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1.1

1.2

1.3

General Requirement for Managing Vehicle Defects and Disabled
Trains

General Requirements

This document describes requirements for the management of vehicle defects and disabled trains on
the ARTC Network. Many defect types are categorised by severity and with corresponding action for
operating on the ARTC Network. This appendix should be read in conjunction with ARTC Route
Access Standard (General Information and Section Page) requirements and Network Rules and
Procedures.

Operators shall have procedures for defective vehicle examination and operation, and disabled train
recovery that address the defect limits discussed in this document for operation on the ARTC
Network.

When any train experiences a partial or complete failure such that it cannot complete its journey
under its own power, it is classified as a disabled train. The train may also be considered disabled if
an unsecured or out of gauge load cannot be rectified and is deemed unsafe to continue.

When any vehicle on a train becomes defective, the vehicle must be made safe to travel, by:
e repairing/replacing the defective componentry, and/or
e applying additional operating conditions such as speed and routing restrictions.
Defective vehicles may be detected by observation or by a wayside monitoring device.

Where this procedure prescribes a restricted speed for a defective vehicle, the maximum permitted
speed over any track section is the lower of the speed prescribed by the following defect tables and
the maximum permissible track speed for that section.

Limitations

Unless specified in this document, all requirements from RAS General Information apply, this
document may permit alterations to the Train Marshalling, Distributed Power and Train Braking
Requirements sections of RAS General Information in specifically prescribed and limited scenarios
for recovery situations.

This document does not approve the modification of any network rules or procedures.

Reference Documents
The following documents support this procedure:

e ARTC Network Rules and Procedures
o NSW:
= ANTR 404 Using Brakes
= ANTR 406 Using Train Lights
= ANTR 412 Defective Running Gear
= ANTR 414 Defective Vehicles
= ANTR 416 Disabled Trains
o SA/WA/Western VIC:
= NSFO 458 Rail Traffic Disabled in the Section
= NSFO 456 Locomotive and Headlight Operation
o Other parts of VIC:

This document is uncontrolled when printed. Version Number: 1.1  Date Reviewed: 7 May 26 Page 5 of 63



= TA20 - ARTC Code of Practice for the Victorian Main Line Operations (Sections
10 and 11)

e RISSB Code of Practice Wheel Defects

e AS7451 — Train Integrity

e ERG-38-01 - Route Access and Operations Standards Glossary

e ARTC RAS General Information

e RAS Appendix A - Rolling Stock Outlines and Loading Requirements
e RAS Appendix E - Guidelines for Operations

14 Definitions

The following definitions supplement those as defined in ERG-38-01 - Route Access and Operations
Standards Glossary. For wheel profile definitions refer Section 4.1 Wheel Features Definitions and
Dimensional Measurements.

This document is uncontrolled when printed.

Term or acronym Description

ACO Brakes with Air Cut Out

Class A grade of defect severity (when related to rolling stock wheel defects)
ECP Train A train with a braking system operating in ECP mode.

Note a train with the same vehicles may operate with an overlay system
which allows it to operate at a conventional automatic train brake, when
operating in this mode it is not an ECP train.

Emergency Coupler

A Transition Coupler that is designed for emergency use only.

In Gauge

Any vehicle or vehicle plus loading outline that is inside the height width
and lengths for the relevant corridors for permissible rollingstock outlines
on the ARTC Network. (Refer ARTC Route Access Standard)

Multiple unit passenger
train

Collective term for diesel multiple unit (DMU) and electric multiple unit
(EMU) passenger trains.

Not to Run Any vehicle with this specified defect class and action is prohibited from
operating on the network.

Operator’s A person authorised by an Operator to act on the Operator’s behalf.

representative Note: The Operator’s representative may be the train driver, the Operator’s
maintenance personnel or any other person nominated by the Operator as
being suitably competent to assess the situation

Out of Gauge A vehicle or load exceeding the loading outline for a particular section of

track.

Note: dynamic effects such as centre throw and end throw and load
securing must be considered

Refer ARTC Route Access Standard for route specific rolling stock outline
details and RAS Appendix A - Rolling Stock Outlines and Loading
Requirements
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Term or acronym

Description

Out of Round Wheel A wheel that exhibits rim radial run out that exceeds the maximum
permissible. Includes wheel tread corrugation.
Overheated Wheel A wheel that has been subjected to potentially damaging thermal input,

typically as a result of heavy braking or sticking brakes.

Remove from Service

Removal of vehicle from service within the specified time until the damaged
wheelset is replaced by a serviceable wheelset or where appropriate,
machined on an underfloor lathe

Steep Descending
Grade

A gradient on which the train cannot be held and the braking system
recharged. Depending on the train this may be any gradient steeper than
1:75.

Transition Coupler

A Transition Coupler is a device that is designed to adapt the coupling
interfaces between two types for coupling systems. These may also be
referred to and designed for use as “emergency coupler” or “shunting
coupler” when used in business as usual operation.

Tread Defect

Wheel tread defects such as: Tread scale build up, spalling,
shelling, skids, Rolling-Contact Fatigue (RCF) or out of round
wheels:

Trip Train operations typically constitute a cycle of forward (or
“loaded”) and return (or "empty”) journeys. Where this
document refers to a “Trip” it is either the forward or return
journey.

Work Out of Service To work to a suitable yard, service depot, siding or location

where rolling stock can leave the running line for repair or
replacement of vehicle equipment.

Note: “Work” in the context of this definition means to
operate/drive a locomotive or self-propelled vehicle, alone or
coupled to one or more vehicles

This document is uncontrolled when printed.
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2 Managing Disabled Trains and Defective Vehicles

Operators shall establish systems and manage all risks associated with disabled trains and defective
vehicles including, but not limited to the following, provided that:

1. The Operator’s representative shall in all cases advise the ARTC Network Controller of any
speed or other restrictions or limitations that will apply to assure the safe recovery of the train.

2. Unless it is an emergency, the Operator’'s representatives of the assisting and disabled trains
shall consult each other to determine and ensure application of all specific operating
instructions, restrictions and technical information which may affect the safe removal of a
disabled train from the network section.

3. The Operator’s representative shall use rail traffic management information sourced from the
ARTC Network Controller(s). Any planning for a disabled train to be assisted or removed from
the network section by another train shall be-done with the assistance of the ARTC Network
Controller.

4. The Operator’s representatives shall provide the ARTC Network Controller with an assurance
that a disabled train or a defective vehicle is certified as safe to travel before continuing, being
assisted or removed from the section.

5. Before a train that has divided, remarshalled or had vehicles detached continues, the ARTC
Network Controller shall be provided with an assurance that the train is safe to travel. Also refer
to Section 2.1 - “Recommended Operator Considerations”

6. If trains are amalgamated with the locomotives on the second train coupled to the rear vehicle
of the leading train, the conditions in RAS General Information Section 10.8 - Train
Amalgamation and Section 8 — Train Inspection shall apply. The end of train marker (EOTM)
must be relocated to the last vehicle.

7. The Operator’s representative shall in all cases advise the ARTC Network Controller of any
speed or other restrictions or limitations that will apply to the train as a result of technical
incompatibilities or for any other reason.

8. Addisabled train being hauled may travel up to normal speed provided the driver is in the leading
vehicle and in full control of the automatic air brake of the whole train and there are no other
Operator imposed speed restrictions.

9. Conditions where the automatic air brake should not be relied upon to hold a train stationary on
a grade, these conditions should prioritise ensuring that the train remains held at all times in the
securing process, refer RAS General Information Section 4.14 - Holding a Train Stationary.

10. The Operator’s representatives shall ensure that the couplers are suitable for the route and
amalgamation of the combined trailing tonnage. The draw strength of any vehicle in the
combined train consist must not be exceeded.

