How to build a better model railroad the first time
(Parts 3&4) Benchwork and more track planning
I had originally written this as two separate parts. However these two topics are
so closely related that I decided to combine them.
Which comes first, the track plan or the benchwork? Well they are so
interdependent that it’s necessary to consider both at the same time. The
benchwork’s sole purpose is to support the model railroad. It should be shaped to
do only this. In my opinion, the model railroad should not have its shape, and its
track layout, dictated by the shape of the benchwork. This is one of the potential
problems with the traditional 4’x8’ plywood train table. Now plenty of decent
layouts have been built on 4’x8’ tables; and there are tricks that can help the
appearance of a 4’x8’ layout. However; again in my opinion, the most realisticlooking model railroads are built with benchwork that more closely resembles the
very long and very skinny shape of a real railroad’s “right-of-way.” This is the
actual land on which a real railroad is built. It is typically many miles long, but only
about 100 feet wide.
Such a shape can easily be made using sections bolted together to form an alongthe-walls, shelf style, layout.

This drawing shows a simple section that I designed for a friend’s N-scale home
layout.

His
layout was built to fit in a bedroom. However the same basic design can easily be
adapted to fit into other spaces of nearly any shape and/or size. It can also be
adapted for use with other scales. The main dimensions of depth, length, and
height, are designated only as ‘A’, ‘B’, and ‘C’ (respectively) because they will need
to be adapted to your available space, and favorite modeling scale. An eye-level
layout won‘t need as tall a backdrop as one mounted lower. You may opt for a
lower backdrop and/or lower layout mounting level, in order to not block the
windows in the train room. If you do end up mounting your layout low, consider
operating it from a rolling office chair. Perhaps the track can be at your (sitting)
eye level. Then you will be able to reach the rear of even a 36” deep layout by just
standing up. On the other hand, it might be necessary to mount the layout high
enough to be above the furniture in the room.
It’s also very handy to be able to take a section to a workbench, or table, and work
on it sitting down. You can then turn the section upside-down to work on wiring,
switch machine installation, and any other traditionally “under-the-table” tasks.
This is immensely easier than the more common method of crawling under the
table and working above your head. [Soldering above your head is often quite

painful when hot solder drips down your arm causing you to spring up and bash
your head into the many sharp track nail tips protruding from the bottom of the
plywood! Please don’t ask how I know this! I’m trying to erase the memory of how
I learned to cuss at a young and tender age!] Once you try working on an upsidedown section, while seated in a comfortable chair, you’ll see how very much easier
it is!
Every section of your layout does not need to be the exact same shape and size.
Deeper sections will be needed to accommodate turn back loops for continuous
running, yards, large terminals, etc. These larger sections can be made up of two
standard size sections, (recommended) or as one piece affairs. Just make sure that
they will fit on your workbench, and through the doors of your home. The length
of at least one section may need to be shortened to fit the space left over beyond
the last standard-length section on a wall. So there will likely be a few short
sections.
A pair of ¼-20 hex-head bolts, flat washers, and hex nuts is sufficient to fasten
sections end-to- end. “Tee nuts”, that seat themselves into the wood, can be
substituted for one washer and the hex nut in each set of fasteners if you wish.
Any and all wires that cross from one section to the next should be connected by
with plugs (ideal) or terminal strips. (The latter is OK, but only if the sections will
seldom be moved.)
If at all possible, attach the sections to the wall studs with lag bolts and washers.
Attaching them just to the plasterboard itself with toggle bolts, or expanding
anchors is definitely not recommended. Sooner, or later someone will push down
on it, or a kid will hang down from the benchwork; and tear it away from the wall.
The 2”x4” wooden studs are usually mounted every 16” or so inside a
plasterboard home interior wall. Start at a corner of the room and measure 16”
along the bottom of the wall. Drill a small 1/16” hole 3” up from the floor, where it
will be above the 2”x 4” bottom frame member, and won’t show as much as it
would if drilled at layout height. You may have to drill other holes 1” on either side
of the first hole until you strike solid wood. Once you find the first stud, measure
another 16” from it further along the bottom of the wall, and drill another
exploratory hole 3” above the floor. Ideally, each section should be bolted to at
least two studs. If you are attaching the sections to a concrete, or cinder block,
basement wall, use heavy-duty anchor bolts designed for these materials.
The front of the section should be supported by “knee braces” lag bolted to the
wall studs, and screwed to the front of the section’s frame as shown in the “side

