Brick-Wall Stops and PRT, by Richard Gronning, June, 2009
------------------------------------------------------------------------------------------------------------

Web sites with discussion items: 
http://faculty.washington.edu/jbs/itrans/LeaTranComp-PRT.pdf
'76-'77 PDF Lea Transit See p 5, par 2. 

Conditions where the lead vehicle stops instantaneously are extremely improbable and the only condition is to insure that catastrophic collisions do not occur. 
Cat. 1 PRT, less than 3 sec headway. 


http://faculty.washington.edu/jbs/itrans/cap2.htm
May '97 Dr. J Edward Anderson. 
   In railroad practice, the minimum headway between trains is determined by the condition that, if one train stopped instantaneously the train behind can stop before a collision occurs. This is called a "brick-wall stop." To provide a margin of safety, the minimum headway is usually taken to be at least two of such stopping distances. Since trains stop on-line so that each would block the train behind, the headway is determined by the flow into and out of stations, and the trains are long. Combining these factors results in minimum headways of around two to three minutes. Thus, train engineers have been baffled by statements that PRT systems could run safely at fractional second headways.
   In a PRT system, all of the stations are off-line, on by-pass guideways. Thus station stopping is not involved in determining the safe main-line headway. As mentioned, in railroad practice the safety philosophy must be that if a brick-wall stop occurs, the train behind must stop before colliding. But, if a train stops instantly, people have already been killed.
   A PRT system runs on an exclusive guideway, usually elevated. Its safety philosophy must and can be that even if there is only one vehicle on the guideway there is no reasonable way for it to stop suddenly. One would like to say that it would be impossible for a vehicle to stop suddenly. Going back to the train, one can design the system so that there will be no collision if there is one major failure. However, suppose the brakes fail just as the train ahead derails. This is what in technical jargon is called "simultaneous major failures", i. e., at least two major failures occurring so close in space and in time that the conditions for a collision are set up. This can happen, but in a well-designed system its probability is so low that we live with it, notwithstanding occasional collisions. 
   Careful analysis of failure modes in a PRT system shows that it is possible to design the system in such a way that a sudden stop can occur only if there are at least two simultaneous major failures plus what is often called an "Act of God" event. In this case the Act of God would be an "out-of-the-blue" voltage pulse of an exact shape and duration needed to throw a solenoid. In a properly designed PRT system, the mean time between such events is measured in millions of years. Using failure-modes-and-effects analysis (FMEA), it is practical to design a PRT system in which the minimum safe headway is well under one second. Such systems will use checked redundant computers and monitoring of every reasonable cause of a failure. For the past two decades, serious PRT designers have designed for headways at least as close as a half second. 
   This year the National Automated Highway System Consortium plans to test ten Buick LeSabres running on a special highway near San Diego at 50 mph at a bumper-to-bumper spacing of only six feet. This corresponds to a 0.3-sec headway. At 30 mph, a more reasonable urban PRT speed, half-second headway corresponds to a nose-to-nose spacing of 22 feet. With nine-foot-long PRT vehicles, a practical length, the bumper-to-bumper spacing is 13 feet. Thus a position tolerance in the range of a few feet would be satisfactory, yet with today's control systems it is practical to control the spacing to a few millimeters.
   If the minimum headway is half a second, the average headway in the rush period will generally be no less than about one second. Thus an average PRT line flow of 3600 vehicles per hour is practical, which is roughly equivalent to two freeway lanes operating under ideal conditions in which a speed of at least 30 mph is maintained. When the speed falls off, as it does every day in congested areas, the throughput of a freeway lane drops rapidly. By comparison with bus systems, if the PRT system averaged only one person per vehicle, a system of 60-passenger buses each full of passengers would have to operate at one minute headways to achieve the same capacity.