If there is an emergency and the disabled train must be moved to assure the safety of rail workers or
the public, the train may be moved without consultation of all appropriate operator representatives to
the nearest safe position provided that all appropriate restrictions/conditions are applied.

Additional Considerations for Passenger Trains

When trains conveying passengers fail, the Operator shall manage all on-train passenger
requirements and arrangements in respect of:

e any special requirement for the train to stop to detrain passengers
e decisions for operating rolling stock in or out of service

e moving or repositioning passengers within the train.
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21 Recommended Operator Considerations

Operator’s systems & procedures for recovery of disabled trains should include considerations such

as:

Adherence to all applicable ARTC Network Rules and Procedures. For example, in NSW:

o ANTR 414 — “Defective Vehicle” applies to defective vehicles and gives detailed
information about reporting the train as well as securing and protecting the train.

o ANTR 416 — “Disabled Trains” applies to all disabled trains and gives detailed
information about reporting the train as well as securing and protecting the train.

o ANTR 406 - “Using Train Lights” applies to the use of train lights in all operating
conditions for any train. It contains minimum requirements for what numbers of which
lights must be illuminated as well as alternative restrictions that may be applied if select
lights are not able to be illuminated.

o Similar ARTC Network Rules apply for operations outside of NSW. For example, SA /
WA / Western VIC Rules NSFO 458 Rail Traffic Disabled in the Section and NSFO 456
Locomotive Headlight Operation. In other parts of VIC, TA20 applies, specifically
Section 10 Working of Trains, and Section 11 Train Signals.

safe accessibility to the wayside for Train Crew Egress and Recovery Crew Access as well
as securing the train, operating isolating cocks and coupling release levers,

the nature of the failure and whether the vehicle is safe to continue operating or if
continued operation will risk further damage and potential catastrophic failure of either
rolling stock or track infrastructure,

any other defects that may be present on the train, not associated with the failure that
resulted in the train becoming disabled,

the configuration that is to be recovered and any potential interface issues that may arise
such as:

o Crossing capacity for the route (potential considerations for overlength train)

o Stopping distance compliance assessment

o Controllability of the train, does the train crew have sufficient control authority over the
train to execute advised methodologies

o Communication and coordination between Train Crew and Recovery Crew

potential locations where recovering in the normal operating direction is more hazardous
than attaching rescue locomotives to the rear and hauling the train in the opposite
direction,

potential scenarios that may necessitate dividing the train and recovering it in multiple
portions to prevent derailment or separation,

location of any lightly loaded or structurally weak vehicles in the train and managing
potential separation/derailment risk for these specific vehicles,

presence of dangerous goods in the consist,

advice for limiting locomotive Tractive Effort (TE) to manage separation risk when lifting
heavy loads on steep grades. This may include but is not limited to:

o Limiting the number and type of locomotives that may be attached.
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2.2

o Advising methodologies to be used to mitigate separation risk if only locomotive(s) with

excess tractive capability are available,

e lateral loading effects due to tight curves, lifting from stationary and dynamic effects of

abnormal train configuration,

e compatibility with control systems such as ECP and WDP that the rescue locomotives may

need to interface with.

Note: Typically passenger trains are only compatible with being assisted a light engine movement /

consist with locomotives that have been selected for their compatibility.

Maximum Operating Speed of Recovery Train Configurations

In addition to the requirements within RAS General Information, Section 4.4 — “Maximum Train
Speed”, this document advises of additional speed limits that are applicable for defective vehicle
management or disabled train recovery. Operators conducting recovery movements of disabled
trains with defective vehicles shall adhere to the speed restrictions listed in Table D2.2 below:

Table D2.2— TRAIN SPEED RESTRICTIONS IN A RANGE OF CIRCUMSTANCES FOR DISABLED TRAINS

Circumstance

Max. Train Speed (km/h)

A disabled train assisted in a configuration where the train crew leading the UP TO 25
movement is only able to apply the train brake via an emergency cock.

A disabled train assisted in a configuration where the train crew leading the UPTO 10
movement has no direct control of the train brake. The leading train crew is to

be in constant verbal communication with the assisting train crew that has

control of the train brake.

When an emergency / transition coupler is used to couple XPT trains. UP TO 10
When an emergency / transition coupler is used to couple trains. UP TO 25
When multiple unit passenger train is assisted from the rear by a locomotive UP TO 25

hauled train.

Operating with air brake cut-out (ACO)

Refer table D3.1

Operating with defective ECP brake system

Refer section 3.1.1

Moving multiple unit passenger train with another multiple unit passenger train

Refer section 3.1.2 &
3.1.3

Movement of vehicles with a defective brake pipe in a train

Refer section 3.2

Movement of vehicles with defective wheels in a train

Refer section 4

Movement of vehicles with defective wheel bearings in a train

Refer section 5

Movement of vehicle with defective suspension in a train

Refer section 6

Over points and crossings when transferring defective vehicles supported by
pony bogies.

Refer section 8.2

Movement of vehicles with hunting issues in a train

Refer section 8.3

Note: The Operator’s representative may have additional controls including further speed
reductions and horsepower limits to manage load limits associated with specific vehicles

This document is uncontrolled when printed. Version Number: 1.1  Date Reviewed: 7 May 26

Page 10 of 63



23

24

241

and/or emergency / transition coupler designs. See section 2.1 “Recommended Operator
Considerations” for more considerations that the Operator’s representative may apply.

The Driver’s in Command/Control, speed restrictions and responsibilities

The Driver in command is also considered to be the driver in control of the recovery movement. This
is the driver that is onboard the train, and responsible for the safeworking of that train.

The Driver in command shall aways have direct access to the ICE radio that is registered to the train.

Where possible the Driver in command shall have full view of the rail corridor ahead of the recovery
train and full control of the train braking system. Where this is not possible the following information
describes the maximum permissible travel speed.

e  The Driver in Command should conduct a brief with all other train crew that are operating
the train to discuss restrictions that are to be applied.

e If the Driver in Command is only able to directly action a trainline emergency, the recovery
movement shall be restricted to no greater than 25km/h.

e Ifthe Driver in Command is unable to maintain a full view of the rail corridor ahead of the
movement whilst conducting their other safeworking duties the recovery movement shall be
restricted to travel no further than is required to clear the section at a restricted maximum
speed of 10km/h.

Management of Braking Systems

Most combinations of dissimilar train type have incompatible braking systems and thus an
emergency brake pipe connector is typically provided. (e.g. potentially freight locomotive coupled to
an EMU). The braking functionality that is provided varies depending on the class of vehicle.

If a train has been divided, had vehicles detached or remarshalled, a “modified brake pipe continuity
test” must be carried out.

If one or more of the last three vehicles have been changed then a brake holding test must also be
carried out.

Refer RAS General Information Section 8 for more information.

Connecting dissimilar braking systems

Freight trains typically have interoperable braking systems while most multiple unit passenger trains
and track machines do not. Care should be taken to ensure that the proper processes are used such
that neither vehicle’s brake system is damaged or operationally defective The Operator’s
representatives or Competent person(s) on the trains should be able to communicate these
processes directly without ARTC intervention.

Care must be taken to ensure that all brake pipes are retained in a position to prevent damage from
rubbing on either vehicle, track adjacent structures or dragging on the ground. It is also important
that the hoses remain kink free during travel to retain continuity.

A WARNING
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24.2

243

24.4

25

When coupling to vehicles fitted with buffers, gangway beams, diaphragms, etc., care must be
taken to ensure that there is adequate clearance between these items and brake coupling
cocks.

Vehicles fitted with spring applied emergency/park brakes, may require pressures in excess of the
minimum brake pipe pressure to prevent dragging brakes. These vehicles typically include Multiple
Unit Passenger Trains and some Locomotives and Track Machines and may require connection to
an 850kPa Main Reservoir (MR) supply to be safely moved. In these circumstances it will only be
possible to retain emergency brake / breakaway protection.