view” at the right. Conventional legs, extending from the section’s frame down to
the floor, could be used instead, but are not as rigid as the knee braces.
If you rent, are married, or are subject to some other draconian prohibition
against drilling holes in the walls, conventional legs, front and back, will be
needed. Use 1”x2” diagonal cross bracing between the legs for stability.
Building each member of the section’s frame as an “L-girder” or “Tee,” as shown in
the circular inset, will prevent warping of the wood pieces that make up the
section. Painting, or sealing, all the wood against moisture is also strongly
recommended to fight warping.
Now let’s look at how we might use these 4’ long, 18” deep sections to build some
basic layouts in a 9’x12’ spare room. If you have less space, or more, the number
of sections can be varied to suit your space.

Sketch #1 shows a loop-to-loop track plan that will support continuous running of
two trains in HO, N, or Z scales.

The 18” radius used on the inner loops is a little tight for some longer HO-scale
locos and cars. The 22” radius outer loop should accommodate most HO
equipment. This track plan, just as it stands, would be excellent for N-scale, or Zscale, and would easily handle any length equipment in either of these smaller
scales. More plans, using the tighter curves possible in these smaller scales will
follow.
Note the door in the lower right corner. Leaving room for it to swing inward takes
up some space, but even If we remounted the door to open outward we wouldn’t
gain all that much more layout area. The end loops on the lower left could be
moved slightly to the right, but not much, if we want to maintain a three foot aisle
width. I consider three feet a bare minimum aisle width. Two adults, unless both
are anorexic fashion models, can just barely get past each other in a three foot
aisle.
Also note that all track is within a three foot reach from either an aisle, or the
access hole at the upper right. Yes that hole is a dreaded “duck under” and yes, I
detest them, but given the small size of the room, I didn’t have any other choice.
This track plan may look a bit intimidating to a new modeler. There’s a lot of track,
and many turnouts. However, you don’t have to build everything at once. This is
another big advantage of sectional construction. The layout can be built one
section at a time. The dotted lines on the sketch represent the joints between
adjacent sections. If you look at the track and turnouts within each section’s
dotted boundaries, you’ll see that each has a smaller, simpler, quite “doable”
amount of track. The most complex would be the “yard throat” or string of five
turnouts, in section ‘C’. However, a similar yard throat, on any railroad, will need
to have multiple turnouts; and won’t be any simpler on any other track plan that
includes a five track yard. You could have fewer tracks if you wish. That same
section also contains a sixth turnout, to the left of, and slightly lower than, the
yard throat. This, along with one of the three turnouts in section ‘B’, forms a “drill
track” where a yard switcher can move cars without blocking the main line. This
drill track could be eliminated which would save two turnouts and a little track,
but that will make the switcher’s job a lot harder. The other two turnouts in
section ‘B’, and two in section ‘I’, form two crossovers which allow a train to cross
from one loop to the other and back. They are essential since they let a train get to
any part of the layout’s track.

Sections ‘G’, ‘H’, and ‘I’ contain a “reverse loop” inside the two main line loops. It
could also be eliminated, but would mean that trains could not change their
direction of travel. Reverse loops need insulated rail joiners in both rails and
possibly some special wiring, depending on which control system you use. DCC can
get by with only a pair off insulated joiners and a commercial circuit called a “Frog
Juicer.” DC will require an isolated “X-section” of track and some means of
reversing the electrical polarity of this X-section. This can be a simple, handoperated toggle switch or some form of automated system. I’ll deal with wiring in
a future part of this series.
Finally note the industrial spurs in sections ‘E’, ‘F’, and ‘G’. They let freight be
picked up and dropped off to simulate the operation of a real railroad. There is
space to add more spurs, structures, and scenery as desired. Although the plan
does have plenty of track, it also leaves some space for these other things too.

Sketch #2 Takes advantage of the smaller curve radii that N-scale and Z-scale can
use.

