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SYDNEY TRAMWAY MUSEUM

1. Purpose

To explain thevarious tramway track standards at the Sydney tramway Museum. Also the
purpose of this document is to set down, in printed form, a history of the construction, operation
and maintenance of the STM fitie benefit of future generations called upon to further the aims
of the society.

2. Scope

This standardapplies tathe design, construction and maintenance of all tramway tracks installed
by the Sydney Tramway Museum

3. Responsibilities
The Infrastruatre staff at STM must follow these processes in this manual.

4. References

This document is an update of the work done by W.M. Denham in 1994 whose work is noted
with grateful appreciation.

Also grateful assistance was given by Richard Clark, Chief Engioethe Sydney Tramway
Museum in confirming the engineering details given, and Robert Cowing, Construction
Supervisor for the museum in confirming the construction methods outlined.

5. Definitions

STM Sydney Tramway Museum: the trading name of SoutHiP&dectric Railway Ce
Operative Society Limited for tram activities, therefore references to STM.

SPER  South Pacific Electric Railway COperative Society Limited
The Boardrefers to the Board of Directors at STM

Ins Inches

Kg/m Kilograms per metre
Km/h Kilo meters per hour
Lbs Pounds (weight)
Ib/yd Pounds per yard

m Metres

NSWGT New South Wales Government Tramways
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7. Preface

While the Tramway Track Standard discusses the methods of design, construction and
maintenance of tramway track in some detail, the information givendsbalyt be regarded as
a basis for practical demonstration, observation and experience.

Any member of the Society seeking to be approved as a track worker will be expected to have a
working knowledge of matter contained herein.

The Standard is based upoglaval data located in the State Government Archives and those of
the SPER related to the former New South Wales Government Railways (NSWGR) and the
New South Wales Government Tramways (NSWGT) and observation and interpretation of the
thousands of photogpas of the New South Wales and other tramway systems available to
SPER. It is supplemented with data from other sources, particularly of the other former and
existing Tramways systems from which tramcar exhibits and spare parts for trams and track
have ber obtained.

Technical information has also been gleaned from:
Electric Tractionby A.T. Dover;
Electric Railway Handbooky Albert S. Richey;

Various issues of Street Railway JournahdElectric Railway Journali n t he Soci €
archives;

and from dservations made during the demolition efitu railway and tramway track work
for use in the museum tramway.
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8. Introduction

Although mainline railway (Heavy Rail) and tramways (Light Rail) both operate over steel
railroads which may be laid to tharee gauge, there are sufficient fundamental differences for

each to be considered separately and to be considered as separate entities.
The important differences are outlined as follows:

RAILWAY

TRAMWAY

Gauge
Although the gauges for the NSWGR and

NSWGT were the same, i.e. 1435 m#én §
8 | Y the flangeway dimensions were
significantly different. The railway
flangeways were deeper and wider.

The tramway flangways were shallower an
narrower to reduce hazards to other road
users. This also allowed formawer wheel
treads for bogies to swing under tramcars
sharp curves.

Gradients and Curves

Railways endeavour to maintain a line whi
is as straight and as level as possible, mal
use of tunnels, cuttings, embankments an(
bridges to maintain theseqrements.

Tramways usually were forced to follow th
topography of city and suburban roads an(
were therefore designed to cope with stee
grades, sharp curves, and natural and
manmadebstructions.

Speeds
Railways endeavour to provide services at

the hghest possible speeds consistent witt
the track. Stopping places are located at
greater spacings than on tramways allowir,
even stopping trains to achieve a
significantly high service speed.

Tramways provided local services with
stopping places placedodle together and,
having to share the roadway with other
vehicles and pedestrians, the top speed ai
service speed had to be significantly lower,

Train Length
It i s the railway o

requirement that trains be of maximum
length at maximum helavays. Even in
suburban services, the requirement is for
maximum seating capacity.

Electric trams are usually single units or
coupled sets with both cars driven. The tra
run on close headways to provide seating
capacity.

Axle Loads

Railway axle loadsre high and usually
require a mediunto-heavy section rail on a
substantial base.