In most circumstances with vehicles with dissimilar braking systems, the Driver in Command will not
retain full brake functionality and thus a 25 km/h speed restriction is likely to be applicable. Refer to
section 2.3 — “The Driver’s in Command/Control, speed restrictions and responsibilities”.

Attaching Non-ECP vehicles to ECP braked freight trains

ECP trains do not vary their brake pipe pressure during braking applications. Prior to attaching the
non-ECP vehicle(s), the ECP train may need to be remarshalled to allow the effective use of ECP
by-pass cable(s). Except where the by-passed vehicle is a locomotive that has continuity of all four
brake pipes, the by-passed non-ECP vehicles shall be considered as ACO vehicles.

Recovering an ECP braked freight train

When recovering an ECP braked freight train, preference shall be given to maintaining the ECP
Braking system in “RUN” mode. Where this is not possible, refer to Section 3.1 — "Defective Air
Brakes".

Non-ECP Locomotives may be attached to ECP trains without being connected to the ECP braking
system provided that they do not prevent the transmission of brake commands to any ECP braked
vehicles from the commanding unit. In some cases, ECP bypass cables may be used to bypass a
non-ECP locomotive, enabling the non-ECP assisting locomotives to be marshalled behind the
leading ECP locomotive. In a head end hauled train, this effectively gives the Driver in command full
control of the train braking system.

Operators are to ensure that they have procedures for securing, protecting, and connecting ECP by-
pass cables such that operational integrity risks and outline clearances are appropriately managed.
Recovering of vehicles with defective brake energy supply

Typically rail vehicles require a pneumatic air supply to be moved and have a provision to enable
recovery/rescue with a pneumatic air supply from a coupled vehicle/train. Some track machines and
heritage locomotives have hydrostatic, hydraulic friction braking and/or a hybrid braking system.

If braking energy cannot be supplied by a coupled vehicle, refer to Section 3 — Defective Brakes.

Limitations based on the assisting locomotive(s)/vehicle(s)

When planning the attachment of assisting unit(s) to a train, all applicable operator’s representatives
shall agree on limitations to manage:

e  String-lining / Jack-knifing derailment risk of any vehicles with light axle loads within 1/3 of
the train length/mass from the assisting unit(s).

e Draw / Buff Load of the Wagons within the Draw / Buff Capacity within 1/3 of the train
length/mass from the assisting unit(s) / attachment point.
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251

e Refer to Section 2.1 Recommended Operator Considerations for additional
recommendations and assessments.

When the operator’s representatives are not available or cannot agree, and there are no track
machines in the rescue/recovery consist, the following limits shall be applied:

e  The recovery train is to only be moved to a position to clear the section

e The ARTC RAS Appendix E — “Guidelines for Operations” should be used to ensure that
the total amount of locomotives powering is sufficient and not excessive.

This document does not include Self-propelled Passenger vehicles and Track Machines. If there is
insufficient locomotive hauling potential to move the rescue / recovery train, additional requirements
need to be met. Refer to 2.5.2 — “Assisting with Self-propelled Passenger vehicles and Track
Machines”.

e The train shall not have any wagons with an axle load of less than 1 tonne per 800hp of
assisting unit(s) within 1/3 of the train length from the attachment point:

Where possible, low mass vehicles should be remarshalled towards the centre of the train consist.

e The assisting locomotive(s) shall not have any wagons with a registered draw capacity less
than 0.15 MN for each 1000hp of the assisting locomotives within 1/3 of the train length
from the attachment point.

Where possible, vehicle with low draw capacity should be remarshalled towards the centre of the
train consist.

o If the safe operation of the recovery movement is not assured, the movement should be
delayed until the Operator’s representative can provide their assurances. If the Operator’'s
representative is not available, the disabled train may be remarshalled into multiple
portions to reduce the risk by reducing the amount of locomotive effort required to move
each of the smaller portions.

Note: Track Maintenance Vehicles often have bespoke limitations on their approved position
within a train and configurations of drive systems, as such they are excluded. Movements
of these vehicles should be performed under an ARTC Route Access Condition Notice
(RACN).

Where the assisting vehicles are attached without forming a multiple unit hauling group, additional
requirements for operating a Distributed Power Configuration apply. Refer Section 2.5.1 —
“Amalgamating trains into Distributed Power Configurations”.

Amalgamating trains into Distributed Power Configurations

Where two trains are amalgamated into a recovery configuration and the hauling / assisting units are
not combined into a multiple unit control group, the train is considered to be in a Distributed Power
Configuration.

Whilst an amalgamated recovery configuration may appear to be the most efficient recovery
configuration, if an agreement cannot be met as to a safe operating methodology the train should be
recovered in smaller portions by decoupling a portion that can be safely moved by the
hauling/assisting locomotives.

The amalgamated recovery train may operate in any approved Distributed Power Configuration for
the operator and the route.
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2.5.2
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254

Where an approved Distributed Power Configuration cannot be formed, a Manned Distributed Power
(MDP) configuration is preferred as the MDP locomotive crew can observe, respond and report to
the Driver in Command any abnormal movement of the adjacent rollingstock.

When planning the attachment of assisting units to a train, all applicable operator’s representatives
shall agree on limitations to manage:

e Assurance of the appropriate safeworking requirements to have red marker lights or a
flashing taillight (end of train marker) illuminated at the rear of the train.

When the applicable operator’s representatives are not available or cannot agree, the following limits
shall be applied:

e The two red lights on the rear locomotive must be exhibited as taillights to indicate the rear
of the train. Alternatively, a flashing taillight (end of train marker) can be used.

e  Four Wheeled (two axle) wagons and track machines with single axles that are do not
utilise a bogie structure to facilitate axle yaw movement must be marshalled in a position
that trail all assisting / hauling units.

Assisting with Self-propelled Passenger vehicles

Any multiple unit passenger train may be used to assist any train of a similar type / class. The
Operator’s representatives shall be consulted regarding coupling of different types of trains and the
acceptable combinations/configuration of the vehicles.

Self-propelled passenger trains are not designed to haul load; therefore restrictions may apply
depending upon the combination of vehicle types, the transition coupler (if in use) and the mass of
the rescue/recovery configuration. When emergency transition couplers are used to enable different
types of trains to be coupled together, speed and other restrictions apply. Refer to Section 2.6.2 and
the operator’s instructions for using the specific transition coupler.

The maximum number of multiple unit passenger cars that can be used to assist a disabled train is
typically 16 units.

When a multiple unit passenger train is attempting to assist a disabled train and the disabled train
has not moved after applying maximum power for 5 seconds, the driver must shut off power and wait
2 minutes before re-applying power. If, after 3 attempts, the assisting train is unable to move the
disabled train, alternative arrangements shall be made.

The Operator’s representatives shall be consulted before assisting a disabled train with any electric
or diesel multiple unit train.
Assisting with XPT Passenger trains

An XPT train (including the XP class ‘power car’) must not be used to haul a defective train without
authorisation from XPT Maintenance Centre staff. An XPT train must not be used to assist any other
train in the rear.

An XPT train must not be used to propel or assist a disabled train from the rear.

The Operator’s representatives shall be consulted before assisting a disabled train with an XPT
Passenger trains.

Assisting with Xplorer/Endeavour Passenger trains

An Xplorer or Endeavour train must not be used to assist any train other than another Xplorer or
Endeavour train.
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2.5.5

2.6

2.6.1

An Xplorer or Endeavour train should not be used to assist a disabled train in the rear unless the
disabled train is another Xplorer or Endeavour train. The Operator’s representatives shall be
consulted before assisting a disabled train with Xplorer/Endeavour.

