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1. Introduction 
1.1 Background 

This appendix describes the engineering solutions that would meet the inland railway’s 
requirements for freight capacity and overall journey time (both of which are considered in 
the Financial and Economic Analysis) as well as the overriding need for operational safety.   

Several engineering approaches exist for meeting the capabilities required of the railway, 
and each of these has different capital costs, long-term performance, and on-going 
maintenance costs. 

The proposed route for the inland railway interfaces with existing operating railways in many 
locations, and this affects the engineering solutions adopted. 

Table 1-1 Performance specifications 

Attribute Performance  

Maximum freight train transit time 
(terminal-terminal including crossing loop 
delays) 

Target driven by a range of customer preferences and 
less than 28 hours 

Gauge Standard (1,435 mm) (with dual gauge in some 
Queensland sections).  

Desirable max freight operating speed 115 km/h (@ 21 tonnes axle load (tal) (passenger 
trains, if any, could be 130-160 km/h) 

Maximum1 axle loads 21 tonnes at 115 km/h (for containers)  
(higher axle load, e.g. 25 tonnes would be permitted at 
lower speeds such as 80 km/h 

Reliability Not less than coastal route  

Operating costs End-to-end, lower than coastal route 
Minimum vertical clearance above top of 
rail (to allow for double stacking) 

7.1 m for new structures, any amendment to existing 
structures to be dependent on economic benefit 

Assumed maximum train length 1,800 m 
1. Can be increased in future with larger rail, heavier sleepers or deeper formation.  New bridges, which have very long service lives, 
allow higher axle loads (32 tonnes), as the incremental cost of building to higher standards is small compared with the cost of 
replacing or upgrading a bridge prior to the end of its service life. 

1.2 Objectives 
The objectives of this appendix are to: 

• Outline the engineering standards to be adopted in order to provide an infrastructure 
capable of satisfying the operational demands at a reasonable construction and 
maintenance cost 

• Record the engineering assumptions made in determining these standards. 

The outcomes of this appendix serve as inputs to the route selection process and provide a 
guide to the project’s capital costs. 
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1.3 Outline 
The design standards adopted have a significant effect on both the railway’s operational 
capabilities and its capital expenditure requirements.  Section 2 discusses the options 
available and the approach adopted for the study. 

Section 3 presents the standards that would affect the operation of the railway as well as the 
speed of the trains that use it.  These standards relate to speed, curves and grades.   

The following section presents the design standards for permanent way, signalling, road 
intersections and rollingstock outline.   

Track classification 
The inland railway is a standard gauge railway.  Current applicable ARTC standards classify 
tracks in terms of their structural description rather than their operational requirements. 

ARTC standard TDS 11, Standard Classification of Lines, gives a physical description of the 
structural make-up of a class of track (in terms of rail size, sleeper type, ballast depth, etc) 
and then identifies the operations (in terms of axle loads and speeds) permitted on each 
class of track.  This is the usual way in which tracks have been classified in NSW, and the 
current ARTC standard is the same as RIC standard TS 3101 v4.2 which applied previously. 

The Rail Industry Safety and Standards Board has developed a Code of Practice with an 
alternative method for classifying tracks based on their operational requirements, that is, in 
terms of train types, axle loads and speeds. 

ARTC plans to replace the current NSW track structural classification system with the Code 
of Practice operational classification system, but at the time of writing the change has not 
been introduced, and TDS 11 is still applicable in NSW.  Accordingly the study has followed 
the existing structural classification system and refers to tracks as Class 1 or Class 2, etc. 
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2. Level of specification 
2.1 Methodology 

Inland Rail is a ‘clean sheet’ concept.  As no inland route currently exists between Melbourne 
and Brisbane, there is an opportunity to develop new standards for both rollingstock and 
below rail infrastructure.  These new standards are considered in terms of both the capital 
cost and operational benefits.  

Building the inland railway to a higher standard would allow increased speeds and axle 
loads.  However the higher standard would require additional capital expenditure.  Building 
the railway to a lower standard would result in reduced capital costs at the expense of 
operational restrictions. 