Tramway axle loads are usually light and,
conjunction with the slow speeds at which
trams may be operated, light section rails
may be used on a less substantial base.

Maintenance

Because of the high speeds and axle load;
which main line railway trains subject the
track and the proximity of obstacles such &
embankments, bridges and platforms railw
track maintenance must be maintained at
high level to prevent derailents.

Tramcars travel at low speeds and much ¢
the track on which they travel is at ground
level without significant obstacles and may
also be paved to the rail head. Track
maintenance may be reduced since the
potential severity of derailments is
significantly reduced.

This comparative table is set down to indicate the fundamental differences between the railway

and tramway operation with respect to track design, construction and maintenance.

Tramway track Standard
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8.3 Tramway Main Line

For the purpose of this manual, tramwayinmane shall represent a standard of construction and
maintenance deemed suitable for the regular operation at service speeds of tramcars carrying
passengers.

Nonmain line track shall be tramway over which trams are manoeuvred at slow speeds and not
cartying passengers. Various types of track shall be applicable to both situations ranging from
fully exposed to fully paved. The construction methods and form of maintenance required will
vary in accordance with the type of track.

8.4 Standards

The standards ofaistruction and maintenance of the tramway track work outlined rsdraih
apply to the whole of the tramway of the SPER but shall not be taken to restrict the Society to
such standards nor shall the adoption by the Society of higher standards fortianyoéele
tramway be taken to imply an offer by the Society to bring any or all of the remaining track
work up to such higher standard.

8.5 Minimum Standards

The minimum standard for construction of the tramway track shall be as indicated herein, such
trackwork being constructed and maintained in a reasonable condition to prevent physical
injury to persons and damage to the tramcars or other vehicles.

8.6 Tram Speeds

Electric trams may have a number of definite operating speeds directly associated with the
electic power controller and not to any speed registering device.

There are generally two running speeds:
a) FULL PARALLEL.
b)  FULL SERIES.

In the case of (a), Full Parallel, the electric motors are connected in parallel with the power
supply (600 volts DC) and theam is able to develop its full design speed. This will vary from

tram type to tram type and also varies according to loadings imposed by the passengers and the
track conditions (grades, curves, distance from power source, etc.).

In the case of (b), Fuleries, each pair of motors is connected in series and the pairs of motors
(where more than two motors are provided on the tramcar) are connected in parallel with the
power supply. Each motor then receives half the line voltage and the tram will opsoatenal

half maximum speed.

These are Arunningo positions of the power
position indefinitely. In all other positions of the controller, varying amounts of external
resistance are in the power circuiteasieans of controlling the acceleration rate of the tram.

Electric power used in the resistances is transformed into heat. Therefore drivers are instructed
not to run in resistance notches except for the minimum time required to accelerate the tram to
half or full speed, except in one special circumstance.

When trams are required to be driven at slow speeds over short distances, the driver must
operate the tram in the first (sometimes, second) series resistance notch. Operating rules require
that this be dne only as a last resort and then only for the minimum distance necessary, to avoid
overheating the acceleration resistance.

The tramway Regulations therefore define speed limits as:

a) Walking Pace (approximately 7 km/h); being the maximum speed attaimatiie
particular tram on straight level track in First notch Series.

Tramway track Standard Page8 of 47 STM 6024
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b) Full Series; being the maximum speed attainable by the particular tram on straight level
track in Full Series notch; about half maximum speed.

C) Full Parallel; being the maximum speedaatable by the particular tram on straight level
track in Full Parallel notch; the maximum operating speed.

All trams can coast under suitable conditions so speed may be controlled by coasting and
judicious use of the service brake.

Tramway track Standard Paged of 47 STM 6024
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9. Design

9.1 Track Layout

The track layout will depend on a number of factors including:

a) The area available for tramway construction and the general topography;
b) Type of services to be provided;

c) Physical characteristics of trams to be operated;

d) Building and ancillary structuseto be provided; and

e) Availability of track components and track working equipment.

Before the commencement of any new trackwork or of any substantial renewal of trackwork, the
Infrastructure Manager is to provide details of the proposed work to theErtgefeer to

enable the Chief Engineer to consider whether the proposed work would comply with the
requirements of this Track Standard.

