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Several have asked for more detail on the capacity issue. Here is the best information (from Tom Rubin) I know of on freeway and light rail capacities. I think I need to make some more adjustments to my capacity comparison table. 
-----------------------------------------------------
THOMAS A. RUBIN, CPA, CMA, CMC, CIA, CGFM, CFM
Thomas A. Rubin, Consultant
Governmental Transportation & Public Sector Finance
2007 Bywood Drive
Oakland, California  94602-1937
Phone/FAX:  (510) 531-0624
tarubin@earthlink.net
----- Original Message -----
From: <STEPHANLOU@aol.com>
To: <transport-policy@yahoogroups.com>
Sent: Friday, March 09, 2001 1:21 PM
Subject: [transport-policy] Light rail realities


> I am eager to learn more about a proposed light rail line that will
> pass within a mile of my home in Cincinnati.
>
> If the line will carry as much traffic as six lanes of expressway,
> how many rail cars would it take to accomplish this on a nineteen
> mile line? How long to board and disembark? How long will Hwy.
> traffic that the rail crosses be stopped during rush hour?

Well, first, it won't carry anything close to six lanes worth of traffic.
In fact, it would be exceptional if it would carry more than one-third lane.

For peak periods in the U.S., at "level of service" "F" (the worst of the
six standard classifications for traffic, which run from "A" to "F"), a
freeway lane will carry approximately 1,700 to 2,600 vehicles per hour, with
about 2,000-2,100 being about the norm (there are very few freeways that
routinely get much abot 2,300).  If you figure on an average vehicle
occupancy of approximately 1.15 to 1.20 persons at peak (high occupancy
vehicles lanes will be much higher, up to an exceeding 3.0) and a speed of
approximately 25 miles per hour in the most heavily traveled area, then we
can measure throughput in two ways.  The first is people past a point per
hour, which is, let's say 2,000 vehicles x 1.15 occupants per vehicle =
2,300.  While this is useful, the other concept, known as "transportation
work," is more useful for most purposes.  Here, we take the persons past a
point (2,300) and multiply it by the average speed (25 mph) to get passenger
miles per hour, in this case, approximately 57,500.  This is best used as an
"index" number so you can make comparisons to other modes of transportation.
(By the way, while all the numbers above are certainly in the reasonable
range, there is not any one, single, "right" value.  Depending upon which
road at which time of day, etc., things can easily go up or down 5-10%, and
even 25% would not be completely out of line.)

Turning now to light rail, we have four, rather than three, variables.  The
first is headway, the time between subsequent trains, which gets turned into
trains per hour.  If we have a five minute headway, which is about as low as
surface running light rail, or light rail with at-grade street crossings,
can get, then you have 12 trains an hour.  If you have a ten minute headway,
you get six trains an hour.

Second, we need the "consist," the number of cars per train.  During peak
periods, two cars per train is the most common, with a few lines having
three.  The problem you get into is, three-car trains can be as long as 240
to almost 300 feet (90 feet is a very common length for light rail vehicles)
and that is longer than the blocks in many cities, especially in older
downtowns.  Therefore, if you had a street-running light rail train that
stopped for a red light, it could block the street behind it.  There are a
very few special cases where trains of four cars are operated, but they
really aren't applicable to this situation, so I'll skip them for now (if
you're really interested, ask).

Third, we get the occupancy per car.  There are a number of concepts here,
which are, more-or-less from the lowest to the highest, (1) average load,
(2) seated load, (3) service load, and (4) crush load.  I'm going to take
things a little out of order and start with seated load, which is,
obviously, the number of seats in each car.  This will vary depending upon
the length of the car, if it is low-floor or not (they generally have about
four to six fewer seats), etc., but for those 90-footers I was talking
about, it is generally around 72 to 76.  For 80-footers (also very common),
maybe about 10 ten less.

