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1         Scope and application 
 

This standard establishes design requirements, acceptance standards and damage limits for track 

geometry, track stability and maximum speed of trains. 
 

It is applicable to all mainline and siding tracks. 
 

All permanent civil infrastructure shall be renewed to an approved track design, including design 

alignment, design rail level and transit space, including track centres and structure clearances. 
 

 

2         References 
 

2.1         Australian and International Standards 
 

Nil 

 

2.2         OTHR Documents 

OTHR 200 - Track System 

OTHR 215 - Transit Space 

OTHR 250 – Turnouts and Special Trackwork 
 

OTHR 410 - Formation & Earthworks 
 
 

BRM 001 – Train Operating Conditions (TOC) Manual 
 

Network Rules 

 

2.3         Other References 
 

CRN CM 203 – Track Inspection 

CRN CM 521 - Level Crossings 

CRN CP 203 – Track Design 

CRN CP 211 - Survey Specification 
 

CRN CP 213 - Track Side Signs 

 

2.4         Definitions 
 

Definition of terms used in this document is found in the glossary in OTHR 200. 
 

 

3         Engineering authority 
 

Design and selection of infrastructure detailed in this standard may only be undertaken by persons 

who have been granted appropriate Engineering Authority by the Engineering Manager. 
 

 

4         Conventions 
 

This  document contains  mandatory requirements and  guidelines.    To aid understanding and 

compliance, all instances have been 'flagged' as follows:
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Mandatory Requirement - SHALL be met                                                                        ............ MR 
 

Guideline - preferred where practical                                                                               ............... G
 

Normal design limit.  Where maintenance issues arise, maintainer acceptance is 

required 
 

Maximum  (or   minimum)  design  limit.      SHALL  NOT   be   exceeded  unless 

EXCEPTIONAL limits apply 

 

............. NL 
 

 
.............ML

 

 
 

5         Design & performance criteria 
 

This standard has been developed in consideration of the following criteria: 
 

-  Horizontal alignment of the rails including gauge, curves and transitions. 

-  Vertical alignment including vertical curves and grades. 

-  Minimising grades and curvature. 

-  Rolling stock speed, response and wheelset geometry. 

-  Superelevation and cant deficiency requirements for both track and rollingstock. 

-  Terrain. 

-  Sighting distance requirements. 
 

6         Horizontal and vertical alignment 
 

Horizontal and  vertical alignment shall  be  designed to  meet  the  requirements 

specified in Section 7 using a combination of the following components 

 

 
 
............ MR

The design output (framepoint co-ordinates) for horizontal alignment shall be stated 

(calculated) to a minimum of 6 decimal places of a metre (0.000001). 
............ MR

Preparation, content and presentation of track design documentation and drawings 

shall be undertaken in accordance with the requirements of BCP 203 - Track 

Design 

............ MR

 
 

6.1         Horizontal alignment components 
 

Horizontal alignment defines the centreline of the '4 foot' of each track. 

Horizontal  alignment  shall  be  defined  by  combination  of  any  of  the  following 

individual components: 
 

-  Straights 

-  Circular curves 

-  Transitions 

-  Compound transitions 

............ MR

 

See Figure 1 for clarification of component names, point names and 

various combinations of components 
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When  redesign  of  multiple  tracks  defined  by  one  centre  line  alignment  is 

undertaken, the geometry shall be converted to a centre line for each track. 
 

This is mandatory for areas containing track componentry such as turnouts or other 

geometrical constraints. In other locations this requirement is optional. 

............ MR

 
 

7.2         Definition of design limits 
 

7.2.1        Normal design limits 
 

The normal design limits represent preferred engineering practice. They allow for low maintenance 

track. The normal design limits are found in Section 7.4 for mainline track and Section 7.5 for sidings. 

Track geometry design shall conform to the Normal design limits unless otherwise 

approved by a person with Engineering Authority for track geometry design, 

following review and sign-off of maintenance impact (e.g. resourcing, additional 

costs, environmental effects etc.). 

............ MR

 
 

7.2.2        Maximum (or minimum) design limits 
 

The Maximum (or minimum) design Limits allow for the track to be maintained within the safety limits 

but may result in higher maintenance requirements and costs.  The Maximum (or minimum) design 

limits are found in Section 7.4 for mainline track and Section 7.5 for sidings. 

Track geometry design shall conform to these the Maximum (or Minimum) Design 

Limits unless otherwise allowed by the application of Exceptional Design Limits in 

Section 7.2.3 below. 

