
 

 

 

 

 
Solutions: Long and Winding Road – Roadway Design 
Student Activity Sheet 
 
Speed limits on curved roads, often shown on cautioned signs, are set 
based on several factors to keep travel safe in many conditions. Many 
of the conditions were established following the construction of roads. 
First, you will explore the relationships that exist between the speed 
limits set along a curve and the factors that are considered in 
determining a safe speed when traveling along a curved road. Then you 
will use data determined by geomatics (surveying) along a curved road 
to determine if the existing speed limit set is safe enough for travel. 

Task 1. Introductory thought and estimation tasks: 

A)      Name at least 3 factors that could be used to determine a safe speed 
to travel along a curved road. 

Sharpness of turns , weather conditions , amount of banking , others 

 

B)      For the two speed limit signs to the right, what is the main factor that 
determines one speed is lower than the other? Why?  

Sharpness of turn or radius of the bend 

  

   

 

C)      For the racetrack picture shown to the right, how does the 31 degree slope affect the safe speed 
traveling along a curved road? 

 Higher angle of banking (superelevation) can allow for safe travels at  

higher speeds than if no banking existed. 



  

D)      What is the slope of the racetrack surface shown in part C? Express the slope as a fraction with 
100 as the denominator. 

 tan(31) = rise/run , If run=100 , then slope = 60/100 or 60% 

E)      When the slope is written as a percent (5% = 5/100), it is called the superelevation of the road. 
Estimate the superelevation of the curved road below and explain your reasoning. 

  

Estimating that this slope is about ½ of the one above, estimate is 30% 

Task 2. The table below is used by NC DOT Road Design Engineers and it relates the safe speed, or 
velocity (V) of a curved road, the radius (R) of the circle that defines the path of the road, and the 
superelevation (e%) of the banked road. Use the table to explore the relationships that exist between 
these variables. NC is “normal crown” and RC is “remove adverse curve”, but these are not used in 
this task. 

 
A) In the above table, the values 838 and 835 appear. Explain what each appearance means 

including units on all your values and why two values so close can be in the same chart. 
 
838 feet would be the radius of a circular curve banked with superelevation of 2.4% that could 
be safely traveled at 25 mph. 835 feet would be the radius of a circular curve banked with 



superelevation of 3.2% that could be safely traveled at 35 mph. High sloped banking 
(superelevation) will allow for higher speeds. 
 

B) For a safe speed of 55 MPH, as the superelevation increases, how does the radius of the 
curved road change? Explain the contextual reason for this. 
 
 
Radius of the curve decreases. As the bank steepness of the road gets larger, the curve of the 
road can decrease and maintain the same safe speed. 
 
 

C) For a superelevation of 4%, as the radius of the curved road increases, how does the safe 
speed of the curved road change? Explain the contextual reason for this. 
 
The safe speed will increase. Keeping the banking slope constant, as you straighten the road 
(less bending), the speed for safe travel can increase. 
 
 

D) For a superelevation of 4%, find the mathematical relationship between the radius of the 
curved road and the safe speed for traveling the road. (regression) 
 
Quadratic: R = 0.64*v^2-16.19*v+151.07   
Power:R = .0377*v^2.586 
 
Both models good, power model has a slightly larger correlation coefficient 
 

E) Using your model from part D, predict the safe speed limit allowed for a Horizontal Curve of 
radius 500 meters. (Careful with units) 
 
500 meters = 1640.42 feet, substituting for R and solving results 62.5 mph (60 mph limit) 
 

Task 3. Now that you know the relationship between a curved road radius 
and the speed limit for safe travel, you are tasked with determining if an 
existing curved road is safe to travel under the current speed limit set. You 
will use data provided by surveyors that report to you three locations along 
the curved road. You need to determine the radius of the curved road from 
the three locations given. Then use it to determine if the current speed limit 
is acceptable for safe travel. A Geomatics graduate surveys the curve and 
reports the following three locations on the midline of the road in the curve.  

Surveyors measure distances from a set location, called STATIONS. A 
station is chosen such that all possible designs will stay in Quadrant I. The 
current speed limit on the curved road is 65 MPH. Assume 4% 
superelevation for all the following tasks. 

To reduce these numbers to make them more manageable, set a new 
STATION at 9000 feet North and 3000 feet East from the original 
STATION. Also, change the Northern distances to be the second number in your coordinate location 
and the Eastern distances to be the first number in your coordinate location.  

 

 



A) Complete the table below for the adjusted locations of points A, B, and C using the STATION 
at 9000 feet North and 3000 feet as the location (0,0). (Remember: Change the adjusted 
Northern distance to the y-coordinate and change the adjusted Eastern distance to the x-
coordinate.) 

Point 
Labels 

North from 
Station (ft) 

East from 
Station (ft) 

A 9249 3701 
B 9196 3824 
C 9161 3958 

 

Point 
Labels 

Horizontal 
x-axis 

Vertical 
y-axis 

A 701 249 
B 824 196 
C 958 161 

 
Road Design Engineers use circles to model curves in roads and they use the term HORIZONTAL 
CURVES. Below is a diagram of a horizontal curve and a common formula used to find the radius of 
the horizontal curve. 

 

 
 

B) Determine the distances between each of the points A, B, and C. 

Segment Length 
AB 133.93 
BC 138.50 
AC 271.65 

 
C) Determine the interior angles of the triangle ABC. 

Angle Degrees 
a 4.4 
b 171.3 

 



c 4.3 
 
 

D) Determine the radius of the curved road. 
 
R = 271.65/(2sin(4.4+4.3)) = 900.76 feet 
 
 
 

E) Is the current speed limit set on this curve safe to travel? Why or why not? 

 Using the model found in task 2, safe speed is 49 mph. So, NO! 65 mph is above a safe speed 

 

 

F) If not, adjust the location of point B, so that it is safe to travel at 65 MPH. Give the location of 
the new point B. 
 
 
65 mph needs a horizontal radius of 1820 feet. (Quad model = 1804 ft ; power model = 1839 ft) 
Many solutions exist here! (pt B = North 9201.5 East 3824 or pt B = North 9196 East 3840.3) 
 
 
 

G) Construction costs for a two lane road is between $3 million per mile and $5 million per mile in 
urban areas. Assuming a cost of $4 million per mile, determine a projected cost of constructing 
the new designed curve. 

 Arc length =(.1494 rads)*(1820 ft) = 271.903 feet of road * $757.58/ft = $205987  