The tramway designer will draft out a preliminary proposal then, subject to the availability of
professional services, detailed survey should be carried out to determine contours of the area
in which the tramway will be constructed.

The presences of the survey will enable the rapid determination of the earthworks required and
the need for cuttings, embankments, draitts, Ehese may then be plotted on a construction
drawing along with track details.

The track layout will enable an estimate to be made of supplies of materials required and special
track work components to be salvaged or fabricated.

The simplest track plawill usually be the easiest to construct, operate and maintain.

9.2 Rail Joints

Rail joints may be staggered or in line. Staggered joints may be satisfactory when all the tram
fleet is of the equal wheel bogie type but it is strongly recommended thaamhistrack the

joints be kept in line to reduce the tendency of single truck trams to lurch both fore and aft as
well as from side to side.

9.3 Loops and Double Track

City tramway designers generally look to providing double track over most, if not g
main line. This allows traffic to run in each direction independent of that in the other. Major
lengths of double track are a luxury that the tramway museum may not be able to afford.

The alternative solution is the provision of loops set into itiglestrack main line to allow
trams running in opposite directions to pass.

Serious considerations must be given to the frequency of traffic services which are to be
provided to determine the need for, and use of, passing loops at any location. Theafumber
passing loops and their spacing, together with the Safeworking method of passing trams over a
single tram line must be examined thoroughly.

A passing loop midway along an established route may be the most practical, unless proposed
traffic patterns detrmine otherwise. It is most likely that an odd number of loops along the main
line will serve more successfully than an even number but this will depend on requirements. A
passing loop every 1 to 1.5 km for a lengthy tramway could be in order.

Tramway track Standard PagelO of 47 STM 602
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SYDNEY TRAMWAY MUSEUM

Passing lops and terminal loops of sufficient length to comfortably hold the three longest trams
in the fleet (i.e. about 46 ma@r5 09 o | | usually suffice but e
will require consideration on a separate basis.

9.4 Track Centres

The minimum track centres should always be as wide as reasonably possible but will not be less
than the overall width of the widest tram plus 300 mm (minimum) on straight track and extra on
curves under 200 mi( chaing radius. Table 1 and diagrams (ovaf)jeshow the maximum

overhang of Sydney tramcars as established in 1932 and may be used as a guide.

The tramway designer will need to allow for any reasonable future tramcar acquisition and any
variations introduced by tramcar exhibits from other systehenvgetting out mukirack
curves.

9.5 Structure Gauge

A structure gauge will be required for the tram fleet to determine the minimum location for
structures including overhead support poles, buildings, doorways, street furniture, etc. These
gauges may geerally be obtained from the authority for which the tramcar exhibits were
constructed. Where a mixed fleet of trams is to be considered, a composite gauge must be
prepared. See Diagrams 1 and 2.

9.6 Curves

Because a tramway is generally related to a syatem or a built up area, it must usually
include a number of sharp curves. For this reason, tramcars are constructed to negotiate these
curves, although generally at slow speeds.

The temptation exists for museum tramway designers to incorporate surbdeatthe

tramway because they are representative of the street line. However, sharp curves are a constant
source of wear and tear on the track and the tram, and waste electric power. There is also an eve
present threat of derailment.

Where space andrcumstances permit then the tram track should be laid as straight as possible
with the curves of maximum, rather than minimum, radius. The minimum radius for the
NSWGT on main lines was about 18.36n{ &) buitx this was reduced to 14.3 7 6) in0 0

certan terminal or congested areas such as Queens Square.

