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Problem A: Designing a Traffic Circle

Introduction


Traffic jams. In some areas it is nearly impossible to avoid traffic.  With growing population and heavy flow rates, some roads and intersections are asked to uphold at levels far past their capacity.  However, other areas are burdened with traffic due to two factors: poor driving and poor intersection design.  Since we cannot change the driving habits of our intersections’ drivers, we focused on providing the most efficient environment.  Intersections decrease efficiency as movement is allowed from only two entrances.  Roundabouts, however, allow for entry from 4 streets, increasing flow of traffic.


We chose three separate intersection designs that would best handle the traffic flow into an intersection based on the rate of flow of the traffic into the intersection.  All three of our designs use only yield signs.  We chose only to implement yield signs because the point of a roundabout is to keep the traffic continuously flowing if at all possible, and both stop signs and stop lights stop traffic.  Therefore all three of our roundabout models are based on the continuous flow of traffic and can be modeled as linear differential equations. 
Assumptions

· An average car is approximately 16 feet long (2009 Toyota Camry). Therefore each car in our roundabouts is allowed 45 feet for the car body and spacing.

· A third of the cars entering the roundabout will turn right, a third will go straight, and the remaining third will turn left.

· Each lane is 10 feet wide.

· All cars travel the speed limit inside the roundabout.

· We assume that the rate of flow into the intersection is constant.
Technical Summary

We decided to model our roundabouts as equations.  The equation that we created for the roundabouts respectively was as followed.

Y(t)= (a’-k’)t + b


In our equation, Y(t), is equal to the amount of traffic at the intersection at a given time t.  The a(t), is equal to the amount of traffic that comes to the intersection in an elapsed span of time t.  Therefore a’ is the instantaneous rate of flow at which traffic enters the intersection at a time t.  The k(t) is the amount of traffic that exit the intersection in an elapsed time t, given that, the intersection is at maximum capacity and all of our assumptions are met.  Therefore k’(t) is the instantaneous rate at which traffic can flow out of the intersection.  The constant b is the amount of cars that can be inside the actual roundabout safely at any time.  The equation is altered slightly to 

Y(t)= ((2/3)a’-k’)t + b for the roundabout designs 2 and 3.  This is because traffic turning right never actually enters the roundabout but instead takes an outer bypass lane.  


Our equation is designed to model the best possible choice of roundabouts for each intersection based on the amount of traffic flow (a(t)) entering into the roundabout.  Each of our three different roundabout models were chosen because they accurately and safely handled different traffic flows well and also had drastically different costs.  The three models are representative of roundabouts for low medium and high traffic flow.  Each of these models have different constants b and k’.  


The b constant in each equation is the amount of average sized cars that would fit into the roundabout safely.  This was found by taking the circumference of the middle of the lane in which the cars would be travelling in, and then dividing that by 45 ft.  This is the amount of a space a car would need to be deemed safe.  The b constant for Design 1 was determined to be 2.09, Design 2’s b constant is 4.88, and Design 3’s was 12.56 because unlike the other two models this model was a two lane roundabout.  


The k’ in each equation is the instantaneous rate at which cars can flow out of the roundabout given maximum capacity.  The k constant was found by taking the inverse of the average time of a vehicle in the roundabout and multiplying that inverse by the maximum amount of cars that can fit safely inside the roundabout (b).  The k’ for Designs 1, 2, and 3 are 0.97, 1.04, and 2.61 respectively.  


If the rate of cars entering an intersection is known, it may then be substituted into each of our three models as the a’ value.  Each of these design models may then be plotted to decide which of the three designs is best suited for the intersection.  If the rate of flow into the intersection is too fast for a particular design then traffic buildup would occur and therefore it is necessary to move up to the next design.  Similarly, if the rate of traffic into the intersection is too slow for a particular design then such a roundabout would be inefficient and a smaller design number is required.  The most steady flow will be found when the rate of traffic into the intersection (a’ value) equals the k’ constant for the roundabout.  At this point, the number of cars entering the roundabout will equal the amount leaving, placing the intersection in equilibrium and Y’(t) equal to 0.

It should also be noted that we created three models of roundabouts that would effectively handle a wide array of traffic flows.  However, using our Y(t) equation and the formulas for both our b and k’ variables any type of roundabout can be modeled using our equation.  The variables can be modified based on the speed limit, amount of lanes, and the radius of the inner circle.  Therefore using our equation and variables any roundabout can be modeled and tested to the builders exact specifications and traffic flow in the area.
Roundabout Layouts
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1 square = 2 ft. x 2ft. or 0.3175 cm = 2 ft.
Drawn to scale

Specifications
· 20 ft. diameter inner circle
· 15 mph speed limit inside the intersection
· Yield signs at all entries into the intersection
· One lane roundabout
Design 2
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


1 square = 4 ft. x 4ft. or 0.3175 cm = 4 ft.
Drawn to scale

Specifications

· 60 ft. diameter of the inner circle

· 20 mph speed limit inside the intersection

· Yield signs at all entries into the intersection

· One lane roundabout with a right turn lane detached

Design 3
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


1 square = 5 ft. x 5 ft. or 0.3175 cm = 5 ft.
Drawn to scale

Specifications
· 80 ft. diameter inner circle

· 25 mph speed limit inside the intersection

· Yield signs at all entries into the intersection

· Two lane roundabout with a right turn lane detached

	Design Number
	Island Diameter (ft)
	Speed (mph)
	Circumference (ft)