Most of the existing infrastructure in the corridor is already of Class 1 standard or is being 
upgraded to Class 1C.  (See Table 4-3 for details of Class 1C track).  The study route uses a 
considerable amount of that track to achieve capital expenditure efficiency.  Upgrading the 
entire route to a higher standard would be expensive due to the new rolling stock purchases 
and long distances involved.  Operating the entire inland railway to a higher standard is not 
considered to be viable at this stage but would be considered at a later stage depending 
upon economic viability.  Existing standards are adopted where existing track would be used. 

New sections of track could be constructed to a higher standard, a lower standard or to 
existing Class 1 standards.  Class 1 standards have been developed and refined over years 
of operating freight railways in Australia; therefore constructing to a lower standard would not 
be efficient.  Sections of new track could be constructed to: 

• A higher standard (not currently used in Australia) or 

• Current Class 1 standards. 

Higher standard 
The main benefit of a higher standard of track is increased line speed and axle loads.  As a 
considerable amount of existing track would be used, axle loads would be restricted to the 
limits imposed by existing track.  (Reorganising loads as trains progress along the route 
would not provide any significant operational benefits). 

A higher track specification would allow trains to travel with a higher axle load at higher 
speeds over the new track sections.  To operate at higher speeds, new rollingstock would be 
required as existing rollingstock is designed for existing Class 1 track standards.  Additional 
capital expenditure would also be required to build the higher standard track because there 
is no proposal to increase maximum line speeds for freight trains on the ARTC network.  The 
operator would be restricted to using the full potential of that rollingstock on the new, more 
highly specified parts of the inland route only. 

Current Class 1 standards 
Adopting current (or similar) standards for both existing and new track offers considerable 
benefits: rail operators could operate the same rollingstock as they currently do on the 
network; maintenance routines and techniques from the existing network could be applied on 
the inland route; and construction methods, materials and equipment would remain 
unchanged.  Higher speed services (above 115 km/h) could still operate on the route, but 
they would be required to operate at a lower axle load. 
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For the above reasons, design standards have been developed for the inland railway that 
are consistent with the standards currently applying to other Australian railways.  A 
combination of new track (constructed to Class 1C for increased speed and tonnage) and 
existing Class 1 and Class 2 track (current standards) would be adopted for the railway.  Any 
existing Class 3 track would be upgraded to Class 1C to allow for higher axle loads than are 
currently permitted on Class 3 track. 

Future upgrade potential 
New alignments in greenfield areas will be designed for possible future higher speed 
operation by adopting large radius curves wherever possible.  Although future upgrading of 
lines could involve the use of larger rail, heavier sleepers or deeper formations, it is 
recognised that the alignment itself is generally fixed in the long term. 

It is reasonable to assume that as a result of a future rollingstock upgrade, higher freight 
operating speeds would be possible.  The possible track structure requirements for such 
future operations cannot be predicted at this stage.  It is also possible that such an operation 
may not be introduced within the life of the initial track structure.  However because the new 
alignment design (the position of the track on the ground) has essentially an infinite life, it is 
designed with future train operations in mind.  This involves adopting large radius curves 
where it is practical to do so without incurring unreasonably high additional capital 
expenditure.  This is especially possible where greenfield sites are in open country, with few 
constraints on alignment design.   

In the case of bridge structures, which have very long service lives, it is reasonable to try to 
predict potential future loads as the incremental cost of building to higher standards is small 
compared with the cost of replacing or upgrading a bridge prior to the end of its service life.  
The importance of anticipating the requirements of future train operations is reflected in the 
current ARTC design standard for bridges (BDS 06) which calls up a rating of 300-LA from 
the Australian Bridge Design Code as a design requirement for new and upgraded bridges.  
Therefore new and upgraded bridges on the inland railway will allow for 32 tonnes axle 
loads. 

2.2 Current standards 
This study has used ARTC standards as the governing rail standard, with other standards 
referenced where they are considered more appropriate.  Although it is acknowledged that 
the inland railway may be owned and/or operated by a private company, ARTC standards 
are considered the most relevant.  As a minimum, the inland railway would need to be 
compatible with the other ARTC freight lines. 

ARTC has a new draft set of standards that could be applicable to this project.  Because 
they have not been authorised for use at this stage, they are not referenced here.  However, 
indications are that, if adopted, they would reduce only slightly the level of capital 
expenditure required on trackwork. 