Tramway track Standard Pagellof 47 STM 6024
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Table 1: STRUCTURE GAUGE
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SYDNEY TRAMWAY MUSEUM

PERMANENT WAY ROLLING
STOCK
RADIUS OF CURVE TRACK DIMENSIONS MAXIMUM
AT CENTRE LINE OF | GAUGE PERMISSIBLE
TRACK FOR OVERHANG
T.RAILS D E F OUTER | INNER
120 feet 4 6-7/88 116 |56 1|26 7|56 0|56 1
36.57m 1.444 m 3.41m | 1.54m | 0.78m 1.52m 1.54m
110 feet 4 6-7/88 116 |56 3|26 9|56 1|56 3¢
33.52m 1.444 m 3.50m 1.60m | 0.83m 1.54m 1.60m
100 feet 4 6-1580 (1116 |56 3206 9|56 1|56 3¢
30.48 m 1.446 m 3.50m 1.60m | 0.83m 1.54m 1.60m
90 feet 46 90116 |56 4206 1|56 2|56 4
27.43 m 1.447 m 3.55m |1.62m | 0.86m 1.57m 1.62m
85 feet 406-11 |116 |56 5206 1|56 3|56 51
25.90 m 1.449 m 3.60m | 1.65m | 0.88m 1.60m 1.65m
80 feet 46-110 |116 |56 526 1|56 3|50 5¢
24.38 m 1.449 m 3.60m | 1.65m | 0.88m 1.60m 1.65m
75 feet 46-1/% |126 |56 6/306 0|56 4|506 6 (
22.86 m 1.450 m 3.65m |1.67m |0.91m 1.62m 1.67m
70 feet 406-1/% |126 |56 6/306 0|56 4|56 6
21.33 m 1.450 m 3.65m | 1.67/m |0.91m 1.62m 1.67m
65 feet 406-3/B0|1206 |56 7/36 1|56 5|56 7(
19.81 m 1.452 m 3.70n 1.70m | 0.93m 1.65m 1.70m
60 feet 4 6-Y4P 126 |56 8/36 2|56 6|56 8¢
18.28 m 1.454 m 3.75m | 1.72m | 0.96m 1.67m 1.72m
55 feet 465/ (126 |56 1|36 4|56 8|50 1
16.76 m 1.455m 3.86m |1.77/m |1.01lm 1.72m 1.77m
50 feet 406-3/% |126 |56 1|36 5|56 9|56 1
15.24 m 1.457 m 3.91m |1.80m |1.04m 1.75m 1.80m

NOTE: Refer to diagram 2 (Double Track Structure Gauge), for references to D, E and F.
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9.7 Superelevation

Limited superelevation may be applied to tramway curves where the paved surface of the street
allows. In open ballast track where higheeags might be reasonably expected then

superelevation should be provided in accordance with the table reproduced elsewhere (see Table
4) in this document.

9.8 Grades

From around 1900 wuntil 19206s the NSWGT eng
tramway gradients until experiments showed that a 1 in 12 gradient was the maximum
considered safe for adhesion working both up hill dmanhill. The maximum service gradient

was gradually reduced to 1 in 33 for certain car types such as maximum tractidesvahecfor

motor trams towing trailers.

Coupled motor tramcars with both trams under power and with air brakes were usually
permitted to operate over the 1 in 12 gradient without further provisions.

Operation of trams over grades between 1 in 12 and.Q was permitted provided that the
tramcars were fitted with friction operated track brakes. The short section of tramway between
Nicholson Street and Darling Street Wharf at Balmain which was laid in at 1 in 8 was always
regarded as a special case and pvatected by a counterweight safety device.

Qutline of Sydney R class four mozor saloon tram.
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10. Construction

10.1 The Road Bed

Although the tramway will generally be constructed practically on the natural ground level, the
road bed should be prepared with some degree of care. The centrehia¢ratk should be

pegged out and all vegetation cleared from the path along which the track will be laid, including
about 3m9 6 ) liyond the sleeper ends. Crests should be removed and dips filled with well
rammed earth.

When the road bed is nearvkl a slight mounding should be formed along the centre line of

each track and water table gutters formed beyond the sleeper ends to allow water penetrating the
ballast to be shed from under the sleepers. The gutters should be drained to sumps or outlets
connecting with major drainage in the area. In the case of track laid on an up (or down) grade,
cross trenches may be required to help divert the stormwater into the side gutters.

Where the fall of the natural ground is at right angles to the track dieetrepecial provision
should be made for under track drains to relieve the pressure of stormwater which may
accumulate on the hill side of the track.

