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Introduction

Text: relevant chapters of the Highway Capacity Manual (2000) (HCM).

Two other references we will use in homework are 

· Manual on Uniform Traffic Control Devices (MUTCD). Latest edition (2003, revision 1) is available as pdf on the web (see link on blackboard) 
· Project Development and Design Guide, the Mass. Highway Design Guide, also available on the web (see link on blackboard).

(Note: for those on-line documents, please don’t print even a whole chapter; they are enormously long).

Traffic as a societal issue.
Everybody cares about traffic; often among top 5 political and social issues.

Do we want more or less traffic?

As motorists, we want more capacity, higher speed, and roads that are safe for our higher speed driving. Accommodating this desire has been the historic concern of traffic engineering.
However, as residents, pedestrians, cyclists, children, and seniors, we want less traffic, slower traffic, and traffic that’s safer for the people who aren’t protected by steel “cages.” A newer aspect of the profession addresses these concerns, and will occupy the last 20% of the class. 
Unexpected Consequences of Mobility drive the profession.

Mobility is critical to our quality of life (earning and spending; pursuit of happiness). Highway engineers have given us wonderful roads providing us mobility. If nobody used the road except you, everything would be just fine. However, lots of people besides you need mobility, and the resulting traffic has had unexpected consequences that require engineering. For years, the main two impacts the profession was concerned with were:
1. accidents

2. congestion

Often, the solution has been wider roads. More recently, however, a third unexpected consequence has driven the profession:

3. reducing the walkability & livability of cities 

This latter issue affects quality of life and public health, and is the main impetus for “road diets” and “traffic calming.”
Traffic engineers deal with:

· physical roadway issues
· traffic flow – measuring, modeling, predicting the quality of traffic flow, especially at intersections, which in cities are the bottlenecks that determine flow quality

· traffic safety
An example of the interaction of physical and flow issues:  improving Manhattan’s traffic using one-way street schemes (1950’s) rather than roadway widening. North- and southbound traffic in Manhattan moves as well now as it did in 1950, in spite of a huge growth in traffic, thanks to one-way avenues and signal progression (green waves), without having to widen the streets.
The main design issues we’ll cover (and have design projects on) are:

· designing traffic signal plans (to optimize the quality of traffic flow at intersections). 
· designing traffic calming and other neighborhood traffic management schemes (to improve safety and to reduce the negative impact of traffic on urban life)
This course will focus on urban street traffic. Freeway traffic management is covered in a graduate class, Transportation Supply Models. Roadway design is covered in Highway Engineering. 

1. Change intervals for Signalized intersections
Change intervals have two parts, Yellow plus All-Red. 
1.1. Legal Meaning of Yellow

What does yellow mean? What were you taught in driver education?
1.1.1. Vehicle Code

The Vehicle Code is the body of law governing driving. It varies by state. A “Uniform Vehicle Code” is proposed for all states to adopt, but they pick & choose and so there are still variations between states. 
Law on yellow in Mass. was recently changed to agree with UVC: “stop if you safely can.” 
1.1.2. MUTCD

The Manual on Uniform Traffic Control Devices contains standards, guidance, and options regarding signs, signals, and markings used to control traffic. Uniform: we want green, yellow, red to mean the same all over the country; likewise for signs, markings, and other “traffic control devices.”

It’s up to each state to choose to adopt MUTCD as a standard, and to decide how quickly to replace non-compliant devices. Mass. has lots of non-compliant devices. There are also experimental devices, outside MUTCD but approved by a government body.
Example overhead from MUTCD on stop lines & yield lines:

· Standard. Uses “shall”; a requirement.

· Guidance. Uses “should”; a recommendation.

· Option. Uses “may”. Something more than neutral, but less than a recommendation.

You will research what the MUTCD says about change intervals as part of Hwk 1. Two standards it gives are:

· Yellow’s sole purpose is to indicate an impending change in right-of-way

· A yellow indication shall follow every solid green or green arrow indication.

1.1.3. A Logical Approach
Why use 3 indications for a traffic signal? Motorist choice is binary, go or stop. Green means “go” and yellow means “stop (unless you’re so close to the stopline that you can’t stop safely)”. The decision point for stopping is not start of red; it’s start of yellow. So why not just use 2 colors? 