Assisting with Track Machines

When assisting with one or more track machines, these vehicles often have a towed mass limit
shown on the headstock or vehicle side. (Alternately refer to the Track Machine’s Operator Manual).
The vehicle must not be positioned such that the hauled mass is greater than the towed mass limit.
Track Machines are rarely able to meaningfully assist because of this towing limit.

The Operator’s representatives shall be consulted before assisting a disabled train with a Track
Machine.

Use of transition couplers

Most multiple unit passenger trains and Track Machines are fitted with combined multi-function
couplers that are incompatible with conventional full size knuckle type automatic couplers. Some
vehicles are equipped with transition couplers to enable them to be coupled to a locomotive or train.

Transition couplers should have published documentation regarding the design limits and intended
use of the coupler. Where doubt exists, it should be deemed that the transition coupler is for
emergency use only and thus the requirements of “emergency transition couplers” shall be applied.
Additionally, if the transition coupler is able to be stored onboard the vehicle and can be fitted by the
train crew, the requirements of “emergency transition couplers” shall be applied.

A WARNING

Care must be taken when coupling trains with transition couplers to vehicles that are fitted
with buffers, broad buffer beams or diaphragm plates. These vehicles must not be coupled
together unless there is adequate clearance around the emergency coupler to
accommodate coupler swing on tight curves.

The Operator’s Representatives are required to assure adequate clearance is maintained between
the vehicle to prevent damage to either vehicle or any potential ‘buffer lock’ scenarios that may arise
as these increase derailment risk.

Transition couplers do not integrate connectivity to throttle and brake systems and thus these
connections need to be supplemented with connections that are not used under normal operations.
These connections typically only include a single pneumatic hose as is assumed that the vehicle is
being towed as it cannot self-propel.

Transition couplers are not designed to be connected to other transition couplers. Only one transition
coupler is permitted to be used to connect two adjacent vehicles.

Use of "heavy duty" transition couplers

“Heavy Duty” transition couplers are typically designed to be fitted to the towed vehicle in a workshop
where lifting aids allow it to withstand much higher operating loads. Due to the need to use lifting
aids for fitment, these are rarely used for recovering disabled trains.

As these movements are not using an “emergency transition coupler” there are no speed restrictions
associated with the use of "Heavy Duty" transition couplers. All other requirements for hauling
passenger trains with transition couplers shall be observed.
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2.6.2

2.6.3

Sydney Trains and NSW Trains utilise a “Heavy Duty” transition coupler (Scharfenberg adaptor
coupler model 2.010.515), for vehicle transfer purposes. (Other operators may have “Heavy Duty”
transition couplers from vehicle transfers, however no details of these have been provided.)

Use of emergency transition couplers

Emergency Transition Couplers are not typically designed to manage large loads. To minimise the
loads on the Emergency Transition Couplers all braking methods that are not transmitted between
the vehicle should be minimised. The following brake control methods are typically not able to be
transmitted between vehicles that require a transition coupler:

e locomotive independent brake (including independent release or “bail-off”)
e hydrostatic, dynamic or regenerative brake
e electro-pneumatic & ECP brake systems.

After use, to mitigate the risk of damage over repeated use, the Operator should include appropriate
inspections and tests for Emergency Transition Couplers after use.

Emergency transition couplers are typically designed for managing draft loads and are not as
secure/strong in buff loading. When an emergency coupler is used to assist a train in the rear, the
train shall only be assisted to the first suitable location where the train can be remarshalled or the
vehicle detached. Additional requirements may apply to specific vehicles, for an example refer to
section 2.6.3 — “Use of emergency transition couplers on XPT train consists”.

Use of emergency transition couplers on XPT train consists

XPT train consists comprising of up to two power cars and up to seven trailer cars may be
locomotive hauled up with no additional restrictions.

XPT trains shall not be assisted from the rear with an emergency coupler, except in the case of a
propelling shunting movement within yard limits at a maximum speed of 10km/h.

An XPT power car cannot be coupled with its emergency coupler to a vehicle fitted with a combined
coupler such as but not limited to Xplorer or Endeavour. The diaphragm end of an XPT Power car or
an XPT trailer car can be coupled to vehicles with a standard Australian Interstate Freight Coupler or
to vehicles such as Xplorer or Endeavour using the emergency coupler.
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Defective Brake Systems

Defective Air Brakes
This Clause is to be read in conjunction with ARTC Network Rule ANTR 404 Using Brakes.

The air brake should be operational on every vehicle of a train. However, it is permissible to cut out a
certain number of brakes on a train as detailed below.

The brake pipe must be continuous throughout the consist and all intermediate brake pipe coupling
cocks open.

Trains with sticking brakes can cause fires on the ARTC Network. Train crews shall be vigilant to
ensure brakes that have failed to release are detected and cut out. Passing trains should be
examined from both sides, where possible, for sticking brakes or other sources of fire. Refer RAS
General Information — Section 8 -Train Inspections.

In all cases where it is necessary to isolate the air brakes on a wagon (ACO), the wagon shall be
appropriately defect carded. The fault description for ACO should be listed on the card.eg., worn
brake blocks, faulty brake control valve, air leak, stuck slack adjustor. The Operator must ensure that
train operating personnel and maintenance personnel are informed of any brake cut-outs.
Maintenance personnel should, where possible, provide feedback to the train crew as to whether the
failure mode may indirectly impact other brake functions such as the holding capacity of the park
brake.

The air brake on a vehicle or bogie must only be cut out where it is not practical to repair the vehicle.

Applicability of speed restrictions and operating conditions for trains that consist of a vehicle(s) with
ACO vary due to circumstances. Refer to Table D3.1 below for details:

Table D3.1- Speed Restrictions and Operating Conditions with ACO

Circumstance Action Required

Any passenger train with brakes cut out on  The passengers must be relocated to other cars and a

the last vehicle. competent worker must travel in the last vehicle and be
prepared to apply the handbrake or spring applied park
brake. Continue to the first suitable location at a speed
of up to 25 km/h.

Upon arrival, the vehicle must be repaired, remarshalled
or detached.

A locomotive hauled passenger train with Continue to the first suitable location at a speed of up to
brakes cut out on the second or third to 50 km/h.

last vehicle. Upon arrival, the vehicle must be repaired, remarshalled
or detached.

A freight train with brakes cut out on the An emergency towing chain must be attached between

last vehicle the last and the second last vehicles of the freight train.
Continue to the first suitable location at a speed of up to
50 km/h.

Upon arrival, the vehicle must be repaired, remarshalled
or detached.
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3.1.1

Table D3.1- Speed Restrictions and Operating Conditions with ACO

Circumstance Action Required
A freight train with brakes cut out on one Continue to the first suitable location at a speed of up to
of the last three vehicles. 50km/h.

Upon arrival, the vehicle must be repaired, remarshalled
or detached.

Brake cut outs on a train with non- The operator shall advise the ARTC network controller
standard type or configuration (e.g., diesel the maximum operator-imposed speed restriction.
multiple units and XPT type trains). Unless specified in section 3.1.2

Locomotive Hauled Freight and / or Passenger Trains

It is recommended trains do not begin journeys with more than 5% brakes inoperative or cut-out to
allow for defective brakes during a journey.

The maximum number of vehicles with inoperative or cut-out brakes must not exceed 1 in 10
vehicles or the total mass of the train with brakes cut-out must not exceed 10% of the hauled
train load (excluding working/hauling/assisting locomotives), whichever is most restrictive. Vehicles
with inoperative or cut-out air brakes must be repaired as soon as practicable.

Each vehicle in a multipack vehicle shall be counted as a vehicle. Operators shall develop air cut out
procedures that account for the equivalent number of wagons that are ACO when a brake control
valve shares brake equipment with multiple vehicles. This shall be able to be referenced for each
vehicle type using shared brake equipment.

