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The purpose of this clinic is to discuss traffic flow during operating sessions.  After mechanical problems with cars or track, the next most frustrating issue that can hurt operations is bad traffic flow.  

Have you ever operated on a layout where every town is a switching puzzle with cars on every siding and you can barely shuffle a car into place and then you have to clear up for a through train to barrel through town?  A parade of trains is waiting to get into the yard and the yardmaster is pulling his/her hair out (and not getting any trains out)?  Perhaps these may be occasional situations on the prototype, but you can bet the operations department is working to prevent them.

Traffic Flow

Freight cars come from some place and go to some place.  Traditional model railroading texts advocated “paired industries”.  A stock yard and a slaughter house.  A coal mine and a power plant.  And don’t have more than one of anything.

Today, the concept of off-line destinations has come into its own.  Interchange tracks (or even interchange yards) connect with other railroads.  Multiple coal mines (or ore mines, logging camps, big industries, power plants) develop adequate traffic.  Staging tracks provide places for trains to come from and go to.  Layouts that do feature a certain commodity primarily produce “it” or consume “it”, rarely both.

No longer is the “ideal model railroad” a point to point layout with a classification yard at each end, with traffic bouncing back and forth between the two yards.  Today the classification yard is viewed as only a temporary holding point until a car can match up with the right train going in the right direction.

Queues

A queue is a fancy British term for a waiting line.  You queue up at a bank waiting for the next teller.  Railroad cars, especially on a model railroad, spend more time waiting for something to happen than on the move.  When I asked a professor of queuing theory during my Operations Research degree work about the situation on model railroads, she immediately suggested that the key was understanding where and how long cars wait.  Selective compression generally implies that the travel time of the car from where it started during an operating session to where it is going is minimal, and can be ignored. 

When sizing our rolling stock fleet to the layout (or vice-versa), we may consider that at any given moment, most cars are waiting to do something.  Cars are either: 

· waiting at an industry to be unloaded and/or loaded

· waiting at an interchange 

· waiting in a train on a staging track

· waiting in the classification yard for the next train

· waiting on empty car tracks (home road cars only, generally)

· enroute on a train.

Car Calculations by location type

The following ratios are suggested for determining how many cars a given layout design can handle.  These calculations are intended to be based upon the status of the layout in between operating sessions.

1. Industrial Trackage - 40 to 60% loading.

Tracks with multiple spots, switchbacks, other intricate switching.  At about 50% loading, switching becomes difficult as you begin switching “holes” around rather than cars.

2. Interchange - 80 to 90% loading

Tracks used for a single destination, such as an interchange or a lead or connection with a plant switcher at an unmodeled industry.  As such, there is not a lot of “maneuvering room” needed to pickup and deliver cars.

3. Staging 80 to 90% loading

Tracks used to simulate offline originations and destinations.  Holds entire trains.  May be multiple train lengths long.   Assumption is through trains will be sized to the staging track size (or vice versa).  The 80% to 90% assumes “dead” staging – the trains are simply parked for the remainder of the session.  

4. Classification Yard - 30 to 60% loading  

Remember, the classification yard itself is NOT a destination.  These tracks used solely for classification of cars waiting for outbound trains.  I prefer to go with a ratio under 50% to leave plenty of excess capacity available.  

5.  Empty Car Storage -  80% loading

Not very many layouts have dedicated empty car storage for home cars.  These tracks would be out in the “low rent district”.  Foreign empties would proceed back to their home roads once empty via interchange or staging.

6. Enroute trains at end of session - 80% loading

If your sessions end with trains on the layout which will be picked up by crews at the beginning of the next session, then you can take into account those cars.   

What Trains to Run

As part of tabulating car capacities, it helps to make a schematic of the layout.  This allows a visualization of traffic sources and destinations.   During the tabulation, consolidate sidings into groups which have sufficient capacity to run a local.  The most common local train length I have encountered is about 8 to 10 cars, so you want to accumulate groupings of sidings into 16 to 20 cars worth of capacity.  If you have a large town where it does not make sense to subdivide, then run two or more locals per session.  If you have a small town with few sidings, group it with its neighbors.

After you have chosen your locals, you next need to determine where they will originate and terminate.  If they are run as “turns” they will originate and terminate in the same location, and will this be online or offline (staging).  If it is online, will it be based out of a classification yard, or will it be a town or plant switcher.  Note you will still need some “classification” tracks even if the local is not operated out of a full-blown classification yard.

This local traffic generally must transfer to and from through trains.  If this occurs online (and not at some off-stage location), we now need another rule of queues – at any given time, on the average about ½ of the cars that are waiting makeup into any given train will be present.  Check to see if the expected number of cars awaiting the various trains that will operate out of this location will meet the classification ratio.  If your classification yard is overloaded (by the numbers or by experience), please consider the list of ideas to “unclog the yard” at the end of this clinic.

Classification Yard Capacity

On the average, half of the cars for any given type of train will be waiting in the yard.  There will be very few cars waiting for those that have just left, almost a full train length for trains that are just about to leave.

90% of the time there will be less than X + 1.28 times the square root of X cars in the yard if X is the average loading of the yard.  (Stats 101 – this is the Poisson distribution, and assumes all cars are routed independently and randomly.  This equation was revised 7/12/04 to correct a previous error.)

Application 

Here is my suggested method to perform a traffic flow analysis

· Draw your schematic (note – the BH&BF schematic is available on this website)

· Tabulate all track capacities

· Apply the ratios to determine how many cars the layout will support 

· Determine which trains will be run (locals and through)

· Balance the classification yard

The results let you know how many cars your layout can handle, and also can be used to plan out which trains to run.  