Start of red is for enforcement (self-enforcement as well as police enforcement) to arbitrate the “if you can” part of “stop if you can.” If you end up crossing the stop line after the start of red, then you made the wrong decision at the start of yellow:  you should have decided to stop then.
While we use 3 colors, there are actually 4 periods in a cycle for a given signal: green, yellow, all-red, and then red (while other traffic streams have green). Why the extra period, the all-red? Because cars can (legally, in most states) enter the intersection during the yellow period, all the way until start of red. All-red is the clearance interval so cars that entered the intersection just before the start of red will be out of the way before the start of green. 
“Change interval” is yellow plus the all-red clearance interval. In much of traffic analysis, the two are combined. We’ll try to be consistent:  lower case y is yellow time, and upper case Y is yellow-plus-all-red, the full change interval, and is abbreviated as “yellow time” even though it includes the all-red as well.
1.2. Yellow time formula
Think of how a traffic policeman stops cars: put up his hand, points to a car about 100 ft back, and directs it to stop. Bisects traffic stream, stopping the car pointed to (and those behind it), while letting those ahead of it go. The onset of yellow is putting up the hand. The question is, how to “point” to the right car to stop?

In choosing a yellow time, we want cars to know clearly what decision to take, either go or stop. We want to avoid the two possible “dilemma” zones:
· the no-choice (“pitfall”) zone, in which they can neither enter the intersection on green or stop before the stopline. (Leads to red-light running or unsafe braking.)

· the two-choice (“option”) zone, in which they have the option of entering the intersection on green AND stopping before the stopline. (Leads to rear-end accidents, disrespect for yellow.)

For a given set of speed and deceleration rates, there is a yellow time that avoids these zones. The key to the analysis is to focus first on distance, where to stop a car, rather than when; later, we’ll convert that distance to a time.

On the right side, sketch approach vertically (going up). Next to it, sketch time-space, with distance on vertical axis (parallel to approach, with zero at stopline), time on horizontal. For now, avoid specifying an origin on the time axis.
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Figure 2-1:  Yellow Time to Avoid Pitfall & Option Zones

Sketch a decel trajectory that ends at stop line., including both braking and reaction time (1 s). Use v = 50 ft/s, a = 10 ft/s. Sketch it backwards. Time and space needed for braking:


Time: v/a = 5 s.  Distance covered: time * v/2 = v2/2a = 125 ft.
And for reaction:


Time = 1.0 s.  Distance covered: 1.0 *v = 50 ft.
This defines

 Lcritical = Lstop  = treaction * v  +  v2/2a = 175 ft
Sketch line for Lcritical: a car that begins stopping there ends its stop at the stopline. Can’t begin to stop any later, or car will either enter the intersection, or brake so hard that it’s unsafe.
Let this braking trajectory be the first stopper. Where it crosses Lcritical defines the start of yellow.
Next, sketch a car a moment ahead of this first stopper, and have it go. When it hits stop line should be the end of yellow.  Why?

· If yellow ended sooner, a slightly later car would be in a pitfall zone: can’t pass through before red, but can’t stop before the stopline either.

· If yellow ended later, a slightly earlier car would be in an option zone: car can both stop before stopline, or (if it chooses) pass stopline before red.

Ideal yellow time is the time for a non-stopping trajectory to traverse the distance Lcritical. Formula:


y = Lcritical / v = tR + v/2aactual
To account for grade effect, aactual = ao + Gg, where = standard decel rate and G is grade (e.g., 0.04 for 4% upgrade), leading to the ITE recommended formula:


y = tR + v/2(ao+ Gg)

(For example, with 4% upgrade, gravity increases decel rate by 1.3 ft/s2.)

For our example, assuming no grade effect, y = 3.5 s, a common value in Boston.

1.3.  Dilemma (pitfall and option) zones

To illustrate the pitfall zone, take the case of too-short yellow, y = 2.5 s, with the same vehicle dynamics parameters (reaction time, speed, deceleration rate) as before. To make the sketch, draw horizontal lines for the stopline and Lcritical. On the stopline, indicate the yellow time. Anchored to the end of yellow, draw the last stopper trajectory (constant speed) backwards, at the given speed. Notice where the last stopper is at the start of yellow:  a distance (y * v) from the stopline, which in this example is 2.5 * 50 = 125 ft. Next, draw the trajectory of the first stopper: it departs from Lcritical at the start of yellow, and ends at the stopline (well after the light has turned red). The pitfall zone is the section of road, at the start of yellow, between the two trajectories; it extends from Lcritical to (y * v), which in this example is from 175 to 125 ft. 