............ MR

 
 

7.2.3        Exceptional design limits 
 

Some existing infrastructure has been designed with short transitions and higher rates of change of 

deficiency that exceed the Maximum (or minimum) design Limits.  Under controlled circumstances 

these  Exceptional  limits  may  be  authorised  by  the  Engineering Manager.    The  limits  are 

described in Table 2. 

These limits may only be applied in the following circumstances. 
 

- It applies to existing plain track infrastructure and for new or existing tangential 
turnout designs. 

-  It applies to individual locations, each justified on a case by case basis. 

- Maintenance personnel must review the ride on any sections of plain track for 
which exceptional limits have been applied during routine front of engine 
inspections (as part of Track Examination) and verify that the ride remains 
satisfactory at the track speed. 

............ MR
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7.3         Design formulae 
 

7.3.1        Abbreviations 
 

Term Symbol Unit 

Speed V km/h 

Equilibrium speed Ve km/h 

Maximum allowable speed Vm km/h 

Radius R metre 

Radius of turnout Rt metre 

Bend angle β degrees 

Applied superelevation (or cant) Ea millimetre 

Difference in applied superelevation ∆Ea millimetre 

Maximum design superelevation Em millimetre 

Equilibrium superelevation Ee millimetre 

Superelevation ramp rate Er 1 in _ 

Superelevation deficiency D millimetre 

Maximum superelevation deficiency Dm millimetre 

Superelevation deficiency in bend Dβ millimetre 

Rate of change of deficiency Droc mm/s 

Difference in deficiency ∆D millimetre 

Length of transition L metre 

Length of superelevation ramp Lr metre 

Grade G % 

Difference between two adjacent grades ∆G % 

Vertical curve, equivalent radius Rv metre 

Length of vertical curve Lv metre 

Vertical acceleration av m/s
2
 

Nominal spacing of vehicle bogies Bc m 

 

7.3.2        Bends 
 

The relationship between the bend angle in degrees between straights (β), and speed (V) is given 
2

by: 4.85 = 
β ⋅ V   

Dβ ⋅ Bc

7.3.3        Circular curves 
 

7.3.3.1       Radius 
 

The relationship between radius (R) and the parameters Ea, V & D is given by: 

where Ee = Ea + D 

 
 
 
 

11.82  = 

 

 
 
 

R ⋅ Ee , 

V2
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7.3.3.2       Superelevation (or cant) 
 

The relationship between applied superelevation (Ea) and the parameters R, V & D (see Radius 

above). 
 

7.3.3.3       Deficiency 
 

The relationship between deficiency (D) and the parameters R, Ea & V (see Radius above). 

 

7.3.4        Transition curves 
 

7.3.4.1       General 
 

The following provisions apply to transitions from straight to curve and between similar flexure 

curves. 
 

Transitions shall be as defined in Section 6.1.3. 

 

The relationship between transition length (L) and speed (V) is given by: 3.6 = 
∆D ⋅ V 

L ⋅ Droc 

 

∆    ⋅
 

Except where the adopted L is less than Bc, in which case: 3.6 = 
    D  V   

Bc ⋅ Droc 
 

This equates to a virtual transition due to the spacing of the vehicle bogies. 
 

7.3.4.2       Superelevation 
 

The relationship between superelevation ramp length (Lr) and superelevation parameters is given
 

by: 1000 = 
 Er ⋅ ∆Ea 

Lr

 

7.3.5        Vertical curves 
 

Vertical curves shall be as defined in Section 6.3.2. 
 

The relationship between speed (V), vertical curve radius (Rv), & vertical acceleration (av) is given 

V2

by: 12.96 = 
av ⋅ Rv

7.3.6        Calculation of speed 
 

Determination of the design speed of trains requires the application of the following 

rules: 
 

Calculate the maximum speed by applying the above formulae to the section of 

track being reviewed 

Round the speed to the nearest 1 km  (eg 75.4 becomes 75, 75.5 becomes 76). 

Since Permanent speeds are advertised in multiples of 5km/hr only, adjust the 
speed to the next LOWEST 5km/hr speed band. (eg 76 becomes 75, 79 becomes 
75.) 

 

 
............ MR
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7.4 Mainline geometry design 
 

 

7.4.1 
 

Gauge 

 Nominal track gauge is 1 435mm for all classes of track. ............ MR 

 

7.4.2 
 

Bends 
 

 Bends in alignment are generally not desirable. ................G 

 
The normal limit on bends between straights (β) is given in Table 1. ..............NL 

 
The  normal limit  on  allowable deficiency on  a  bend  (Dβ)  is  the  same  as  the 

maximum allowable limit in Table 1. 

