro (demonstration video shows where to find that)
· Students should draw vertical slopes taking into consideration a balancing of the cuts and fills, as well as not to exceed the maximum 12% allowable slope. (Help students measure slope as change in elevation over change in distance)
· Make sure students understand the concept of absolute values as they compute their vertical curve lengths
Discussion (10 min)
· Ask some of these questions to help students think about their design.
· Did students consider the topography as they decided on the locations to site their roads?
· Engineers like to make the amount of soil cut or filled as little as possible and hopefully equal to each other – Why?  Did their design reduce the amount of cut and fill?  What if they included more curves?
· Considering the previous question, why are roads in hilly areas curvy?
· What kinds of situations make certain areas more challenging to build in than others?
· What other constraints exist that could influence how the road is designed?
· If they tried other solutions which worked out better and why?
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