10.2 Track Standardsi Generally

For the purpose of identification of various sections of the tram tradkltbeiing type of
designations have been established by the Society:

Type 1:

Rails laid directly on formation; open; shunting speeds only.

Type 1P:

Rails |l aid directly on formation; paved; sh
line operatim in emergency circumstances.

Type 2

Rails laid on and spiked to timber sleepers; main line speed.

Type 2P

Rails laid on and spiked to timber sleepers; paved; main line speed.

Type 3:

Rails laid on and fastened to steel ties supported on concreterstonded; main line speed.
Type P:

Rails laid on concrete paving to rail head; main line speed.

10.2 Tram Track

The minimum standard of construction for tram track shallygee 1, constructed of steel rails
with a foot width of not less than 127 mm tied & 8 maximum centres with 19 mm diameter
steel tie bars and resting on a prepared bed of scrabbled sandstone or not less than 250 mm
thickness or well compacted sandstone rubble.

For Type 1P, after the rails have been levelled and aligned, the trackishélled to the top of
the rails between the rails and for 500 mm outside each rail with similar compacted fill.

The minimum standard of construction for tram tralokpe 2, shall be of steel rails of not less
than 60 Ib/yd (30 kg/m) original section witlot more than 50% of the rail head worn away and
resting on and spiked to hardwood sleepers resting on a 25 mm minimum bed of compacted
earth or ash.

For Type 2P; after the rails have been levelled and aligned, the track shall be filled to the top of
therails between the rails and for a minimum of 500 mm outside each rail with compacted fill,
ash, hardcore or soil and grass.
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The minimum standard of construction for tram tralckpe 3, shall be of steel rails of not less
than 60 Ib/yd (30 kg/m) original seon with not more than 50% of the rail head worn away,
welded to steel sleepers or fitted with temporary ties and laid on concrete stringers or slabs of
thickness noted.

For Type 3P; after the rails have been levelled and aligned, the concrete stramgabd shall
be poured simultaneously as the track is filled to the top of the rails between the rails and for a
minimum of 500 mm outside each rail with concrete screeded off level with the rail head.

Special consideration may have to be given to tip¢hdef the concrete and the provision of
reinforcement in roadways to carry motor vehicles. It is reasonable to assume that an outside
body will handle the design and, probably, the construction of such pavement. The museum
should ensure that the tracKagd to tramway requirements and may be required to supply
suitable rail and fastenings.

10.3 Tramway Rails

The tramway plain track will be laid generally withrdil conforming to NSWGT standards, the
rails being mostly salvaged from numerous railway and trayracations. Rails ranging from
1888rolled x 60 Ib/yd (30 kg/m) to 1937 x 94 Ib/yd (47 kg/m) will be used for tramway main
line, although 80 Ib/yd (40 kg/m) is the preferred size for most trackage with 94 Ib/yd (47 kg/m)
minimum being supplied to the cstnucting authority for building into motor vehicle crossings
outside the Museum grounds.

(NOTE: After the branch railway to the Royal National Park had been approved for lease to the
Society for conversion to tramway operation it was found that it exdegademinimum

requirements for tramway Type 2 track. An examination revealed a mixture of rail sections in
the 90100 Ib/yd (4550 kg/m) range. This was considered acceptable for tram operation but
upon advice from railway construction firms the excessovéamcars, gap in the fish plated

joints was rectified byrhermitwelding of all the doubtful cases. The Society has agreed to the
railway standard that existed at the time of handing over).

Grooved tramway rail in the 9002 Ib/yd (4351 kg/m) range waused in Sydney. However, its
use was not universal and it required special transition plates and provisilasgerway
modification where joining to plain track.

Little useable grooved tramway rail is now available for salvage locally and itsnuste is
considered obligatory. A small length of tramway grooved rail is maintained in the Museum
grounds for demonstration purposes.

10.4 Rail Foot Dimensions

For rail imbedded in concrete up to rail head or rail embedded in concrete and topped with
asphalt as pe6TM standards no rail foot is required. This is because the railhead and web is
continuously supported by the mass concrete. In practice sufficient foot should be on place at
welded joints for a sole plate and for welding of cross ties if.used

For openballasted track the rail foot carries loads and restrains the rail in gauge. Consistent
with 50% rail head requirement, the same requirement or better requirement should be applied
to the foot. Suggest 65% of original area.