..............NL 

 
The maximum allowable bend between straights (β) is given in Table 1. ............. ML 

 
 

The maximum allowable deficiency on a bend (Dβ) is given in Table 1. ............. ML 

 

7.4.3 
 

Circular curves 
 

7.4.3.1 Radius  

 The selection of curve radii should account for train operating speeds. Generally flat ................G 

 curves are more desirable than sharp curves but the requirements of platform gaps,  

 environmental impact and maintainability also need to be considered.  

 
The normal limiting radius (R) is given in Table 1. ..............NL 

 
The minimum allowable radius (R) is given in Table 1.. ............. ML 

 
Where radii sharper than Normal Design Limits is proposed detailed consideration ............. MR 

 must be given to the effect of: wear on wheels and rails; flanging and squeal noise;  
 and  to  the  requirements  for  lubrication  and  friction  modification.     Separate 

requirements may be imposed at platforms to control the platform gap. (See Section 

 

 7.7).  

 

7.4.3.2 
 

Superelevation (or cant) 
 

 The normal limit on superelevation (Ea) is the same as the maximum allowable 

superelevation in Table 1. 

............. NL 

 
The maximum allowable superelevation (Ea) is given in Table 1. .............ML 

 Superelevation shall be rounded to the nearest 5mm. ............ MR 

 
Superelevation should  be  constant  throughout the  circular  curve  and  zero  on ............... G 

 straights unless design constraints require variation in superelevation.  

 

7.4.3.3 
 

Deficiency 
 

 The normal limit on deficiency (D) is given in Table 1. ..............NL 

 
The maximum allowable deficiency (D) is given in Table 1.. ............. ML 
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Vertical curves should be similar to adjacent mainlines                                                   ............... G 

The limits for curve radius shall be as detailed in Table 3 for normal design and 

Table 4 for minimum design. 
............ MR

 
 

7.5.4 Gradients  

 The normal limiting Gradients (G) is given in Table 3. 
 

The maximum limiting Gradients (G) is given in Table 4 

..............NL 
 

............. ML 

 

When  designing  grades  within  1  in  5  of  the  ruling  grade  the  grade  shall  be 
60 

 

............. MR

compensated for curvature by an amount:       % 
R 

Mainline  gradients  shall  extend  into  a  siding  for  a  minimum  of  15m  before 

commencement of any vertical curve. 

............. MR

Track centres shall be widened where tracks are at different levels and grades to 

ensure that the designed batter slopes and formation widths are obtained for each 

track.  If this is not possible, retaining walls and standard cess drainage shall be 

provided. 

............. MR

 

 Siding Class 

Parameter 1 2 3 

Min Radius (R) m 200 180 180 

Min Radius (RV) m 2000 1200 1200 

Max Gradient  (G) 0.66% (1 in 150) 

Max Gradient  (G)  Examination % 0.66% (1 in 150) 

Max Gradient  (G) Gravity shunting 1% (1 in 100) 

Max Gradient  (G) Loco & Wagon coupling 3% (1 in 33). 

Table 3 - Normal design limits for sidings 
 

Parameter Limit 

Radius (R) m (for loco operation) 160 

Radius (R) m (wagons only) 100 

Min Radius (RV) m 800 

Max Gradient  (G) Gravity shunting 1.25 (1 in 80). 

Table 4 - Maximum (or Minimum) Design Limits for Sidings 
 

Radius (m) Gauge (mm) 

200 - 160 1440
(Note 1) 

159 - 140 1445 

139 - 120 1450 

119 - 100 1455 

Table 5 - Gauge widening in sidings 
 

Note 1:  Gauge widening is not required on curves ≥160m radius if concrete, 
steel or pre-bored timber sleepers are used.
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7.6         Clearance points at converging tracks 
 

7.6.1        General 
 

The safety clearance point between two (2) adjacent converging tracks is the point where a moving 

vehicle passes a stationary vehicle, on the adjacent track, with a minimum distance between vehicles 

of 450mm. 
 

Clearance points are used to establish the location of catchpoints and associated insulated joints 

together with details with which the related signals can be located. 

 

7.6.2        Design requirements 
 

Use the design method detailed in OTCS 250 “Turnouts and Special Trackwork” to calculate the 

required track centres at the clearance point. 

 

7.6.3        Protection 
 

Clearance points are protected by: 
 

-  Catchpoints or derail devices 

 

The location of catchpoints and derail devices shall be established in accordance with the 

requirements of OTCS 250. 
 