The Melbourne-Brisbane Inland Rail Alignment Study relates to three states: Victoria, New 
South Wales and Queensland, each of which has different standards or legislation for some 
areas, for example environmental and hydrology standards.  Where different standards need 
to be adhered to in each state, they have been identified. However construction of the inland 
railway would not involve any changes to the section in Victoria, from Melbourne to Albury. 
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2.3 Context 
For the purpose of this project there are three types of works: 

• New greenfield track 

• Upgraded existing track 

• Use of existing track. 

For track and structures, different standards may apply for the different work types. 

Details of the work type that applies to each specific section of track are contained in 
Appendix E. 
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3. Operational constraints 
3.1 Gradient 

3.1.1 Effect of gradients on trains 
A train travelling up a continuous, uniform gradient will slow down to a point where the power 
of the locomotives at full throttle balances the effects of gravity.  This is known as the 
balancing speed.  Trains are generally loaded to the ruling grade on their route.  Their speed 
will be reduced to their ‘balance speed’ on any long sections of ruling grade which can have 
significant effect on journey times. 

Even with three powerful locomotives, a heavily loaded train will be affected very significantly 
by gradients. 

Table 3-1 shows the balancing speeds for the Inland Rail reference train on various 
gradients. Figure 3-1 shows the train speed over distance for various grades.  They show 
that the steeper the grade is, the more quickly the train slows down to a lower speed.  
Steeper grades used over very short sections (such as those encountered in grade 
separations) have minimal impact on train speeds. 

Table 3-1 Balancing speed on various gradients for typical train 

Grade Balancing speed (km/h) 

1 in 40 23.77 

1 in 50 29.42 

1 in 60 34.77 

1 in 80 43.83 

1 in 100 51.65 

1 in 133 63.00 

1 in 150 67.75 

1 in 286 88.00 
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Figure 3-1 Effects of grade on train speed 

Sections of ruling grade, and grades approaching the ruling grade, affect train speeds.  Even 
quite gentle grades can slow trains down if they apply over long sections (see Figure 3-1, 
which shows the effect on train speed of different grades applying over a distance on the 
Inland Rail reference train).  Building to the absolute steepest grade can significantly affect 
train speeds and therefore journey times.   

3.1.2 Standards 
ARTC has a standard for gradients on new track (ARTC Engineering Standard TDS 09), 
which states that the steepest desirable gradient is 1 in 100.  However, significant sections of 
existing track for the inland railway already have grades steeper than 1 in 100, with up to 
1 in 40 (between Wagga Wagga and Junee).  These 1 in 40 grades are isolated and impose 
a significant constraint on existing traffic.  Over time, these 1 in 40 grades could be eased, 
leaving the existing 1 in 50 grades in Victoria as the steepest on the inland railway. 

With this in mind the target maximum grade for the inland railway has been specified to 
compromise achieving ideal operating conditions and reducing capital costs depending on 
the characteristics of the terrain.  Table 4-1 shows the absolute steepest grade to be 
adopted in each of the different construction situations and terrain types. 

3.2 Curvature 

3.2.1 Effect of curvature on trains 
Train speed is limited by the curvature of the track; the tighter the curve, the slower a train is 
required to go.  A 400 m radius curve allows a maximum potential speed of 80 km/h.  This 
represents a speed restriction for inland rail traffic.  The minimum radius curve that can be 
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negotiated under normal circumstances at 115 km/h is 800 m.  Therefore for areas with a 
target speed of 115km/h, the minimum radius to be adopted will be 800 m.   

In areas where there are other existing speed constraints, a minimum radius could be 
adopted to match those constraints.  For example, in mountainous terrain, where proposed 
steeper grades would have the effect of slowing the speed of trains, tighter curves could be 
adopted.  This could lower construction costs considerably. 

3.2.2 Standards 
The ARTC standard for curvature of new track (ARTC Engineering Standard TDS 09) states 
that the typical design limit for curvature is 400 m, with a recommended minimum of 160 m. 

The recommended minimum limit of 160 m is based on physical limitations of the vehicles 
and does not provide a suitable geometry for mainline operation, since speeds would be 
greatly restricted, and maintenance costs would become excessively high. 