For mass concrete track: No rall foot required.

For sleeper ballast track: Rail foot 65% area or as required for proprietary fixings.

10.5 Rail Stress Conditions

For rail embedded in concrete up to rail head or rail embedded in concrete and topped with
asphalt as per STM standards no rsitess conditions are required. This is because the rail
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retains a relatively even temperature surrounded by concrete and the concrete restrains the rail
both longitudinally and laterally.

For fishplate jointed rail of standard lengths there is sufficlentitudinal joint expansion to
cover temperature variations.

For continuously welded track consideration should be given for temperature variation.

Additional work should include:

Fully ballasted track

C Clips for longitudinal restraint

Full shoulder fallast;

Concrete sleepers

Final rail joint closure during hot weatheand

Speed restriction (WOLO) in days of above 36 degrees forecast

SIEIIRIRIE

For mass concrete rail: No rail stress requirements

For fishplated rail: No rail stress requirements

For contiruously welded raiEngineering and administrative controls as ahove

10-410.6 Handling Rails

Rails are to be transported, stored and handled in a manner such that they are not kinked or
mechanically damaged. Rails which are to bequ&ed shall be formed withraechanical rail
bender. |1 f a screw type bender (AJim Crowo)
curve, free of kinks.

Diagram3: RAILBENDER iiJ |1 M CROWO

10.510.7 Main Line Rails

Where a new or nearly new section, main line rails shall be nohlesshe section dimension

or mass per length of AS (1916) 60 Ib/yd (30 kg/m) material. Where reclaimed rails are to be
used they shall conform to the dimension of the near new rail, or abutting sections but shall not
have more than 50% of the head worn yawar have major damage to the web or foot.

10-610.8 Used Rails

Used rails shall be reasonably free of rust and mechanical damage with at least 50% of the
original section rail head remaining. Curved rails shall not be straightened or bent to the
opposite hand wherrequired for main line use. Rails with a discernible wear must not be
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reversed so that the previous gauge face is turned outwards. Badly kinked rails must not be
straightened but may be retained, if required, to be cropped to shorter lengths for closure
purposes.

10-710.9 Check Rails

Check rails are rails required to form a flangeway against the gauge face of the running rails.
They shall be of suitable section rails bolted against the running rails to restrain the tram wheels
from leaving the rail opposite croags and on sharp curves. They shall be bolted through
spacers which can be adjusted as required to maintain a flangeway in accordance with the
recommended dimensions.

Worn rails of slightly smaller section are often used for check rails.

10-810.10 Guard Rails

Guardrails are non essential check rails provided against the gauge face to create a flangeway,
usually in association with formed paving to rail head level.

10:910.11 Sleepers

Sleepers shall be sawn hardwood of minimum dimensions 2.45 m long x 230 mm x 115 mm
crossseabn 8 6 0 6 x )9Qn straight ttack at least every sixth sleeper shall be of good
guality to provide an effective track tie. The remaining sleepers shall be of fair to good quality
to support the rails.

For tramway track the sleepers are set at 700maximum centres but may require adjustment

of spacing at the rail joints. The joint should fall midway between sleepers and be supported by
the fish plates bridging the sleepers. Angle fishplates have notches in the bottom flange to locate
the dog spikeat the recommended locations.

Diagram 4: RAIL JOINT LOCATION

Sleepers should be set out evenly along the centre line of the track, laid at right angles to the
centre line and dressed to line before the final packing of the track.

The provisions of thisnanual shall not preclude the use of steel or concrete sleepers provided
that the necessary stock pattern fastenings are used to secure the rails.
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10-2010.12 Fastenings and Attachments

Dog Spikes Shall be stock pattern, hammered into holes drilled fully throughléeper, two
per rail crossing. Holes shall be 1 mm less in diameter than the spike to be used and located as
per the sketch below.