It is the same basic loop-to-loop configuration as sketch #1, but leaves a good deal
more open space in the middle of the room. The section depth has been reduced
from 18” to 16”. The outer loop now has 16” radius curves and the inner loop uses
a 14” radius.
While most N-scale equipment can make it around even tighter radius curves, like
those in sketch #3, some equipment won’t be reliable on those tighter curves. I
found this out the hard way when I bought two Kato Mikado 2-8-2 steam
locomotives. They could (at least theoretically) traverse 11” radius curves, but they
derailed a lot even on the 12” minimum radius I had built into my layout. After
extensive real-world testing, I found that 16” was actually the minimum radius
where they would stay on the rails quite reliably. So I ripped up the 12” curves and
switched to a 16” minimum.
Notice that the actual amount of layout that will fit in our little 9’x12’ room didn’t
increase appreciably by going to N-scale and reducing the curve radius and the
depth of the benchwork. This illustrates one of the common “semi-myths” about
the space requirement relationship between HO and N scales. It is often assumed
that, “You can get twice as much railroad into the same space by switching from
HO-scale to N-scale.” Well you can, sort of, but there are other factors in play. The
size of the room, necessity for aisles wide enough to accommodate people, and
the practical radii differences between the two scales, can limit how long a main
line will really fit. In our 9’x12’ room example, it’s not practical to add a peninsula
of benchwork, for a longer main line, and still maintain a three foot aisle. More
doable, perhaps, would be the track cramming common in many 4’x8’ layouts. If
you don’t care that there is track virtually everywhere, and practically no space left
for anything else, then I guess you could get twice the amount of N-scale track in
the same space occupied by an HO-scale layout; or the same amount of track in
half the space. I, for one, wouldn’t want to do either. Such track cramming
experiments are not going to produce anything that even remotely resembles a
real railroad; and for me, that’s what the hobby is all about.

Sketch #3 carries the reduced curve radii notion on down to the limits.

Some modelers are so cramped for available space that broad curves, and big
locos & cars are simply not practical. Still, any model railroad is better than no
model railroad! We will just have to stick with smaller equipment on tighter
curves, but we can still have fun!
In sketch #3 the sections are 4’x 18” and the curve radii are 12” and 10”.
As an additional challenge, the local executive from the supreme estrogen society
has decreed that we may not have the whole 12’ x 9’ room to “waste on those silly
little toy trains.” She has grudgingly permitted us to use only one wall, and two
corners.
Fortunately, for us testosterone-bearing peons, by using N-scale we can still fit a
loop-to-loop layout with continuous running for two trains, and a good size freight
yard; even in this restricted space. The downside is that we can’t really run 4-8-8-4
big boys or DD-40AX centennials with much expectation of reliable tracking.
Likewise 85 foot passenger, or freight, cars are likely to have problems on the tight
curves used in this version. All these N-scale models of big equipment can
theoretically operate on these curves, but I certainly don’t recommend it. Cars
and locomotives this long will have pretty severe overhang when traversing such
tight curves. They will look quite unrealistic, and may even hit each other, or line
side obstructions. Also, speaking from real-world, practical, experience; these
giants are going to jump the track often enough to be very frustrating. However, if
we stick to 40’ freight cars, four axle diesels and/or six-drivered steam
locomotives; things can operate quite reliably. The smaller space also means that
the freight yard fills almost half the total layout area. Still we have some industrial
switching, a decent main line and, by golly, an operating model railroad made up
of only four sections, and occupying a total area of only 12 x 3-1/2 feet. If your
available/allowable space is even smaller than this, I suggest forgetting about
continuous running and building a switching layout. They can be plenty of fun, and
eliminating those bulky end loops lets you build a shelf layout in a larger scale if
you prefer.
When the layout has to be small, it’s wise to narrow the focus down to one very
small part of a real railroad’s operations. The yard in sketch #3 is an example of
this. Instead of trying to show trains thundering over the main line from city to
city; we concentrate on yard and industrial switching. Trains are made up and then
disappear to an “off-the-layout” location. The long, straight, back tracks serve as
“the rest of the world “in this scenario. Trains can be parked there while