	1
	20
	15
	94.2

	2
	60
	20
	219.8

	3
	80
	25
	282.6


	Time for 1 revolution (s)
	Cars in Centermost Lane of Roundabout at Once
	Cars out of intersection per sec
	K values

	4.28
	2.09
	0.49
	0.97

	7.49
	4.88
	0.65
	1.04

	7.71
	12.56
	1.63
	2.61


	Design Models
	y=a’t+b-k’t

	 
	y=(a’-k’)t+b

	1
	y=(a’-0.97)t+2.09

	2
	y=((2/3)a’-1.04)t+4.88

	3
	y=((2/3)a’-2.61)t+12.56


a=rate of cars entering

b=max cars in roundabout

k=rate of cars leaving

Developing our Models


In order to model our three designs, we had to develop constants characteristic of each roundabout.  The island diameter and speed limit for each design came from average values suiting the needs our roundabouts need to accommodate.  When determining the distance a car would travel along the innermost lane of the roundabout, 10 feet was added to the diameter of the island, verifying the actual path a car would take.  This diameter was then utilized with the speed limit of the design to determine the time for one full revolution of the roundabout as well as the max number of cars the roundabout could safely hold at once. .  The max number of cars was then divided by the time for one revolution to determine the rate at which cars would exit the intersection if they all completed a full cycle.  The inverse of this value was then multiplied by the maximum amount of cars that can fit safely inside the roundabout to determine the k constant for each equation.

Design 1 Test
	y=(0.5-0.97)t+2.09

	0
	2.09

	2
	1.15

	8
	-1.67

	60
	-26.11

	300
	-138.9


[image: image1.emf]Design 1 (0.5 cars/sec)
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	y=(1-0.97)t+2.09

	0
	2.09

	2
	2.09

	8
	2.09

	60
	2.09

	300
	2.09


[image: image2.emf]Design 1 (0.97 car/sec)
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	y=(1.5-0.97)t+2.09

	0
	2.09

	2
	3.15

	8
	6.33

	60
	33.89

	300
	161.09


[image: image3.emf]Design 1 (1.5 cars/sec)
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Design 2 Test

	y=((2/3)a-1.04)t+4.88

	0
	4.88

	2
	4.13

	8
	1.89

	60
	-17.52

	300
	-107.12


[image: image4.emf]Design 2 (1 car/sec)
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	y=((2/3)a-1.04)t+4.88

	0
	4.88

	2
	4.88

	8
	4.88

	60
	4.88

	300
	4.88


[image: image5.emf]Design 2 (1.56 car/sec)
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	y=((2/3)a-1.04)t+4.88

	0
	4.88

	2
	5.47

	8
	7.23

	60
	22.48

	300
	92.88


[image: image6.emf]Design 2 (2 car/sec)

0.00

20.00

40.00

60.00

80.00

100.00

0100200300400

Time (sec)

Cars


Design 3 Test

	y=((2/3)a-2.61)t+12.56

	0
	12.56

	2
	11.34

	8
	7.68

	60
	-24.04

	300
	-170.44


[image: image7.emf]Design 3 (3 car/sec)
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	y=((2/3)a-2.61)t+12.56

	0
	12.56

	2
	12.56

	8
	12.56

	60
	12.56

	300
	12.56


[image: image8.emf]Design 3 (3.92 car/sec)
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	y=((2/3)a-2.61)t+12.56

	0
	12.56

	2
	13.34

	8
	15.68

	60
	35.96

	300
	129.56


[image: image9.emf]Design 3 (4.5 car/sec)
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Test Analysis


For each of our three models, we ran several trials with differing incoming rates of traffic.  If the rate was too high for the intersection, the number of cars at the intersection would grow linearly, representing a back up of traffic.  However, if the rate of traffic was below the equilibrium rate for each model, a linearly decreasing graph would be produced.  This demonstrates the roundabout is over-equipped and inefficient.  We were able to determine the equilibrium rates of traffic flow for each intersection, which are represented on each graph by a horizontal red line.  In each of these cases the number of cars entering the intersection equals the number exiting, producing a perfectly even flow of traffic.  The equilibrium rates of entering traffic for Designs 1, 2 and 3 are 0.97 cars/sec, 1.56 cars/sec, and 3.92 cars/sec, respectively.

Conclusion


Proper road construction is imperative if we wish to minimize the traffic in an expanding world.  Designs yielding the most efficient results need to be studied and then put into place.  Keeping traffic moving is the goal in determining way to control traffic.  Roundabouts are much more effective than intersections as they allow for increased entry into the intersection.  By implementing solely yield signs, we have allowed for traffic to enter the roundabout as needed.  This insures a bottleneck will not occur due to limitations on the entrance rate of flow, as is the case with stop signs and stop lights.  

In our report we have developed a model for determining how to find the equilibrium point for a roundabout.  We have also proposed three designs which ensure maximum traffic flow where the roundabout designer needs to only determine the rate of flow into the intersection.  With this value, the flow of traffic inside the roundabout at this intersection may be modeled to determine which design best fits.  However, although we believe our designs cover a wide range of traffic flow needs, it is possible to use our models to construct a completely different design.  Simply providing an inner island radius and speed limit for the roundabout, our model may then be used to construct a completely unique roundabout that would fit the exact specifications of the intersection.
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