To reduce long-term maintenance costs and to ‘future-proof’ the corridor large radii curves 
will be adopted where possible without incurring unreasonably additional capital expenditure. 

The minimum curve radii adopted for the inland railway are: 

• 800 m - Minimum target radius (fast inland alignment) 

• 400 m - Minimum allowable radius (medium speed mountainous alignment). 
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4. Design standards 
4.1 Alignment 

Development of design standards for the inland railway assumed that different levels of work 
would be required, and different standards would be followed, depending on both the 
geographic location and the condition of existing infrastructure. 

In the case of greenfields alignments, the standards adopted depend on the physical terrain, 
and whether it relates to high speed inland areas or medium speed mountainous areas. 

In the case of areas where existing track is used, the level of work proposed and the 
standards followed depend on the existing class of track, and whether the proposed track 
follows the existing alignment or whether it involves local deviations.  Generally Class 1 track 
that is used in the proposed alignment does not require any additional works, Class 2 track 
would be upgraded depending upon operational benefits.  The current operating conditions 
of existing track would be maintained for the inland rail traffic. 

In areas used by existing traffic, the work proposed may be influenced by the needs of other 
traffic, such as narrow gauge traffic in Queensland. 

Table 4-1 summarises the different treatment options for new or upgraded tracks.  Where 
required, the alignment grades will need to include compensation for horizontal curvature to 
achieve the target grades. 

Table 4-1 Treatment for different track types 

Situation Track 
treatment 
option 

Proposed track 
work 

Target 
speed 
(km/h) 

Steepest 
desirable 
grade 

Absolute 
steepest 
grade1  

New fast inland 
alignment 

New construction to 
Class 1C 

115 1 in 100 1 in 80 Greenfields 

New medium 
speed 
mountainous 
alignment 

New construction to 
Class 1C 

60–80 1 in 100 1 in 50 

Existing Class 
3/5 tracks 

Existing 
alignment 

Reconstruction to 
Class 1C 

115 1 in 100 1 in 80 

Dual gauge fast 
alignment 

Reconstruction to 
Class 1C equivalent  

115 1 in 100 1 in 80 Existing 
narrow gauge 
corridors 

Dual gauge 
medium speed 
mountainous 
alignment 

Reconstruction to 
Class 1C equivalent 

60–80 1 in 100 1 in 50 

Although the steepest desirable grade is 1 in 80, there are sections of track where the 
existing alignment is at 1 in 40.  Where the track (or associated infrastructure such as 
bridges) is to be upgraded, the gradient will be left unchanged due to the cost of track 
re-grading.  Similarly, through mountainous terrain, the option of further steepening the 
grade to the absolute maximum of 1 in 50 is applied where the cost of construction to 1 in 80 
cannot be justified in terms of operational benefits, particularly where steeper grades are 

                                                      
1 Compensated to account for the additional resistance from curves 
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associated with tight curves, which also have the effect of slowing trains down.  This is 
reflected in the curve and gradient standards for mountainous alignments. 

4.2 Track 
Structure 
Where the track conditions are acceptable for axle load and speed, the track will not be 
upgraded.  Generally Class 3 track will be upgraded to Class 1C, with Class 2 upgraded to 
Class 1C where required for operational benefits, and Class 1 track remaining unchanged.  
A brief summary of the differences between Class 1C, 1, 2 and 3 is outlined in the following 
table (summarised from ARTC standard TDS11). 

There is potential for some parts of this upgrading to be staged.  An option when upgrading 
Class 2 track would be to delay re-railing, and begin normal Class 1 operations on the 
existing 47kg/m rail.  This is likely to lead to deterioration of the 47kg/m rail, but if properly 
managed could lead to cost savings. 