Average load is simply the average number of people on the train on a
peak-period, peak direction one-way trip.  Unlike freeways, the loads on
transit vehicles generally start out very low, increase as the peak load
point (generally the "leading edge" of the central business district[CBD])
is reached, and then decline to the end of the run.  "Single-ended" routes
(those that run to, but not THROUGH, the CBD) will have higher average loads
on the morning in-bound commute than "through" lines that have track on each
side of the CBD.  In general, the average load for this type of peak trip is
something less than the seated load.  This will vary significantly, but
let's go with 80%.  To me, when I'm measuring the carrying capacity of
various alternative guideway transportation media, average capacity is the
most useful.  There are other ways of doing this, which I'll get to.

"Service Load" is set by each transit agency as the maximum number of people
it would like to have on board at the peak load point, assuming a "standard"
distribution of passenger loadings (in other words, average load for all
trains during the peak hour).  This will vary from agency to agency, and
generally is increased as the loads on the line increase, which usually
happens as lines are in service for a few years.  Let's say 200% of
seated load, or approximately 150 per car for that "standard" high floor
90-footer we've been talking about.

Crush load is pretty close the maximum number of people you are going to be
able to get on that train and still be able to get people in and out at
stations.  The international standard for crush load is eight people per
square meter of standing space, which, if your work it out, means each
person gets a square about 14 inches square to stand on.  You then assume
that all the seats are occupied (with one person each).  On the high-floor
90-footers I'm talking about, crush load is normally about 225-230.
Understand that you absolutely cannot schedule service (determine the number
of trains per hour required to carry a predicted load) with the crush load
factor for the simple reason that there are always variations in when
passengers arrive.  If you scheduled everything at absolute crush load and
there is any kind of normal quirk in passenger arrivals, say a bus that
arrives at a light rail station and lets off its load late, so the
passengers get passed on to the next train, well, there is simply no place
to put them.  You schedule for service load, and you have some slack to
cover the normal ups and downs that occur every day of the year.  Also,
think about those eight people standing in one-meter square box - you really
think anybody will want to travel like that?  The 200% seated load of 150%
works out to between three and four people per square meter, and that only
for one or two station segments, and that's normally bad enough for most
people.

Crush load does have one other use - when you are trying to clear a statium
after the Superbowl, or some such huge event.  In this case, you can pack
the trains to the max, most people will do it without a whole lot of pushing
because they want to get out of Dodge.  Because there will be almost no one
who is picked up at the downstream stations, this will work.  If you don't
do this, it can take hours to clear all the people who want to leave.  (For
example, let's take the 1998 Superbowl in San Diego.  It is served by light
rail, but it is almost at the end of the line, with only one station on one
side.  Therefore, the vast majority of the people are going in one direction
only.  Even if the run three-car trains at 5 minute headways with 225 per
car, that's 8,100 people per hour.  With full heavy rail, like at Yankee or
Shea Statium, you can clear upwards of 50,000 per hour.  Light rail just
doesn't have the capacity to move major crowds.  Heavy rail has a lot more,
and a well-designed bus system can beat anything.  Also, of course, it will
help if you don't try to push so many trains down the line so quickly that
you blow every fuse in the joint, like they did in San Diego.  (Once you get
225 or so people into a small space and close the doors [so no one else can
try to get in], people get upset when the train doesn't start moving
immediately, and sometimes you make bad mistakes, and get caught.)

OK, that leaves the fourth factor, speed.  Light rail is generally not real
fast.  The national average speed is a lot closer to 15 mph than to 20 mph,
and there are many light rail systems that don't hit 15 mph.  The key
factors are, (1) how much separated right-of-way, where it can go full speed
(normally, about 55 mph), (2) how much street running on joint use lanes,
where you've got cars in the same lanes, where even 15 mph is very
difficult, (3) do you get traffic signal preference, which can make a
difference of as much as five mph or more, (4) distance between stations.
Most "modern" light rail system average about a mile, closer in the CBD,
further apart as you get further into the boonies.