-  Clearance post 

A clearance post is a post provided at the safety clearance point of all turnouts not protected 

by signals or catchpoints to indicate the point beyond which vehicles must not be permitted to 

pass without proper authority.   When required the clearance board may be located at the 

Operations clearance point which is located at wider track centres to provide specific working 

conditions for operating staff. 
 

-  Insulated joints and/or Signals 

 

7.7         Geometry design requirements for alignment at platforms 
 

When track alignment is being reviewed or new trackwork is being constructed, consideration 

needs to be given to the effects on the platform gap.  Whilst the requirements address alignment, 

changes in track alignment and superelevation design may also necessitate small changes in track 

grading. 
 

The requirements address different situations where different levels of flexibility are available to the 

designers. 
 

Where a completely new corridor is being designed maximum flexibility is available allowing the 

location of a station and the geometry at the station to be determined to minimise the platform gap. 

Where a new track and platform are to be designed within an existing corridor there is much less 

capacity to minimise gap and where the platform and track are already fixed there is no flexibility at 

all. 

 

7.7.1        Platform gap 
 

The size of the platform gap is influenced by the following issues: 
 

-  Track structure - Concrete track requires less gap than timber or steel sleepered track.
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- Track alignment – track on curves, especially sharp curves, will require a greater gap than 
tangent track. 

 

- Changes in track alignment – changes in curvature within or near to the platform area will 
cause an increase in the clearance required. 

 

- Turnouts – the presence of any turnouts within the platform area will require an additional 
clearance or scallop that also gives rise to an inconsistency in the platform gap. 

 

-  Superelevation – higher superelevation will require a greater gap. 

7.7.2        Platform gap design requirements 
 

7.7.2.1       New platform or track design within an existing corridor – Normal limits 
 

The following requirements shall apply for the design of new platforms and/or new 

trackwork at platforms that are in an existing corridor unless approved otherwise by 

the Engineering Manager: 

 
 
 
 

............. MR

-  Turnouts prohibited in or within 20m of the platform                                                 ..............NL 
 

-  Track curvature - minimum radius 600m                                                                  ..............NL 
 

-  Sharpening of curvature within 20m of a platform prohibited                                   ..............NL 

- Superelevation - maximum of 60mm or up to 100mm where clearance affects 
are negated by coping design (overhang). 

..............NL

-  Track structure - Steel sleepers.                                                                               ..............NL 
 

 

7.7.2.2       New platform or track design within an existing corridor – Maximum or minimum 
limits

 

The following requirements shall apply for the design of new platforms and/or new 

trackwork at platforms that are in an existing corridor unless approved otherwise by 

the Engineering Manager. 

 

............ MR

 

 -  Turnouts prohibited excepting those which affect only the end of the platform 
(last 15m) by no more than 10mm and for which the gap will be consistently 

.............ML 

applied for the remainder of the platform after a 1 in 20 ramp to the basic  
clearance.  

-  Track curvature - minimum radius 400m .............ML 

- No sharpening of  curvature within 20m  of  a platform that would increase 
clearance requirement by more than 10mm 

.............ML 

- Superelevation - maximum of 75mm or up to 100mm where clearance affects 
are negated by coping design (overhang). 

.............ML 

-  Track structure - Steel sleepers. .............ML 

 

7.7.2.3 
 

Realignment of an existing platform 
 

 Realignment designs for existing platforms should endeavour to reduce the platform ................G 

 gap  by  considering  the  following  effects  and  selecting  the  most  effective  

 combination that  is  practical to  implement.    Both  the  track  alignment and  the  

 platform coping design should be considered:  

 -  Removing or minimising the effect of turnouts.  

 -  Removing or minimising the affect of changes in curvature within 20m of a  

platform. 
 

-  Reducing the superelevation
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-  Installing concrete sleepers 

-  Sharpening of curvature within 20m of a platform should be avoided 

7.7.2.4       Temporary platforms 
 

Where staging of new work requires the construction of a temporary platform the 

requirements of Section 7.7.2.2 must be met unless otherwise approved by the 

Engineering Manager. 

 
 

............. MR

 
 

7.8         Geometry design requirements for regrading and realignment 
 

This section sets out the geometry requirements for re-grading (adjustment of the vertical level) 

and re-alignment (adjustment of the horizontal position) of existing tracks. 

When upgrading or reconditioning track, the approved grading shall be appropriate 

to the track classification. 