Example scenarios:

1. A 5-pack articulated vehicle has two triple valves. Each triple valve controls the brakes on
three bogies, that is, 2% platforms. If one triple valve is cut-out, this equates to the
equivalent of 2 72 vehicles ACO.

2. For vehicles with shared brake equipment (i.e., master/slave combination), if the brake
control valve is cut-out on the master vehicle this will count as 2 vehicles with brake cut-outs.

Freight trains utilising pneumatically controlled braking systems should ensure that no two
consecutive brake control valves are cut-out. This is typically achieved by:

e Marshalling a vehicle with operative air brake is placed on each side of each unbraked
vehicle.

. For multi-pack wagons with two brake control valves and one brake control valve is cut-out,
if the next brake control valve on an adjacent multi-pack wagon is cut-out, the wagons
should be remarshalled to ensure reliable brake control valve function. (i.e. no two (2)
adjacent ends shall be marshalled together where both are ACO.)
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3.1.1.1 Application of RAS Section Pages

ARTC Routes have specific advice within the RAS section pages. Trains with defective air brakes
are required to meet and any operating conditions based on the train braking system must be
complied with when the defective vehicles are excluded.

For example, in RAS Section D52, if a train required to have 80% of the vehicles fitted with fixed
exhaust chokes or grade control valves in the “IP” position. This train is 1100 tonne of hauled mass
and 200 tonne of vehicles are non-compliant to the requirement, the minimum mass of compliant
vehicles is 800 tonne. As such without any ACO of non-compliant wagons only 100 tonne of
compliant wagons may be cut-out.

3.1.1.2 Brake cut-out Freight Trains with ECP Trains

Cut-out ECP wagons may also require use of one or more ECP bypass cable(s) to ensure continuity
of the ECP train control cable. Such cables are to be appropriately secured to the wagon and
connected to minimise the risk of (electrically) noisy connections that lead to crosstalk faults. It is
recommended that these bypass cables are stored and maintained with an appropriate preventative
maintenance strategy to minimise the risk of crosstalk faults.

Notwithstanding that the last three vehicles must have operational brakes, ECP trains are permitted
to have multiple adjacent brake control valves isolated, provided that the unbraked mass is not
sufficient to introduce run-in/run-out risk for any nearby lightly loaded wagons.

3.1.1.3 ECP Trains operated in emulation mode

ECP wagons can be moved with non-ECP locomotives in emulation mode, additionally some
trainline faults may result in the only available operating mode being in emulation (switching mode).

When operated in emulation mode the train must not consist of more than 20 ECP brake valves. The
maximum operating speed shall be 32km/h.

3.1.1.4 ECP Trains operated with manual overlay valves

When a train includes manual overlay valves, operators should ensure their train inspection
procedure includes checking that the valve cocks are consistent with the operating mode (ECP or
pneumatic). When the manual overlay valves are in use, the entire train must have the overlay
valves cut in. Wagons with defective brakes requiring the ECP control valve to be cut-out, shall be
pneumatically cut-out to prevent unnecessary leakage.

The train shall be operated per the pneumatically controlled braking requirements for the registered
pneumatic brake type. For example, a wagon may be listed as E1 in ECP mode, but where the
overlay valves are cut-in they are to be operated as B4 type wagons.

3.1.1.5 ECP Trains operated with automatic overlay valves

Where wagons with automatic overlay valves are required to be cut-out, they must be pneumatically
and electrically cut-out, to prevent operation leakage in both ECP and pneumatic mode.

The train shall be operated per the pneumatically controlled braking requirements for the registered
pneumatic brake type. For example, a wagon may be listed as E1 in ECP mode, but where the
overlay valves are cut-in they are to be operated as B4 type wagons.

3.1.1.6 ECP Trains operated with other trainline faults

Where ECP trains are operated with other trainline faults, it is assumed that only emergency braking
is available. If the train has insufficient independent braking capability to hold the train while the train
brake is recharged, the train must be secured with handbrakes and additional locomotives with

independent holding capability are to be sourced. If the brakes are capable of being fully charged the
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train may be recovered to the nearest location with a maximum speed of 25km/h per table D2.2
where the lead driver only has access to the emergency brake to stop the train.

3.1.1.7 ECP crosstalk recovery

Operators shall have procedures for addressing identified errors from a crosstalk which may include
isolation and/or bypassing the identified wagon(s). As the train that stops because of a crosstalk
penalty is not always the causal train, it is encouraged that the operator’s representatives
communicate to ensure that both trains maintain a high level of electrical hygiene (potential sources
of EMC emissions are minimised).

3.1.1.8 Locomotive Hauled Passenger Trains
A locomotive hauled passenger train must not leave a maintenance centre with any air brake
inoperative.
3.1.2 Diesel Multiple Unit Passenger Trains

A diesel multiple unit passenger train must not leave a maintenance centre with any air brake
inoperative.

If a brake fault occurs enroute, a train may continue in service at normal speed provided not more
than one bogie in eight bogies is cut-out and no two bogies on either end car are cut out. Refer
Table D3.2 for operating restrictions for diesel multiple units and XPT type trains with defective air
brakes.

Table D3.2- Speed Restrictions and Operating Conditions for diesel multiple units and XPT type

trains
Number of bogies cut out Action Required
One bogie in eight (12.5%) or less No restriction, operate normally

More than one bogie in eight (12.5%), but ~ Maximum speed of 80 km/h and worked out of service.
no more than one bogie in four (25%)

More than one bogie in four (25%), but not  The train shall be worked out of service at a speed not

more than three bogies in eight (38%) exceeding 25 km/h

More than three bogies in eight (38%) The train shall be considered as disabled, and shall not
be moved until it has been attached to another train or
locomotive

Both bogies on a terminal car of the train The train shall be considered as disabled, and shall not
consist are cut out. be moved until it has been attached to another train or
locomotive

Note: For the purposes of calculating brake cut-outs, an XPT power car bogie will be treated as
being equivalent to two (2) trailer car bogies.

For example, an XPT train consisting of two power cars and five trailer cars would count as
having four power car bogies (equal to eight (8) trailer car bogies) plus ten trailer car bogies.
The total equivalent bogies would be eighteen bogies.

One power car bogie and one trailer car bogie cut out would count as 3 equivalent bogies, that
is 3in 18 or (17%). This train may continue in service at 80 km/h.

If one power car bogie and four trailer car bogies are cut out (2x1 plus 4 = 6 out of 18 bogies =
33%), the train shall be worked out of service at a speed not exceeding 25 km/h.
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If a failure of the electro-pneumatic brake system occurs, and the defect cannot be repaired, the EP
brake must be switched off and the automatic air brake (XPT, Xplorer, Endeavour or Hunter) or
straight air brake (other diesel multiple unit trains) used to control the train.

If a failure also occurs in the straight air brake system and the defect cannot be repaired (diesel
multiple unit trains), the train must be worked out of service at a maximum speed of 25 km/h using
the brake pipe emergency cock as an emergency brake.

An XPT train consisting of 2 power cars and 5 or more trailer cars may continue in service at normal
speeds provided that not more than 1 power car bogie or up to 2 trailer car bogies are cut out. If
more than 1 power car bogie or up to 2 trailer car bogies are cut out, the train must be worked out of
service at a speed not exceeding 25 km/h.

313 Braking Problems When Descending Steep Grades

Under any circumstance, if a train is stopped on a Steep Descending Grade due to a brake fault or
braking problems, the train must be appropriately secured and the braking system fully recharged
prior to recommencing the journey. It is noted that for some specific locations & trains, the
locomotive independent brakes may need to be supplemented with wagon hand brakes to secure
the train and allow the brakes to be released for recharging.

