
Permanent Way 
Types of track 

Notwithstanding modern technical developments, the overwhelmingly dominant track in 

our gauge consists of flat-bottom rails supported on timber sleepers (railroad ties in the US), 

a few use concrete and recently reconstituted plastic has been used all of which are 

themselves laid on crushed stone ballast. 

 

Similar to standard gauge railways our rail is graded by weight over a standard length. 

Heavier rail can support greater axle loads. Many of our tracks use aluminium rail or flat 

steel bar. 

 

If not restrained the track would become out of gauge, rails lengthen in hot weather and 

shrink in cold weather. To provide this restraint, the rail is prevented from moving in 

relation to the sleeper by use of various bolts, clips or chairs, which resist longitudinal 

movement of the rail.  

 

Tracks are generally laid on a bed of stone track ballast, in turn is supported by prepared 

earthworks known as the track formation. The formation comprises the subgrade, a layer of 

sand or stone dust (often sandwiched in impervious material, known as the teram, which 

restricts the upward migration of wet clay or silt. There may also be layers of waterproof 

fabric to prevent water penetrating to the subgrade. The track and ballast form the 

permanent way. The term foundation may be used to refer to the ballast and formation, i.e. 

all man-made structures below the tracks. 

 

Track needs regular maintenance to remain in good order, include changing sleepers, 

lubricating and adjusting fishplates, tightening loose track components, and surfacing and 

lining track to keep straight sections straight and curves within maintenance limits. Spraying 

ballast with herbicide to prevent weeds growing through and disrupting the ballast.  

Further reading – 

http://en.wikipedia.org/wiki/Sleeper_(rail)
http://en.wikipedia.org/wiki/Track_ballast
http://en.wikipedia.org/wiki/Track_ballast
http://en.wikipedia.org/wiki/Land_grading
http://en.wikipedia.org/wiki/Permanent_way:_historical_development
http://en.wikipedia.org/wiki/Herbicide


Books 

British Railway Track: Design, Construction and Maintenance D.H. Coombs 
www.rgsonline.co.uk/Railway_Group.../GMTT0089%20Iss%201.pdf  

http://www.gb-rail.co.uk/industrial-and-light-railway-track/rail-sections-and-standards  

 

Gradients & Radii 

Minimum curve radii for railways are governed by the speed operated and by the 
mechanical ability of the rolling stock to adjust to the curvature. In our gauge the speed is 
never a deciding factor. With so many different types of locomotive used in our hobby on 
some tracks very tight radii can be used. (Narrow gauge types of engine can negotiate 
much tighter radii than standard gauge ones). The more driving axles, the larger the radii. 
You don't need to worry about leading or trailing pony-trucks, as these are articulated. It's 
only the main set of wheels we need to worry about. 

 

Therefore there are no set radii for our tracks but as a general rule a 20m radii for narrow 

gauge and 30m on mainline tracks should be used. A curve should not become a straight all 

at once, but should gradually increase in radius over time, these are called transition curves, 

even worse than curves with no transition are reverse curves with no intervening straight. 

Superelevation (difference in elevation of the two rails) in the case of tracks, determines the 

maximum speed of a curve. Superelevation is usually not a factor on our tracks. There 

simply is not enough mass for it to have a noticeable dynamic effect but it should however 

be kept to a small amount on miniature railways, 1/8" being the maximum for 7¼" gauge, 

Superelevation where it is used should have a transition phase from the level not exceeding 

1 in 300. 

http://www.jghtech.com/html/superelevation-2.html  

 

Gradients 

Gradients limit the load that a locomotive can haul, including the weight of the locomotive 

itself. On a 1% gradient (1 in 100) a locomotive can pull half (or less) of the load that it can 

pull on level track. Gradients on curves are effectively a bit steeper than the same gradient 

on straight track, so to "compensate" for this and make the ruling grade uniform 

throughout, the gradient on curves should be reduced slightly. Our gauge can accommodate 

steeper grades then are usually practiced on mainline railways but if passenger hauling is 

the main requirement they should be kept as little as is possible and ideally no more than 

1.5% (1 in 66). If a steep section cannot be avoided it should be constructed in a series of 

short sections 

 