Table 4-2 Track standards 

Class Axle Load Max. Speed (km/h) - Freight Sleeper Type 

1C 25t/21t 80/115 Concrete 

1 25t/21t 80/115 Timber/Steel 

2 21t 80 Timber/Steel 

3 19t 70 Timber/Steel 

As per ARTC Standard TDS 11, the standard classification of lines for new or upgraded track 
will be Class 1C. The details are: 

Table 4-3 Details, Class 1C Track 

Track component Specification 

Rail section 60 kg/m (53kg/m for existing track), standard carbon with optional head 
hardened rail 

Ballast depth 270 mm below sleeper 

Ballast grade standard ballast 

Sleeper type heavy duty concrete 

Sleeper spacing 600 mm 

Ballast shoulder width 300 mm 

Track gauge standard, 1,435 mm, with provision for narrow gauge where dual gauge 
alignments are proposed 

4,000 mm, main line where straight or curve radius exceeds 1,000 m 

4,000 mm minimum (varies) where curve radius is less than 1,000 m 

5,835 mm, main line (where signals are required to be placed between 
the tracks) 

5,900 mm, crossing loops 

Track centres 

6,400 mm duplicated track (where constructed adjacent to an existing 
track) 

The above track specification will be capable of the following performance. 
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Table 4-4 Track performance 

Criteria Performance 

Maximum axle load 25 t (typically 80 km/h) 

115 km/h for 21 t axle load freight 
115 km/h for 22 t axle load locomotive (typical NR class) Maximum speed 

160 km/h for 19 t axle load such as XPT trains 

Geometry 
As per ARTC Standard TDS 09, Mainline Track Geometry and train modelling requirements, 
the criteria are: 

Minimum length of a transition curve  75 m 

Minimum vertical curve radius   5,600 m 

Maximum superelevation   125 mm 

Maximum superelevation deficiencies  +/- 75 mm 

Maximum rate of change of deficiency  35 mm/sec 

4.3 Clearance 
Rollingstock outlines will be adopted as follows: 

• Any new structures including tunnels – Double Stack Rollingstock Outline  

• All existing structures –  Non and Narrow-Electric Rollingstock Outline (ARTC 
Standard BDS 11, figure 1) 

Vertical clearances for any new structures need to comply with ARTC 2008 draft Clearances 
Strategy V4, Sept 2008, for rollingstock outline F (refer to Figure 4-1).  Vertical clearances 
for any existing structures could remain unchanged until such time as the structure is 
replaced. 
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Figure 4-1 Rollingstock outline F — structure outline 

Horizontal and vertical alignment design criteria, formation and earthwork 
The reference standards for the above criteria are ARTC standards: TDS08, TDS09 and 
TDS11.  In addition to the mentioned standards, the type of freight train (maximum speed, 
axle load and ruling grade) is an important reference. 

Turnouts 
All turnouts would be standard high speed tangential on co-planar track and typical of ARTC 
standards.  Depending upon the application, these turnouts allow speeds ranging from 
75 km/h for mainline use (1 in 18.5) to 35 km/h for siding use (1 in 9). 
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4.4 Signalling and communications 
It has been assumed that by the time design and construction of an inland railway 
commences, ARTC’s Advanced Train Management System (ATMS) will be proven and 
operational, and will be the logical control system for the railway. 

If ATMS is still under development at the time of construction then a train order working 
system with in-cab controlled electric points machines would be a suitable interim safe 
working system. 

Given that the final infrastructure arrangements necessary for ATMS remain under 
development, the study has assumed infrastructure comparable to the train order system 
described above. 

4.5 Road intersections 
The new alignment, and those sections of the existing network that are used in the inland 
railway, intersect with the road network at many points.  The detailed design of the crossings 
of the inland railway and the road network will be in accordance with the Australian Level 
Crossing Assessment Model (ALCAM).  Each crossing will be assessed according to its level 
of safety for grade-separated and level crossing options.  Where the use of a level crossing 
can be justified on safety grounds, an active or passive level crossing would be provided 
(again according to an ALCAM assessment).  The options assessment could also consider 
alternative routes such as those achieved by combining crossings.  

4.6 Fencing 
It has been assumed that all greenfields works will require fencing consistent with ARTC 
standard RDS 01 (‘Standard Fencing’) on both sides of the corridor, and that existing fencing 
would remain where existing rail lines are upgraded. 

In areas where new alignments parallel existing roads, there is the opportunity to use 
existing road fencing for one side of the corridor with new fencing being built on the property 
side only.  Similarly, where alignments parallel existing property boundaries, existing fencing 
may prove adequate to meet the requirements of the standard. 

 