The table below supplies an example from my home layout, the Burnt Hills and Big Flats, an N scale 14 foot by 19 foot layout.

	Burnt Hills and Big Flats Traffic Sources
	Capacity
	1st 
Shift
	2nd 
Shift
	Total

Cars
	Trains
	Mayfield 
queue

	Southern Interchanges
	 
	80% capacity 
	96
	 
	 

	LV Coxton Yard
	1 - 10 car train
1 - 16 car train
	18
	18
	 
	2 transfers,
 NE-84 block
	5

	E-L Hampden Yd
	16 cars
	12
	 
	 
	3 BF Locals
	2

	E-L Taylor Yard
	16 cars 
	14
	14
	 
	1 transfer, Oswego Block
	7

	CNJ Scranton
	26 cars
	20
	 
	 
	3 Scranton Locals
	4

	Coal Breakers
	 
	70% capacity 
	25
	 
	 

	Northwest Breaker
	18 cars
	12
	 
	 
	NW Local
	6

	Ontario
	3 cars
	1.5
	 
	 
	3 BF Locals
	0.3

	Mason
	3 cars
	1.5
	 
	 
	3 BF Locals
	0.3

	Delaware
	12 cars
	8
	 
	 
	3 BF Locals
	1.5

	Big Flats Loader
	3 cars
	2
	 
	 
	3 BF Locals
	0.3

	On Line Industries
	 
	50% capacity 
	36
	 
	 

	Big Flats
	6 cars
	4
	 
	 
	3 BF Locals
	0.6

	Scranton
	6 cars
	3
	 
	 
	3 Scranton Locals
	0.6

	Mason
	2 cars
	1
	 
	 
	3 BF Locals
	0.2

	Mayfield (incl. W and X)
	16 cars
	8
	 
	 
	Mayfield Yd
	 

	Pleasant Mount
	3 cars
	1
	 
	 
	NW Local
	0.2

	Smyrna
	10 cars
	6
	 
	 
	2 BH Locals
	1

	Burnt Hills
	12 cars
	7
	 
	 
	2 BH Locals
	1

	Sidney
	12 cars
	6
	 
	 
	Sid Local
	1

	Delhi Branch
	 
	80% capacity 
	8
	 
	 

	Delhi
	1 - 10 car train
	 
	8
	 
	 
	(from Norwich)

	Northern Staging
	 
	80% capacity 
	126
	 
	 

	D&H
	3 - 16 car 
trains
	24
	12
	 
	2 transfers,
NE-87 block
	8

	Norwich
	2 - 12 car trains
	10
	10
	 
	 
	5

	Utica
	2 16 car trains
	14
	14
	 
	 
	7

	Syracuse
	2 16 car trains
	14
	14
	 
	 
	7

	Oswego
	1 16 car train
	14
	 
	 
	EL Coal Train
	4

	Classification
	 
	40% capacity 
	72
	 
	 

	Mayfield
	150 cars
	60
	 
	 
	 
	62

	Sidney
	30 cars
	12
	 
	 
	 
	 

	TOTAL
	 
	273
	90
	363
	 
	 


Total cars on the layout – 273 (90 get repositioned by second shift staged trains).  Average number of cars waiting at Mayfield Yard = 62, which is 40% of capacity.

Traffic flow example – the Hanford branch on the Tri Cities Model Railroaders (Richland, WA)

When I went to establish realistic operations on the local club layout, I was faced with a challenge.  One of the two main classification yards was at the end of a short branch.  There was a yard with a capacity of more than 40 cars and a full engine terminal, yet on the entire branch there were only spots for about 16 cars at industries.  So perhaps there was enough traffic to draw an eight car local down the branch once a session.

The key turned out to be three tracks along side the yard that were reserved as a passenger terminal.  Don’t take me as being against passenger ops (a whole ‘nother subject), but there simply was no one in the club with that great of an interest in passenger trains.  Therefore the 3 tracks were renamed the Union Pacific interchange.  This now provided 25 freight cars of destination.  This provided some meaning to the branch, and work to keep two switching crews busy.

I hope this clinic will interest you in analyzing your layout, and provides many fun operating sessions.

Appendix – HINTS ON UNCLOGGING THE YARD

Usually the choke point on a model railroad is its yard.  Here are some considerations:

Operating philosophy – don’t make up trains.  Break down trains.  Hunting for cars from various tracks to make a train is very inefficient.  Pull a track (or incoming train) and completely classify it.  

Have through trains bypass the yard, or only pause to setout and pickup a limited number of cars.

Make sure engine movements and caboose movements are efficient

Rule of Thumb – if trains are running randomly, on the average, one half of all of the cars for every train will be in the yard.

If you need to save yard capacity, don’t run trains randomly – set up the sequence of trains such  that if a train drops of cars, they are intended for the next couple of trains.  Pickups should also be planned so that they pickup from a recent arrival.

Run multiple “copies” of the same train.  This will reduce the number of cars waiting for the train.

Run unit trains

Pass blocks of cars from one train to another that do not require sorting

Station a second crew to handle local industries, hostle, or even secondary classification

Double end yard tracks

Have crews block cars before they arrive at the yard.   Pre-block trains that start in staging

Give road crews a place to pickup and setout blocks to locals away from the main yard (sweeper trains)

Start the session with the yard well organized (don’t worry, things will go to heck fast enough without starting the crew behind the eight ball).

Give locals a place to organize their trains away from the main yard.