Under no circumstances shall handbrakes be used to supplement braking effort, this method risks
wheel and rail defects causing damage and potential for starting trackside fires.

Where the rail traffic crew finds that there is difficulty in recharging the train braking system on a
train, the train must be brought to a stand and the braking system fully recharged before continuing
the journey.

Where the vehicles in the train are fitted with grade control valves, these valves must be placed in
the next holding position before proceeding. If valves are in ‘EX’ they shall be placed in ‘IP’, if in ‘IP
they shall be placed in ‘HP'.

Where problems associated with the service brake system (Dynamic, Automatic Train Brake or
combined service brake) occurs on steep descending grades, the rail traffic crew shall advise the
Network Controller and:

e Bring the train to a stand,
e Rectify the problem,
e Advise Network control before continuing.

If there is any doubt regarding the braking performance of the train, the train is not to proceed. The
train must:

e be brought to a stand,
o the handbrakes applied,

e and assistance sought.

314 Locomotive brake faults

Where a locomotive has an automatic air brake fault which prevents the operation of the automatic
air brake throughout the train, the train must be brought to a stand, secured and the defective brake
valve must be cut-out. The train must be recovered using the approved recovery methods in section
2.
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3.2

3.21

3.2.2

Where a train is required to have a minimum number of fully serviceable dynamic brakes, these
dynamic brakes shall be directly controlled by the lead driver of the movement. If additional
locomotives are needed to supplement the number of available dynamic brakes, then the recovery
procedure is to be reviewed by a competent person for compliance with the train’s published and
approved operating conditions.

Where MR supply is required, additional locomotives may be added to provide assistance, however,
if the MR pipe does not maintain continuity and the lead driver cannot confirm the MR pipe pressure
then the train is to be considered to be in a Manual Distributed Power configuration and the recovery
procedure is to be reviewed by a competent person for compliance with the train’s published and
approved operating conditions.

Defective Brake Pipe

Where the brake pipe on a vehicle is broken and brake pipe pressure cannot be maintained, the train
is to be stopped and appropriately secured. Once a recovery plan has been determined, the disabled
train must be removed from the section either with the assistance of another train or by dividing the
train. The defective vehicle must be detached from the train at the first suitable location.

In some cases, detached vehicles may not be able to operate their park brake, refer to section 3.4.2.

Locomotive Hauled Freight and Passenger Trains

When assisting a train with a defective brake pipe from the rear, the adjacent brake pipe coupling
cocks on the two vehicles either side of the defective vehicle must be closed. The train must then be
worked at a reduced speed to the first suitable location where the defective vehicle can be detached
or repaired. If during the recovery movement leading rail traffic crew has brake pipe continuity of
more than 70% of the train, then the train may be worked at 25 km/h otherwise the train shall be
worked at 10km/h.

Where the disabled train is conveying passengers and the defective vehicle cannot be detached,
they must be disembarked at the first suitable location.

Where the disabled train is to be divided, the defective vehicle becomes the last vehicle on the train.
The brake pipe coupling cock on the rear of the second last vehicle must be closed and the air brake
on the defective vehicle released. An emergency towing chain must be used between the defective
vehicle and the second last vehicle.

Where a disabled passenger train must be divided, all passengers must be moved into cars in front
of the defective vehicle. A competent worker must travel in the last car and be prepared to apply the
internal handbrake or spring applied park brake. Effective communication must be maintained
between the competent worker and the train crew.

Electric or Diesel Multiple Unit Passenger Trains

Where the defective vehicle is either the leading or rear car, and the hand brake or all spring applied
park brakes do not operate on that car, then the train is a total failure and must only be moved with
the assistance of a locomotive or another train.

Where the defective vehicle cannot be detached, all passengers must be disembarked at the next
suitable location. The train must then be worked out of service.

This type of train usually has a main reservoir pipe and therefore the train may complete its trip
providing the electro-pneumatic (EP) brake is working on the entire train. In the event of an EP brake
failure, the driver must operate the train from the end which will give control of the automatic brake
on the greatest number of cars. A competent worker must ride in the end car at the opposite end of
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3.2.3

3.24

3.2.5

3.2.6

the train and be prepared to apply the automatic air brake, handbrake or spring applied park brake
when requested by the driver.

The speed of the train must not exceed 25 km/h.

Where the disabled train is to be divided, the defective vehicle becomes the last vehicle on the train.
The brake pipe coupling cock on the rear of the second last vehicle must be closed and the air brake
on the defective vehicle released. An emergency towing chain must be used between the defective
vehicle and the second last vehicle.

Defective Main Reservoir Pipe on Multiple Unit Passenger Trains

Where the defective vehicle is either the leading or rear vehicle, and the hand brake or spring
applied park brake does not operate on that vehicle, then the train is a total failure and must only be
moved with the assistance of a locomotive or another train. Where the defective vehicle is either the
leading or rear vehicle and has a working handbrake then the train can continue as normal and be
worked out of service.

Vehicle air springs, where fitted, are supplied from the main reservoir pipe. In the event of a main
reservoir supply failure, one or more air springs may deflate and may have to be isolated. Refer to
Section 6.2 Defective air springs for operating conditions:

Trains with the complete vehicle main reservoir pipe isolated and with no air in the bogie air springs,
but the brake pipe is continuous throughout the train, may travel at a normal speed but in
accordance with that permitted for Section 6.2 Defective Air Springs / Air Bags.

Defective Handbrake or Park brake

This Section is to be read in conjunction with ARTC Network Rules and Procedures.

Electric and Diesel Multiple Unit Passenger Trains.

Where a defective vehicle is a non-terminal car, the train may continue in service until it returns to a
maintenance centre.

Where a defective vehicle is a terminal car, and it has one spring applied park brake operable, the
train may continue in service until it returns to a maintenance centre.

Where a defective vehicle is a terminal car that is not permanently coupled and does not have a fully
operable handbrake or spring applied park brake, the train is considered a total failure and therefore
may only be moved when attached to an assisting locomotive or train.

Where a defective vehicle is a permanently coupled terminal car with no fully operable handbrake or
spring applied park brake, the train may continue in service until it returns to a maintenance centre.

An Xplorer or Endeavour train which has more than one in four bogie spring applied park brakes
inoperable is considered a total failure.

Where the spring applied park brake or automatic air brake on a vehicle is locked on, the vehicle
may be dragged clear of the section with the approval of the owner/operator before the brakes are
released and isolated.

Freight vehicles with no manual park brake

Some automatic park brake systems are not able to effectively apply the park brakes if the braking
system is cut-out or unable to be recharged via a brake pipe (BP) connection. When these vehicles
are to be secured and they don’t have a compliant manual park brake a suitable arrangement of
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Appendix D - Defective Vehicles and Disabled Train Requirements

cover vehicles shall be used to ensure that the coupled vehicles had adequate park brakes available
per RAS Gl Section 4.14 “Holding a Train Stationary on a Grade”.

3.3 Defective Air Springs / Airbags

Refer section 6.2 Defective Air Suspension / Airbags
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4 Wheel and Wheelset Defects

The accompanying series of instructions and associated diagrams are included to indicate degrees
of severity of wheel tread and profile damage or wear likely to be found, as well as the appropriate
action to be taken in each case.

In cases where “NOT TO RUN” is listed in the tables below, recovery and/or repair may be
necessary to remove vehicles from the section. This must be undertaken in consultation with
ARTC and the Operator’s representatives to assess risk and authorise safe movement to an
agreed location.

Wheels shall be inspected for profile, flange, tread, rim, and general physical condition in line with
operator’s train examination and maintenance schedules. Wheelsets shall be checked for axle
damage, bearing condition (including adapter correct seating) and wheel disc position.