Locate a car in the pitfall zone – say, car is 150 ft from stopline at onset of yellow. Show the pitfall: if it stops – it comes to rest 25 ft past stopline! If it goes – crosses the stopline 0.5 s after onset of red!
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We can similarly illustrate the option zone in the case of too-long yellow, say y = 5 s. Again, the last go-er is anchored to the stopline at end of yellow, while the first stopper is anchored to Lcritical at the start of yellow. The option zone is the section between the two trajectories at the onset of yellow – in this case, extending from 250 ft to 175 ft. Locate a car in the option zone – say, 200 ft from stopline at onset of yellow. Show the dilemma: it can stop OK, it can go OK. Danger: what if it decides to stop, while car that’s 250 ft from stopline at onset of yellow decides to go!


[image: image3]
“Dilemma zone” is a term that engenders confusion. While the word “dilemma” means option (“di” means “two”), however, most people use it to mean pitfall zone. So when you hear people talking about “dilemma zone protection,” they mean protection cars from a pitfall zone.
1.4. Implications of the yellow time formula

The yellow time formula implies that yellow times should be longer at higher speeds. Using tR = 1 s, a = 9 ft/s2 (a little gentler deceleration), here’s a table of yellow times versus speed:
	v (mph)
	v (ft/s)
	y (s)

	20
	29.4
	2.6

	25
	36.75
	3.0

	30
	44.1
	3.5

	35
	51.45
	3.9

	40
	58.8
	4.3

	50
	73.5
	5.1

	60
	88.2
	5.9

	
	

	
	

	
	


The yellow time formula is only a guideline; each jurisdiction determines their own table of preferred yellow times as a function of either posted speed or measured speed. 

Typical limits on yellow time are 3 to 5 s. For the 60 mph case, that means a pitfall. Solution:  don’t allow signals with 60 mph speed! That’s why speed limits on high-speed roads often drop to 45 mph when approaching an intersection. If you keep going 60, prepare to break hard – you’ll have to!

1.5. All-Red Clearance Time

If a car enters the intersection at the last moment of yellow, it may not be safe to start a conflicting stream’s green. An all-red time can be used to clear the intersection. The ITE formula (a recommendation, not a standard) provides enough time for a car entering in the last moment of red to be completely out of the intersection before a conflicting stream sees green:

all-red = (d + Lvehicle) / v

where d = distance from stop line to far curb. For Lvehicle use 16 ft (can use longer if particular concern is long vehicles). Here’s a table of values calculated from that formula, assuming the stopline is set back 15 ft from the near curb (to allow a crosswalk), and assuming 11-ft wide travel lanes, 8-ft parking lanes, and 6-ft shoulders: 

	v
	v
	
	d
	all-red

	(mph)
	(ft/s)
	cross street description
	(ft)
	(s)

	30
	44.1
	2 travel lanes, 2 parking lanes
	53
	1.6

	30
	44.1
	7 travel lanes, 2 shoulders
	111
	2.9

	20
	29.4
	left turn across 7 lanes and a median
	120
	4.6


The all-red times produced by this formula are often considered unrealistic, and so the ITE formula isn’t widely accepted. Boston, for example, typically uses 0.5 s. Even where people use the ITE formula, an upper limit of 2 s is usually applied, which is far from sufficient for slow movements across wide streets. (Think about calculating clearance time for a 3-car light rail vehicle that has a stop at the far side of the intersection, and therefore has to pass through the intersection slowly – it could easily be 20 seconds!)
Why is the ITE clearance time formula overly conservative? Because:
· It doesn’t account for time needed by cars in the imminent conflicting stream to react to green, and then to accelerate far enough into the intersection to hit the clearing car
· It doesn’t recognize that drivers, when getting a green, look to see if the intersection is clear before proceeding (as most states’ law, including those of Massachusetts, require!)

· It requires the departing car to clear the entire intersection, when it would be enough to clear the conflict zone.

A different clearance time formula, one that accounts for the first two of the factors given above, is used in many European countries. It produces much more realistic all-red times, and is applied as a standard (not a guideline).
1.6. Active dilemma zone protection
Proper yellow timing eliminates the dilemma zone if all cars have the same speed, reaction time, and braking rate. But, of course, they don’t; so it really isn’t possible to eliminate everybody’s dilemma zone. For example, if you have selected the ideal yellow time for a car going 50 ft/s, and a car approaches at 60 ft/s, that car will have a pitfall zone. Likewise, if you design for somebody to react in 1.0 s, but a driver comes along who needs 1.3 s to react.

So there are systems for “active dilemma zone protection.” They determine the zone in which drivers might be in a pitfall based on a plausible range of speeds, reaction times, and braking rates. Using detectors, they inhibit the onset of yellow while a car is in that zone. Sometimes it’s done for trucks only (trucks running red lights are especially deadly). In some states, dilemma zone protection is routine, though sometimes only on high-speed roads.  
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