http://faculty.washington.edu/jbs/itrans/operation.htm
July,2001 Operation, Control, Hardware and Network Issues by Kim Goltermann
The brick-wall-criterion: In the last few months have I noticed that a great many in the innovative transportation community consider the so-called "brick-wall-criterion" absolutely essential to any future transportation system, which puzzles me, as our most prominent transportation corridors; highways, freeways, expressways, autobahn, autostrada or whatever we choose to call them do not really abide by the brick-wall-criterion; far from it - in fact.
   My own home-brewed definition goes something like this – If a vehicle at speed were suddenly and immediately stopped (by ramming a crossing truck with absolutely fatal consequences to all occupants of the vehicle), then a following vehicle would abide by the brick-wall-criterion if it managed to stop before hitting the first vehicle. I would be pleased to hear of it, if anyone knows of a better definition.
   But does the brick-wall-criterion bear any relevance to our discussion on possible transportation system for tomorrow? If we consider a car at speed, then we know that it cannot suddenly stop. It can decelerate (brake) but it would take a violent collision with something like a solid brick wall to immediately stop a vehicle. Fortunately brick walls don’t appear in front of cars very often, especially not on a highway. On the rare occasion that they do, in the form of a heavy vehicle crossing the stream of traffic, they wreak havoc amidst travellers.
   Highways are restricted access traffic corridors, without crossing traffic or other unforeseen obstacles. This is the basic attraction about highways, and the very reason why they are so relatively useful to us. But they do not abide by the brick-wall-criterion, yet they seem acceptable enough anyway.
   Now we consider the construction of new automated traffic corridors, where access will be even more restricted, better managed and carefully monitored. Can anyone explain to me why the brick-wall-criterion has suddenly become so important? Vehicles on an automated guideway can no more than vehicles on a highway suddenly stop! And the rare and disastrous "brick wall" will be an even more unlikely occurrence on an automated guideway.

http://faculty.washington.edu/jbs/itrans/reynolds23.htm
July 2001 Operation and Control with LSM by Francis D. Reynolds
BRICK WALLS and OTHER SERIOUS IMPEDIMENTS 

I agree with the conclusion shared by many that the "brick-wall-criterion," the ability to make a safe emergency stop even if an immovable object suddenly appears on the guideway, would degrade guideway capacity too much to be practical. At first glance abandoning that criterion may seem rash, but the brick-wall criterion is seldom met on highways these days, and certainly not on the railroads, airways, or seaways. We would do our best to minimize the appearance of brick walls (better than we do in existing systems), but no transportation system has ever been totally safe under all conditions. Dualmode guideways will be no exception.
   However, LSM maglev guideways would be very much safer than highways and railroads. There would be no engines or rotary motors, bearings, transmissions, wheels, tires, wheel-traction, or friction brakes to fail in the guideway mode. Almost nothing in the cars would ever wear in guideway mode. I would expect the mean time between disabling failures for these cars on the guideways to be one to two orders of magnitude greater than MTBFs for conventional self-powered wheeled vehicles. Yet we trust conventional vehicles with unknown inspection and maintenance daily by the millions. Also, LSM cars would be electromagnetically unable to travel in both directions on the same guideway lane; therefore there could be no head-on collisions.  Likewise cars on the guideways could never collide with cars on the highways or railroads.  We still have thousands of lethal grade crossings on our railroads, but we would never build guideway crossings at grade. And on the guideways we would eliminate the greatest source of vehicle accidents, human drivers. 

http://faculty.washington.edu/jbs/itrans/big/PRTfinalreport.pdf
Feb 2007 Booz Allen Hamilton N.J  PDF 
Wait time: The wait time for the original vehicle and the wait time for the transfer vehicle relate directly to the headway of the system for conventional transit systems. These headways could be as short as one minute and over 15 minutes depending on the level of service provided during the day.
The six person Cabintaxi vehicle had a demonstrated headway of 0.5 seconds equaling a theoretical line capacity of 43,200 pphpd assuming all seats are occupied.
Proponents of short PRT headways advocate that the occurrence of such a brick-wall stop is highly unlikely and that a PRT system could be designed to make ...  

http://74.125.95.132/u/washington?q=cache:ay5hUR2VtSgJ:faculty.washington.edu/jbs/itrans/big/santacruzprt.pdf+Brick+wall+stop&cd=13&hl=en&ct=clnk&gl=us&ie=UTF-8
March 2007 PDF report for Santa Cruz. 