Serious damage can occur to the track when rail wheels skid or when scale builds up on the wheel
due to sticking brakes. Rail traffic crews, shunter/examiners and vehicle maintenance staff must
make every effort to ensure that brakes are utilised/maintained correctly.

If a vehicle with tread defects is detected in service, depending on the severity of the case it may be
kept marshalled on a train and operated to restricted operating conditions as follows, provided that
the wheels have been inspected and certified fit to run by the Operators representative. (Refer
following tables for allowable in-service limitations).

Wagons shall be carded if wheels or wheelsets exceed the limits imposed by the wheel gauge which
represent the limiting parameters as shown in table D4.2.1. Carding should follow the principles of
AS7451 — Train Integrity.

Precautions

o When it is suspected that the wheels have a defect on any vehicle, the train / vehicle must be
stopped at the first suitable safe location to undertake an inspection.

¢ All the wheels on the vehicle in question must be inspected to determine the extent of the
defect(s).

e The following tables and actions are developed primarily for wheels over 700 mm diameter.
Where smaller wheels are used, suitable adjustments to the wear and defect limits may need to
be managed by the Operator.

e Operators should use approved profile gauges, and they should be applied to wheels to check
for contour, flange condition and rim thickness. Operator representatives should be trained in
the correct application of the gauges. (Refer RISSB Code of Practice - Wheel Defects)

o Where available, outputs from wayside Wheel Profile Monitors should be used to review and
trend wheel profile conditions. (Refer RAS General Information - Wayside Monitoring Devices)
Note Wayside systems have profile dimensional limit allowances for measurement accuracy,
and the limits in this section are applicable and absolute).

o If there is any doubt as to the class of tread defect condition, the more severe condition
must be applied and reported.

o Note: Wherever “reported” is mentioned in the following tables, this is reporting / recording as per the
RSO defect management procedure. Where a speed restriction is to be applied for the movement of the
vehicle, the reason for the reduced speed, inclusive of applied defect class, is to be advised to ARTC
Network Control or Programming when pathing is sought.
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4.1 Wheel Features Definitions and Dimensional Measurements
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w FLANGE THICKNESS Running face
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T~ Web
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Figure D4.1.2: Wheel disc terminology Figure D4.1.2: Wheel disc terminology
dimension reference
L
70
e d: Wheel diameter
ol L: Rim width
T e: Flange thickness'

h: Flange height
&: Flange angle?

Trend Line

t: Rim thickness

Notes

=

—_— 1. For the ARTC standard gauge network, flange height
! thickness limits will be related to the gauge 307-030

-~ presently in use, , at a height of 10.5 +0.5 mm above the
tread line point.

T //"’"7 2. Flange angle is measured at a point 13 mm above the
tread line point.

" Not fo scale

Figure D4.1.3 - Location of limiting dimensions
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4.2 Limiting Wheel Profile Dimensions

4.21 Wheel Rim Thickness

Table D4.2.1: SUMMARY OF LIMITING RIM THICKNESS

Wheel Type Limiting Dimension

Tread-braked Wheels — Low stress design (S-shaped web) 2
Up to 25 tonnes axle load 20 mm

Over 25 tonnes axle load 22 mm

Tread-braked Wheels — Flat Plated P

Operations up to 80 km/hr 20 mm
Operations over 80 km/hr 25 mm
Locomotives 25 mm
Passenger vehicles 25 mm

Disc-braked Wheels
Locomotives 22 mm

Passenger vehicles 20 mm

Note 1: The values in shall be applied regardless of rim thickness definition. Allowable rim thickness
definitions are defined in Section 4.1. refer Schedule 1 for defined locations of measurements in
accordance with RISSB — Code of Practice- Wheel Defects

Note 2: Special consideration may be required for wheels of less than 700 mm diameter.

Note 3: Wheels with rim thickness less than the limiting dimensions shall be worked out of service
within 14 days.

Notes a & b: As defined by RISSB — Code of Practice- Wheel Defects

4.2.2 Permissible Variation in Wheel Diameter

Table D4.2.2 PERMISSIBLE VARIATION IN WHEEL DIAMETER IN SERVICE = Maximum Allowable

Condition Nataten

Maximum permissible variation in wheel tread diameter per bogie 25mm

Maximum permissible variation in wheel tread diameter per vehicle 60mm

(or platform in multipack vehicle). Where articulated vehicles share

a bogie, both bogies either side should be checked.

Maximum variation in wheel tread diameter for other types of Refer individual vehicle

vehicles. specifications where
applicable.

Note: Wheel diameters should be checked at wheelset exchange or at wheel reprofiling, and at major vehicle
servicing.
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423 Limiting Tread and Flange Dimensions

Table D.4.3: SUMMARY OF LIMITING WHEEL PARAMETERS (IN TRAIN INSPECTIONS)

Limiting Dimension

Maximum Permissible Flange Height

All vehicles 35 mm

Maximum Permissible Tread Hollowing

All vehicles 3 mm

Maximum Permissible Flange Thickness

Using gauges 307-030, 17-4-1 (see note 1) 19 mm

Maximum Permissible Flange Angle

Using gauges 307-030 or 17-4-1 (see note 1) 5 degrees from vertical

Note 1: Using gauges defined in RISSB — Code of Practice- Wheel Defects, and dimensions
defined in Figure D4.1.3.

4.3 Movement of a Wheel on Axle

Immediately remove from service any wheel that exhibits movement relative to its axle. Symptoms of
wheel movement are wheel seat becoming visible or back-to-back measurement becoming out of
tolerance.

Vehicles identified with movement shall not enter service.
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4.4 Wheel Tread Defects

441 Measuring True Size of the Defect

The defect length is measured along the running circumference of the tread while defect width is
measured across the running circumference and height/depth is measured perpendicular to the
running face. When inspecting the defect there may be components of out of round, which can
increase the impact force to a much higher defect classification than the physical size. This should
always be taken into consideration when classing a tread defect. Refer to Figure D4.4 for an
example of a spall approximately 22 mm in size; however, the actual affected area is approximately
110 mm. The full length of the defect should be used in assessing defect sizes.

When measuring defects throughout this section the effects of wheel tread geometry such as that
illustrated in Figure D4.4 should be taken into consideration, and a review of available wheel impact
data carried out. Wheel tread condition monitors are installed in various locations on the ARTC
network with impact limits which are to be actioned as per RAS General Information - Wayside
Monitoring Devices.

Additionally, when reviewing the actual size of a tread defect a straight edge may be used on the
tread defect area, which should be rocked back and forth to determine the true “affected area".

The length of time a wheel with a tread condition that results in impact loading remains in service
may further alter the tread condition, resulting in increased impact loading. The example shown in
Figure D4.4 indicates a tread which has started to collapse due to repetitive impact loading. On close
inspection the condition reveals a larger defect than that of the spalled area. The total length of the
defect should be used for class defect size.
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4.5 Thermal Cracks

Thermal cracks are usually transverse, across the wheel tread, and, if allowed to grow without
corrective action, can develop to the point where the wheel will fracture.

If thermal cracks are found on a wheel, then the vehicle's brake system should be checked for
evidence of dragging brakes (sticking brakes), for correct operation and correct type of brake blocks.
Refer to Table D4.5 for description of the defect and actions to be taken.

If there is any doubt as to the severity of the thermal crack, always apply the higher classification.

For repair, refer RISSB — Code of Practice- Wheel Defects.

Note: Wherever “reported” is mentioned in the following tables, this is reporting / recording as per
the RSO defect management procedure. Where a speed restriction is to be applied for the
movement of the vehicle, the reason for the reduced speed (inclusive of applied defect
class) is to be advised to ARTC Network Control or Programming.