OK, let's do our numbers.  I'll assume six minute headway, ten trains an
hour, which is a lot more than most light rail lines operate at peak.  I'll
assume two-car consists.  I'll go with an average passenger load of 100% of
seated load of 75, which is also well on the high side.  That gives you
1,500 people an hour past a point, which is about  65% of the 2,300 in the
general purpose freeway lane comparison.  As to speed, I'll go with 18 mph,
which is also above average, and we get 27,000, which is a bit under half of
the 57,500 we got for our freeway lane.

Understand, this comparison was tilted a whole bunch in the favor of light
rail.  All the assumptions for light rail are at least a bit on the high
side.  First, this is peak hour, peak direction.  Off peak, light rail usage
goes down far, FAR faster than does freeway useage.  Actually, believe it or
not, the freeway numbers generally are HIGHER during the midday than they
are during the peak.  How can this be, you ask?

Ever work with a disc drive that was getting too full?  At 70%, no problem.
You reach 80%, probably still no sweat.  90%, getting noticable.  95%, this
is getting bad.  98% - bring a good book to read.

Highways work much the same way.  You drop even 10% from the peak period
load and the average speed can more than double.  As a result, rather than
2,000 cars doing 25 mph, you may have 1,500 doing 65 mph.  Do the math, the
second creates far more transportation work.

By the same token, even during peak periods, most freeways are not solid LOS
"F."  You may be going along at 50-55 for quite a while before you get the
really heavy segment.  (Of course, in the heaviest of the heavy, you may be
doing 10 mph, but that is generally not a condition that you see every
place).  WATCH THIS SPACE FOR ALL THE PEOPLE WHO SEE IT EVERY DAY, OR SO
THEY WILL SAY.

OK, I've seen variations on that "six freeway lane" stuff for years
(actually, this is the low end of scale - I've seen as high as twelve), and
it is like trying to stick a stake in a vampire, you just can't kill the
mother, it has too many lives.  Let's see what we would have to do to get to
six freeway lanes worth of light rail.

Our value above per freeway lane was 57,500, so six freeway lanes would be
345,000 passenger-miles per hour.  That's our target.  Here goes.

First, we'll assume every car is crush load.  Can't be done, but who cares?
With 225 passengers per car, we now have to hit 1,533 for trains x cars x
speed.  OK, let's assume 25 mph.  There's only OK light rail line in the US
that operates at that speed or faster, but how many people know that.  That
gets us down to 61 cars per hour.  Well, if we assume a three-car train
every three minutes, we've almost there.

If the light rail advocates want to make these assumptions, OK, I won't
object, as long as I can make my own, comparable ones.

First, we'll have 2,000 vehicles, all driven by NASCAR drivers, doing 60
mph.  This can actually be done and is done on a lot of crowded roads, at
least until they hit that hill, or off-ramp, or curve, or whatever, that
slows down the lead pack just a hair and everything goes to pieces behind
it.  If you figure it out, that's 1.8 seconds between cars, and at 60 mph,
that means the front bumbers are 158 feet apart - or, not all that far under
ten car lengths.  Now, of course, each car will be a full-sized van with
nine, no make that 12, oh, what the Hell, 15 passengers.  (Those light rail
people should be glad I'm not insisting on using buses.)

Let's see now, that's 2,000 x 15 x 60 = 1,800,000.  I believe that beats the
345,000 of light rail by just a hair.  Is this at all practical in the real
world?  I think it is every bit as practical as the 345,000 value for the
light rail line.

Thank you, I feel much better now.

Feel free to ask any questions you like, you have a whole bunch of people
who love to show off all that they know.  If you want some "real life"
examples of how real light rail lines work, let us know.

By the way, I hear that Cinci is going after light rail as part of its bid
for the 2012 Olympics - as is Dallas, as is Houston, as is Seattle, and I'm
sure I'm missing a few other places.  You know, I think that there is a
chance that not all of these cities are going to get the Olympics that year.

By the way, light rail is a 50- to 100-year investment decision.  The
Olympics last 16 days.

Tom Rubin
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