............. MR

Where a track is completely reconstructed from (and including) the formation, it 

shall be treated as a new construction for survey and application of standards. 

............. MR

 

7.8.1        Regrading 
 

Where design is being undertaken for re-grading the following requirements shall be 

considered: 

- Condition of formation and variations of existing formation level necessary to 
meet standards. 

- The condition and depth of existing ballast and track classification to which the 
work is to be carried out. 

 

 
............. MR

 

The special requirements of finished level for bridges, platforms and other fixed structures shall be 

considered as outlined below.

- The effect of excavation or fill on the stability of adjacent structures must be 
reviewed by a civil Engineer based on the results of an appropriate 
geotechnical/structural investigation 

- This applies to the footings of all structures, such as bridge abutments, piers, 
wingwalls, tunnels, retaining walls, platform walls, signal gantries and towers. 

 

- When   regrading   past   platforms,   platform   heights   shall   comply   with 

OTCS 215.  Design approval is required for lowering of the formation level to 
achieve the required coping height at platforms.  Provision must be made for 
drainage of the depressed formation area and the new track surface must 
conform to relevant standards. 

 

- If  minimum clearances cannot be obtained at  overbridges and raising the 
overbridge is not possible, lowering the existing formation is only acceptable if 
provision is made for drainage of the lowered area. 

- Where regrading is proposed in tunnels and reconstruction of the track bed is 
required, the finished reconstruction is to provide for a tunnel complying with 
the clearances specified in OTCS 215. 

 

............. MR 
 

 
 
 
 
 
............. MR 
 
 
 
 
 

............. MR 
 

 
 
............. MR

 

7.8.2        Re-alignment 
 

Where track alignments are required to be modified to accommodate changed 

operating environments, the requirements of other standards shall be taken into 

consideration. Some of the issues that need to be considered include: 

 

 
............. MR
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- Formation  width;  if  not  to  standard  width,  shall  be  widened  to  meet  the 
requirements of OTCS 410 “Formation & Earthworks” 

- The provision of road access needs to be considered to permit reasonable 

access to all signals as well as for track maintenance purposes.   In double 
track areas, one side shall be the prime access with special access where 
specifically required on the other.   In multiple track areas it is desirable to 
provide maintenance access along alternate ‘6 foot’. 

 

- The basic centreline for the section shall be re-established and all track centres 
checked. 

 

-  In multiple track areas, the ultimate mainline track centres shall be as set out in 
OTCS 215 “Transit Space”. 

 

- Where  structures require reconstruction or  modification, provision shall  be 
made  for  the  ultimate  track  centres  without  requiring  significant  future 
alteration. 

 

This shall include placement of trackside structures (except platforms).  The 

requirements of OTCS 215 shall be met in existing and future designs. 

............. MR 
 

 

................G 
 
 
 
 
 

................G 
 

 

............. MR 
 

 
............. MR 
 

 
 
............. MR

-  Track centres across existing underbridges shall comply with OTCS 215.          ............. MR 

- OTCS 215 details the requirements for upgrading existing platforms.  Where the 
existing platform face cannot be modified to comply, it may need to be rebuilt. 

- Bridges that cannot be modified to comply with OTCS 215 may need to be 
reconstructed or rebuilt. 

 

- Where  a  tunnel  does  not  allow  widening of  track  centres  to  comply  with 

OTCS 215, it will need to be modified to allow the passage of any vehicle 
conforming to the appropriate Rolling Stock Structure Gauge 

................G 
 

 
 
................G 
 

 
................G

 

7.9         Changes to track geometry affecting station platforms 
 

Where track reconstruction is proposed through existing platforms the following 

matters shall be resolved as part of the design:- 

- Review track alignment design to consider the platform Gap design 
requirements. (See Section 7.7.2). 

-  Review what, if any, works are proposed for the platform 

DO NOT plan or undertake design, maintenance or upgrading activities that would 

cause  the  track  to  be  non-compliant  to  platform  height  tolerances  unless  a 

standards waiver is obtained from the Engineering Manager. 

 

 
............. MR 
 
 
 
 
 

 
............. MR

 
 

7.10       Geometry design requirements for temporary track work 
 

Geometry design of temporary trackwork that is required for no longer than six months during 

staged construction of permanent works shall meet the following requirements: 
 

Track geometry shall be designed to the maximum (or minimum) limits detailed in Sections 7.4 and 

7.5 except for track at platforms, which must meet normal limits, also detailed in Sections 7.4 and 

7.5. 
 

Track shall be constructed to meet the maintenance limits detailed in Section 12.2. 
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