~ ey
<<

Diagram 5: SPIKE LOCATION

Fish Plates Shall be stock pattern of size and dimensions to suit the rail sectiamh vfitte

No. 4 off per joint (minimum) fishplate bolt, nut and washer assemblies. Where rails of different
cross section or significant different wear patterns abut then purpose made cranked (transition)
fishplates are to be installed to bring the rail tod gauge face to proper alignment.

Alternatively, rails may be site welded onto steel base plates with steel spacers to align the rall
head and gauge face and the rails fully welded and ground flush on the running face.

Sleeper Plates and Sleeper Anchdfghere timber sleepers are replaced, sleeper plates and
anchors which were in place shall be reinstalled. At other locations, the use of these devices
shall be optional unless directed by the certifying track Engineer.

Rail Bonds Rail bonds shall be indtad and maintained to the satisfaction of the Mechanical
and/or Electrical Engineers.

104110.13 Ballasted Track

Following the clearing and preparation of the road bed, a layer of the selected ballast material
should be spread along the centre line of the tradketdiished depth, the width of the ballast
bed being at least equal to the length of the sleepers.

Sleepers are then laid out along theséablished centre line of the track at 700 mm maximum
spacing, adjusted as necessary at the rail joints.

The railsare then to be lifted onto the sleepers and levered into position after which they are to
be fastened to the sleepers with dog spikes and bolted together with fish plates.

When track laying is complete, the rails are to be brought to line with bars &sdjatthe

track packed. The ballast material is only to be securely tamped under each sleeper below the
rail crossing. Ballast is to be left loose under the centre of the sleeper to prevent the track
rocking and left loose under sleeper ends to avoidldeper being stressed by the load of the
tram passing.

The track should be raised about 10 mm above the finished level until the packing is completed.
When the jacks are removed, the track will settle back to its proper position.

When the ballasting is ampleted, spare ballast should be used to fill space between the sleepers
up to the sleeper top and the whole dressed neatly along the level of the sleeper tops and at 45°
away from the ends of the sleepers.

101210.14 Paved Track

Gravel/Sandstone When the concretdringers or slab have cured for at least 14 days, all
temporary formwork, especially timber, must be removed and the area to be paved will be filled
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with clean excavated material and finished with selected gravel/road base/crushed sandstone
well dampenedrad compacted. Flangeways should be properly cleaned before any tram is
driven over the track.

Grass As above, but the grass may be sown or prepared turves may be laid with the turf to
finish at the rail level. Normal procedures for grass laying, maintsnand mowing will then

be followed. Special care should be taken to remove all grass clippings before any tram is driven
over the track, especially grades.

Bitumen As above, but compacted fill/road base should be finished at a level of 25 mm below
the mil head (or as directed by the bitumen laying firm). The bitumen will be laid and rolled in
one operation, usually by a specialist team.

Where guard rails or check rails are not provided, flangeways may be produced by the insertion
of removable steel tubeof about 25 mm outside diameter against the running rail before the
bitumen is to be rolled or by running the tram with the largest flanges carefully along the track
after the surface has been laid. Upset bitumen is to be neatly dressed at the exigeoof/th

Concrete When the concrete paving is laid as a separate slab, the bed on which it will be

poured is to be thoroughly cleaned and wetted and the concrete paving poured and compacted a:
for normal building practice. The paving slabs will be scteeadil level, trowelled and brought

to a broomed finish unless otherwise required.

When guard rails or check rails are not provided, suitable size (25 x 25 mm approximately)
tapered timber battens are to be laid against the rail head before the dsrsmeteded off and
carefully removed before the concrete initial set has taken place. Ironing of the flangeway with a
special tool may be undertaken.

When the concrete paving is poured integrally with the track support, the finish will be generally
as forabove.

Remove all timber and non permanent steel formwork and shuttering as soon as practicable after
the concrete has been poured for seven days.

104310.15 Points

As indicated above, the NSWGT system used railway type points built up framhsections
with pairs of short point blades. The tramway museum line can expect to reclaim some old units
from former tramway locations and renovate and reuse these units.

The pointés rails rest on timber sl eepers i
concreteWhen above ground point levers are used, special long timbers are provided as the first
and second from the toe of the point blades to support the mechanism. Two or three full length
timbers are also provided at the crossing.