supposedly running many miles along the line. For this idea to work, these tracks
need to be hidden from sight. Because they will still need the same cleaning and
maintenance as any other track, whatever hides them needs to be removable. The
structure flats behind the yard should be built on a lightweight platform so the
“city block” they occupy can be lifted off to provide access to the back tracks when
necessary. The yard also has room for a little two-stall engine house and some
bare bones engine service facilities. Sorry steam fans; there simply isn’t room for a
turntable and roundhouse, massive coaling dock, and water tower. Thus, diesel
power, with its simpler maintenance needs, may be the wiser choice for this little
layout.
Obviously what can be done in N-scale, in a given space, also applies to Z-scale.
The 12” and 10” radius curves in sketch #3 will work with Z-scale models of even
large, long-wheelbase, equipment.
There is one other configuration for shelf layouts that should be covered. What If
the shelves could go all the way around the room? This can do away with those
bulky turn back loops but still allow continuous running. The four corner curves
can now be broad enough to handle even the largest locomotives and cars. You
can even go to a larger scale with this “all the way around the room” arrangement.
The main line is very long and suitably skinny. The entire middle area of the room
is left open and available for [her] non-railroad purposes. The wide separation
between the four sections of the main line, along the four walls, effectively
disguises the fact that the trains are back to running in circles.

Sketch#4 shows what can be done when you are able to run all the way around
the four walls of a room.

So the O-scale fans don’t feel left out, I drew this one with O-scale in mind. The
42” radius curves should be able to handle most O-scale equipment. Since we are
still confined to our same 9’x 12’ room, getting much of an O-scale layout into it is
quite a challenge! The main line is now a simple oval, but so spread out that it
doesn’t have as much of that “round and round, chasing our tail” look. In fact, with
some judicious use of scenery and view blocks, it can be considered as four
separate scenes.
I managed to shoehorn a small, 96’ turntable and a two-stall engine house into
one corner, and some steam locomotive servicing along one wall. This comes at
the expense of more industries, a town, or much of anything else, in this larger
scale.
HO, N, and Z fans could obviously do more with the same overall space, and the
use of all four walls.
All in all, this is a very realistic looking setup, and an efficient way of getting the
most from the available space. Sounds great doesn’t it? Sounds so good in fact
that there has to be a hidden catch right? Yup, there is.
When the railroad reaches a doorway, we need some way of getting trains across
this “great divide” and still be able to let people get into, and out of, the room.
There are several ways this has been done, some better than others.
First, and by far the worst, is a duck-under. The one advantage of this fiendishly
seductive method is that the track stays permanently connected, which eliminates
the potential problems of lining up the moving rail ends common to all the other
methods. It also eliminates the potential for a train running off the end of the
track, into the yawning abyss, and crashing to the floor!
But your head, back, and other body parts, will pay a pretty severe penalty for
that one advantage. A duck-under forces you to, well; duck under (duh!) the silly
thing every-single-last-time-you-need-to-enter-or-exit-the-room. While this
obvious fact may seem harmless enough theoretically, in reality, sooner or later, or
probably both, you are going to hit some part of your body on the bottom of the
duck-under, causing you to say “SHUCKY DARNS”, “GOLLY GEE WILIKERS” or
something along those lines! The head, neck, and lower spine, seem to be the
prime targets. Even if you miraculously manage to flout Murphy’s Law with total
impunity, and never actually hit any part of your body against the duck under; your
soon-to-be-aching-back will quickly get very sick and tired of bending-and-