Further reading – 

Books 

Railway Management and Engineering Vassilios Profillidis  
www.wis.co.uk/andy/16mm/minimumcurveradius.html  

http://www.amazon.co.uk/s/ref=ntt_athr_dp_sr_1?_encoding=UTF8&field-author=D.H.%20Coombs&search-alias=books-uk
http://www.rgsonline.co.uk/Railway_Group.../GMTT0089%20Iss%201.pdf
http://www.gb-rail.co.uk/industrial-and-light-railway-track/rail-sections-and-standards
http://en.wikipedia.org/wiki/Reverse_curve
http://en.wikipedia.org/wiki/Cant_(road/rail)#Rail
http://en.wikipedia.org/wiki/Track_(rail_transport)
http://www.jghtech.com/html/superelevation-2.html
http://en.wikipedia.org/wiki/Locomotive
http://en.wikipedia.org/wiki/Ruling_grade
http://www.amazon.co.uk/s/ref=ntt_athr_dp_sr_1?_encoding=UTF8&field-author=Vassilios%20Profillidis&search-alias=books-uk
http://www.wis.co.uk/andy/16mm/minimumcurveradius.html


 

Laying a Seven and a Quarter Track – The Broomy Hill Experience 

 
Broomy Hill is the Home of Hereford Society of Model Engineers Ltd.  Our site is mostly on the river 
flood plain, the lower and largest area is mostly level, the highest point of the track is 600mm above 
the station level in the Tunnel.  The higher level of the site above flood plain houses the clubroom, 
workshops, storage and a garden railway.  
 
The layout was arranged to get the longest track out of the available area.  It was set out with pegs 
on the centre line, forming curves with a 18m-20 radius from a fixed peg.  Levels were taken along 
the line to ascertain if cutting and embankments were required for a track gradient 1-80 of more 
level. 
 
Points were inserted to form loops, to service station platforms and storage sidings and allow access 
to the turntable and steaming bays.  The station platforms were designed to accommodate four 
passenger hauling trains at a time, two loading passengers and two unloading. 
 
The track bed was formed by excavating the turf 80mm deep, lining with Teram membrane and 
filling up with broken stone 20mm. ballast (not round gravel which will move under the sleepers).  
The ballast was levelled between two known correct heights using Boning Rods.  These are 'T' 
shaped staffs 1200mm high, with a 600mm. Cross rail.  Two rods were placed on a known level the 
other moved between them lined up along the tops so that the ballast can be levelled evenly. 

 
The track is laid on top of the ballast which is at about ground level or slightly above, the sides being 
made up with excavated material to make mowing easier.  4m lengths of flat bottom rail fixed to 

Laying track in 4m sections, the sections are bolted together with fishplates 



305mm. X 40 x 40 plastic sleepers at 200mm. centres with roofing screws with washers attached, 
into pre-drilled holes formed with a jig. 7¼” rails with two screws on inside, one on outside and one 
each side on 5” rail.  The theory being that the rail has pressure pushing on the top trying to tip it 
over whilst the outside only has side pressure. 
 
Initially we tried building straight 4m. panels but the ends were not accurate enough to give the 
5mm expansion gap accurately.  So then we laid the outside rail with sleepers attached 4-5 lengths 
with fishplates fixed in pre-drilled holes, the holes being larger that the bolts to aid expansion. The 
lengths of first rail, straight or curved, rolled to correct radius, were lined up correctly the other two 
rails measured cut and drilled and screwed to sleepers. The top of the rail lined up with the boning 

rods and ballast applied as required up to the top of the sleepers sloping to ground level.  
 
Super elevation was applied to curves 15mm in 300mm.  Using a small level fitted with a wedge 
shaped fixed to the underside. A mirror was used, set at 45 degrees set on the rails to align line an 
elevation. Standing over the mirror, straddling the rails looking between the legs it is easy to align 
the curve and any dips in the track which can be remedied with the ballast. 
 
We are lucky that the Funder of the club was an engineer and he made all the points with moveable 
frogs which makes for a smoother ride.  The points have to be well oiled before running to allow free 
movement as we use a compressed air system due to the flooding which occurs most winters.  The 
track is driven over before all running to check for damage. Over the years we have replaced the odd 
sleepers but are now using plastic sleepers which should give a longer life. 
 
Steel rail from Cromar White 4m.lengths. 
Plastic sleeper material from Filcris 7m. Required per length. 
Fixing screws 35mm. Roofing screws with attached washer, 160 per length. 

Using Boning Rods to check the level of the track 



We prepare our sleeper, cutting them to size and drilling holes for the fixing screws. 

 

Track Layout and Design – points to consider. 

 

 How and why would you layout a track 

 Slopes and curves why include these 

 Points why and where do you locate them 

 

Groundworks 

 Different sorts of ground 

 Preparing the ground 

 Trackbed construction 

Track 

 Sleepers, chairs and fitting 

 Rail types and costs 

 Assembling a track 

 Levelling and aligning 

 Superelevation on curves 

Maintenance 

 Replacing sleepers 

 Use of mirrors and boning rods to check level 

 

 

 
 

 

 