The balance of the point timigemay be supported on full sleepers gradually increasing in
length, if available, or standard length sleepers fanned out to support the straight track and the
curved track on alternate sleepers. The long timbers are generally out of 254 x 1270mon (

5 dcross section hardwood.

The points consist of a pair of stock rails which are profiled to detail and bolted onto cast iron
chairs. The chairs are, in turn, fixed to timber or steel sleepers with bolts or screw spikes. A
flangeway crossing (point fragsee Diagram 8) is provided where the running rails cross, and
check rails are fitted against the running rail opposite the crossing. The crossing flangeway is
usually welded up to provide bearing for the wheel flange as the wheel crosses the gap in the
runnng rail.

Closure rails in plain track and check and guard rails are installed as necessary.

The blades are hinged at the heel and connected with tie rods near the toe. Throw over levers or
undertrack ball levers are used on main line track, generaliyildbcked so that they may be

safely trailed through when set against the tram. Other mechanisms may find use in non main
line situations.

Tramway track Standard Page22 of 47 STM 6024
Version 1471 31/07/2010



SYDNEY TRAMWAY MUSEUM

Refer to the Department of Public Works drawings R@®?and NSWGT drawing No.2 for
general details of points aldossover constructionsee Appendix C

1014410.16 Points Pits

Where the points are to be paved to rail head they are generally provided wittracki®all

levers which are supported in a pit built under the track and properly connected to the site
drainage systemA metal frame is provided between the rails over the mechanism and a slotted
hinged cover fitted. The slot allows the points to be operated by the point hook. The cover
permits access to the mechanism for lubricating.

The remainder of the pit is covereith a removable timber deck constructed with 127 x 76 mm
(50 x 30) hardwood stringers and 50 mm (20)

104510.17 Construction Standards

Tram track shall be constructed and maintained to a reasonable line and lewsténonsih the
service speeds and axle loadings imposed by the tramcars.
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Tolerances are tabulated below:

TABLE No. 2 GAUGE

RADIUS OF CURVE GAUGE (see Note 1) TOLERANCE
Straight Track 1435 mm +10 mm
140 m radius 1437 mm
90 m radius 1438 mm
55 m radus 1441 mm
30 m radius 1445 mm +5mm
27 m radius 1448 mm
23 m radius 1451 mm
18 m radius 1454 mm
14 m radius 1455 mm

NOTE * Gauge is generally measured against the vertical inner face of the rail head at a
distance of 10 mm below the runnswyface.

TABLE No. 3 FLANGEWAYS

RADIUS OF CURVE WIDTH (see Note 2) TOLERANCE
Straight Track 22 mm +2mm
140 m radius 23 mm
90 m radius 29 mm
55 m radius 32 mm
30 m radius 35 mm +5mm
27 m radius 38 mm
23 m radius 38 mm (see Note 3)
18 m ralius 41 mm (see Note 3)
14 m radius 42 mm (see Note 3)

NOTE 2 Dimensions for required check rails or guard rails, otherwise there is no maximum
dimension (width or depth) on straight track.

NOTE 3 35 mm maximum for short curves.

TABLE No. 4 SUPERBELEVATION
RADIUS OF CURVE SUPERELEVATION NOT TO EXCEED

Straight Track 00 0 mm

To 6 chains (120.7 m) 120 mm 6 mm (1 ¢ 7 mm

To 3% chains (70.4 m) 70 mm 13 mm (| 13 mm

To 1006 00 30 mm 25 mm (1 25 mm

To 6006 00 18 mm 28 mm (1 38 mm
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TABLE No. 5 VERTICAL

CRESTS Minimum convex 215 m radius (700 feet)
easement

DIPS Minimum concave | 460 m radius (1500 feet)
easement

TABLE No. 6 OUT OF LINE

KINKS Lateral bending Shall not exceed 30 mm measured

along 3.0 m of the gauge face.

HUMPS AND SAGS

Vertical bending Shall not exceed 30 mm measured

along 3.0 m of the gauge face

Diagram 6: GRADE EASEMENT DIAGRAM
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