unbending-over-and-over-again. This frequent bowing action gets really old really
fast.
So do people!
Before you know it you will get old enough to lose some flexibility and acquire
some arthritis. That “somewhat-less-than- splendidly-convenient” duck-under will
become more of a physical, and psychological, pain the older you get. I use duck
unders only when there is no alternative. The access hole in sketch #1 is an
example.
Second in ease of construction, and inconvenience of daily operation, is the lift-out
section. When it’s lifted out, you have to set it down somewhere, and seldom is
any provision made for this obvious fact. The intrepid modeler typically ends up
setting it on top of some part of the railroad, often causing damage to the lift-out
section itself, or to the part of the railroad he just set it on top of, or both. If you
chose to use a lift-out, I recommend attaching shelves, designed specifically to
hold it, to the walls both inside, and outside, the doorway. Lifts-out sections also
have to be fitted back into place. This usually involves lining up pins or wedges of
some sort. In some cases, rail joiners may need to be slid into place as well. Either
way this fitting back in place routine can get old after a while. Still, it’s better than
a duck-under! However the lifting out, and refitting, routine gets to be enough of a
pain in its own right that you may be tempted to duck under it, and then, you’re
right back where we started, along with all the problems that entailed!
Another common solution is to use a hinged section. This can be designed to tilt
up, or tilt down. The tilt-down option is better. A tilt-up section will bind, and
damage, the rail ends; unless the actual hinge point it pivots around is right at, or
slightly above, the very top of the rails. That usually means having some ugly, hardto-disguise, hinges in plain sight. Also the tilted up section will need to be
supported in its upright position, or else it will fall back onto the layout and
damage itself, and that expensive brass locomotive, or delicate scratch-built
wooden structure, that it will inevitably land on. It also needs to be tilted back,
beyond vertical, and well clear of the path of errant elbows, or possibly the inward
swing of the door.* Besides, this placement assures that the bridging section won’t
fall back down across the doorway where it would be instantly pulverized the next
time anyone opened the door!* Instead it positions the section perfectly to attack
whatever structures or rolling stock it can crash down on top of. If you elect to use

the tilt-up version, it is well worth your time and effort to make the supporting
mechanism as foolproof as possible. Gravity is always working. The latch needs to
be also.
By contrast, the tilt-down version can have the hinge point well below track level
and won’t bind or damage the rail ends. Gravity will do a marvelous job of keeping
it down. If the tilt down section has a model bridge, or some other breakable item,
fastened on top of it, I recommend having it tilt 180 degrees back under the
layout, and safely out of the path of passing humans. To do this, some form of
latch will be needed to hold it in the retracted position. Sketch #4 shows this at the
center right.
In sketch #4, our old nemesis, the door, has quite rudely remained in place; as
such inanimate objects tend to do. We have punished it for this obstinacy by
dismounting it and then re-mounting it to swing outward.*
This is not absolutely necessary, unless you are enough of a masochist to have
used a duck under. But it makes access to the room a bit easier. It also protects
the bridging section from damage by an inward-swinging door should that section
not stay latched firmly back out of the path of charging humans.
The last method is the hinged gate. Like the bottom half of a “Dutch Door,” this
swings horizontally like a normal home door. This is the easiest type to use, since
we humans are quite familiar with opening and closing doors.
The disadvantage of all three types of hinged sections, whether they tilt up, down,
or swing sideways, is that they are harder to build and require very rigid and
accurate carpentry in order to line the rail ends up precisely when they close.
Various guiding pegs, wedges, latches, and rail end adjusters, have been employed
to aid the final alignment of the rail ends. There have been many articles in Model
Railroader Magazine showing how these sections were built. There are likely
several online videos as well.
There have been other, even more elaborate, methods used, but they are way
beyond the ability of the beginners this article is intended for. All these methods,
except the duck-under, present the scary possibility of having a train run off the
end of the track, and falling into the abyss when the moveable section is open. A
section of track on either side of the doorway can, and should, be wired to stop a
train, and prevent this kind of disaster! (NOTE: A future part of this series will
cover wiring.)

It’s important to know that sketches #1, 2, 3, & 4 are just that, rough sketches, not
accurate, drawn-to-exact-scale, track plans. My intent is to show you some general
concepts of what can be fitted into a room.
Since your actual space may be quite different in size and shape, and your
preferences regarding geographic location, time period, modeling scale, etc. are
unknown to me: I can’t really design an accurate track plan for you. You will need
to do that yourself.
Some things that can help you with that task are track planning computer
programs like Anyrail, Scarm, and others. Another great help for track planning is
master track planner John Armstrong’s excellent book, “Track Planning for Realistic
Operation.” While it’s a bit advanced to be considered a “beginner’s book” it
contains lots of very useful information on every aspect of track planning. It should
be considered a reference book. You don’t read a dictionary, or an encyclopedia,
from cover-to-cover, like a novel. Instead, you look up what you want to know
about a particular word, or subject, and then apply that information as needed.
Used in this way, Armstrong’s book can be a great resource for any modeler, of
any experience level. I am just one of many modelers who have learned a great
deal over the years from this very fine book.
I hope I’ve gotten you interested in long, skinny, shelf layouts and building a
better, more realistic looking, and operating, model railroad.
Regards;
Traction Fan