See pp 50-54, Concerns.  p52 Brick-wall Stops

 

Definitions:

Headway is defined as the distance from the front of one vehicle to the front of the next vehicle in the line.

Separation is the distance from the front of one vehicle to the rear of another.

Code and Criteria may be considered as law.

Standard is like an ethic. It’s something to consider and to live up to. If a system doesn’t follow a standard, then a full explanation of how the objective of the standard has been met should be presented.

Discussion of the remarks above:
The discussion of Safe Headway and the Brick-Wall Stop seems to have begun in 1976 with the Lea Transit report on PRT. Because of The Lea report concluded that there were 2 categories of PRT; those that needed 3 second headway because of platooning and those that didn't. Those that didn't were classified as, "Cat. 1" and those that did were, "Cat. 2." While not really giving any reasons for their conclusion, the Lea Report said that stops were extremely improbable. 

We must understand the categories that we are discussing. A "criteria" and a "code" are like a law. They have to be obeyed. A "standard" is an item to be considered. If it is to be disregarded, then the safety of the system regarding this "standard should be either proven or explained. PRT is an APM. APM standards include brick-wall stops. Therefore, PRT must either, 1) Obey brick-wall stop standard, 2) Explain why it is safe without it, 3) Prove that it can operate safely without it. Probably, the last two items will be the rule of the day.

Dr. J. Edward Anderson has done the majority of work in assessing the paradigm of PRT. To begin with Ed has us view the difference between the railroad and PRT. All stops with PRT are on off-line stations. There aren’t any stations on-line! That eliminates a major source of brick-wall stops. Ed says that a sudden stop can occur only if, at least two simultaneous major failures plus, what is often called an, "Act of God" event." Further a PRT system will use, "redundant computers and monitoring of every reasonable cause of a failure."

Ed points out an example of the automated highway system experiment by San Diego. It actually occurred and ran for several thousand total hours with no mishap. It ran at 60 mph not 50 mph but proved that automated systems could be safely used at 0.3 second spacing. 

Kim Goltermann points out that our most prominent transportation corridors; highways, freeways, expressways, autobahn, autostrada or whatever we choose to call them do not really abide by the brick-wall-criterion; far from it - in fact.

Francis D. Rynolds goes on in the same vein to say that present systems of highways, railroads, airways, and seaways don't meet any brick-wall standards. Anybody driving on a freeway within a metropolitan area these days can witness auto spacing of less than 1/4 second spacing at over 60 mph. The thing is that freeways are limited access corridors without crossing traffic. How much more controlled, less accessible by other traffic, better managed and carefully monitored would a PRT system be?

The Booz Allen N.J. report allows that Cabintaxi demonstrated a headway of 0.5 seconds and that was in the '70s. A reputable consulting firm didn't think the brick-wall stop was necessary.


My Conclusions:
· There seems to be a concern about the safety of a headway of less than 3 seconds. This is based upon the rail road "criteria" of a brick-wall stop. The "criteria," was rolled over into the APM world as a "standard." 

· The following reasons can be argued for having less than a 2 second headway, (which would actually allow a modern PRT vehicle adequate "brick-wall stop.")  

· Off-line stations, 

·  Redundant computer operating systems, 

· No moving break systems to fail, slip, or wear out, 

· Breaking by LIMs, LSMs, etc. would be far more precise than anything built yet, 

· Proof of automated systems with the San Diego Automated Highway test, 

·  Present systems operated by human beings of highways, rails, airways, and ships that don't abide by the brick-wall stop standard, 

· Morgantown GRT system has operated an elevated track for more than 30 years without encountering a circumstance that might warrant a brick-wall stop, 

· An elevated track is less accessible to any obstacle or impediment than just about any transportation system ever built, 

· PRT guideways are far more one-way systems than anything built yet,

· The human-error factor of vehicles operated by people has been removed.

· What will probably happen with PRT is that the first systems will abide by the APM standard at first. As the system is used, experience will be gained. Within a certain period of time, a maximum of 3 years, and a minimum of 9 months, the tested system will be eventually reduced to the 1/2 second recommended. The first reduction will probably take several months. The intermediate reductions, down to 1 second will occur rather rapidly, and the steps down to 1/2 second will take a bit longer.