Figure D4.5.1 Class 2 Thermal Crack — Cracks located Figure D4.5.2: Class 3 Thermal Crack — Cracks
on tread centre located in rim
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Appendix D - Defective Vehicles and Disabled Train Requirements

Figure D4.5.3 Class 4 Thermal Crack Figure D4.5.4: Class 5 Thermal Crack
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Table D4.5 - THERMAL CRACKS AND PERMISSIBLE SPEEDS

Class Description of Defect Action Required Speed
Restriction
Cracks up to 10mm long in the shaded No action required Normal
area, but not extending outside of the
shaded area Speed
LM_' 12 mm u
Cracks between 10 and 30mm long in Wagons & Infrastructure Maintenance: Normal
the shaded area, but not extending Re-examine carefully to ensure that no
outside of the shaded area Class 3 Thermal Cracks exist. Defects Speed
must be reported.
30 mm i 2 | Passenger & Locomotives: Defects must
mm be reported and scheduled for re-
examination at the next general inspection
or at no greater than 10,000 km.
Cracks between 30 and 40mm long in If_WheeI IS approachlng Condemmng Normal
the shaded area, or less than 10mm diameter, treat as Class 4 defect.
long in the rim are or rim face. . Speed
Freight Wagons & Infrastructure
Maintenance Vehicles: Work out of
service.
20 fmm 12 mm Ll . .
Locomotives or Passenger carrying
vehicles: Defects must be reported within
RSO processes and scheduled for turning
within 14 days.
Any visible cracks in the flange If found pre-trip or e!t a depot, the wheel Speed
surfaces outside the shaded area, or must not enter service. If found en-route
cracks greater than 10mm long on rim continue at reduced speed with the brakes 40km/h
surface§ outsidt.a shaded areas or isolated. maximum
extending from it, or cracks greater
than 40mm long anywhere on the . )
wheel. Locomotives: The use of the independent
brake must be kept to an absolute
Cracks greater than 40 mm long @ minimum.
arvabiene an the whsel
12 mm | |
FRACTURED WHEEL NOT TO
. . RUN
Any crack running through the rim, web
or hub of wheel
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4.6 Spalling and Shelling

4.6.1 General

Spalling occurs when pieces of metal break out of the tread surface in one or several places, see
Figures D4.6 1 and D4.6 2 for larger class defect examples. This defect can result from thermal
damage, skidding or over-stressing at the wheel-rail contact point.

Refer to Table D4.6 for description of the defect and actions to be applied.
Always report a higher class of spalling if there is any doubt about the severity of the defects.
For repair refer RISSB — Code of Practice- Wheel Defects.

It is recommended to remove axle bearings for inspection where Class 4 or greater spalling has
occurred.

q
Y
5
.
'
=
!
n
%

Figure D4.6.1: Class 3 Spalling Figure D4.6.2 : Class 4 Spalling
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Table D4.6 — SPALLING and SHELLING AND PERMISSIBLE OPERATING SPEEDS

Class Description of Defect Action Required Speed
Restriction
1 Spalled regions with cavities less than 12 No action required Normal
mm in diameter. Maximum 10% wheel Speed
coverage.
2 Spalled regions with cavities less than 25 Re-examine carefully to ensure that no Normal
P o 9 ) Class 3 Spalls exist. Defects must be
mm in diameter. Maximum 20% wheel reported and monitored Speed
coverage. The edges of the spalls may be
sharp and jagged.
3 Spalled regions with cavities greater than Locomotives & Passenger: Remove Normal
25 mm in diameter, no deeper than 3 mm.  from service within 14 days.
The edges of the spalls may be sharp and  Wagons & Infrastructure Maintenance: Speed
jagged. Maximum 50% wheel coverage Work out of service
4 Extensive spalling 3 mm or more deep, If found pre-trip or at a depot, the Speed 40
sharp and jagged. More than 50% wheel wheel must not enter service. If found P
coverage. en-route continue at reduced speed km/h
with the brakes cut out. Maximum
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4.7 Wheel Flats / Skids

4,71 General

Wheel flats occur when the wheels "lock-up" under braking and slide or skid along the rail while the
train is in motion, see Figures D4.7.1 to D4.7.3. The heat generated at skidding will affect the
underlying material, and if the temperature is high enough and followed by rapid cooling, the material
will transform into a hard, brittle phase called martensite which also expands in volume. Due to the
brittleness and the internal stresses caused by the difference in volume, cracks will start to generate
in and/or around the martensite patch when the wheel starts rolling again. This will eventually lead to
further wheel damage such as spalling, and the resultant impact forces are detrimental to the track
structure and reduce the life of other bogie components, particularly bearings.

Refer to Table D4.7 for description of the defect and actions to be applied.
Always apply a higher class of spalling if there is any doubt about the severity of the defects.
For repair, refer RISSB — Code of Practice- Wheel Defects.

Bogies that have wheelsets that have been operating with Class 4 wheel flats shall, due to the
vibrations induced, be thoroughly examined for evidence of loose, misaligned, or damaged
components, particularly in relation to axle-boxes and bearing adaptors.

Bearings should be removed for inspection after Class 4 and above wheel flats due to the risk of
bearing damage.

Eaaes. 27 o

. ‘ S L =
Figure D4.7.1: Class 3 Skidded Wheel — (Multiple Class Figure D4.7.2: Class 4 Skidded Wheel
2 skids)
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Figure D4.7.3: Class 5 Skidded Wheel

Table D4.7 - WHEEL FLATS / WHEEL SKIDS

Class Description of Defect Action Required Notes 2,3,4,5,6, Speed
Restriction
1 Single skid length less than 25 No action required. Normal Speed
mm. after checking
brakes
> Single skid lenath bet o5 Re-examine carefully to ensure that no
INge skid length between oMM ¢jass 3 Skids exist. 80 km/h
and 40 mm OR multiple Class 1 | r
skids on the same wheel. Defects must be recorded by the ntrastate lines
Operator. 50km/h
. . If found pre-trip or at a depot, the wheel
3 Single skid length bgtween 40 mm must not enter service. 40 km/h only to
and 60 mm OR multiple Class 2 clear section
skids on the same wheel. If found enroute continue at reduced
speed with the brakes cut out and only
For dressed / repaired class 3 permitted to clear the section. Intrastate! lines
defects refer table 4.7.1 35km/h
4 Skid length between 60 mm and If found pre-trip or gt a depot, the wheel
. shall not enter service. 25 km/h only to
100 mm OR multiple Class 3 | .
skids. If found enroute continue at reduced clear section
speed with the brakes cut out and only 1
For dressed / repaired class 4 permitted to clear the section. Intrazs(t)itri /hllnes
defects refer table 4.7.1
. If found pre-trip or at a depot, the wheel
5 Skid Iength greater tha.n 100 mm shall not enter service.
OR multiple Class 4 skids.
If found enroute, remove built-up metal
prior to movement to the nearest sidingat ~ NOT TO RUN
a speed nominated in agreeance with
ARTC. For dressed / repaired class 5
defects refer table D4.7.1.
See table notes below
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4.7.2

Notes
1. For “Intrastate” Network lines refer to ARTC Section pages: i.e. 14 Gap to Narwonah

2. The best measure to minimize damage to track and wheelset bearings is to remove skidded wheels from
service as soon as possible.

3. The Brakes on any vehicle with exception of a light locomotive or single self-powered vehicles, must be
isolated before the vehicles is permitted to travel.

4. Two or more locomotives with class 3 or 4 skids cannot be operated in multiple when being transferred for
wheel turning purposes unless all wheels have been adequately repaired to the equivalent of a class 3
(dressed) condition.

5. Locomotives with class 3 or 4 skids cannot work a train for the purposes of transfer for wheel turning
purposes unless all wheels have been adequately repaired to the equivalent of a class 3 (dressed)
condition.

6. Defects must be recorded by the Operator and reported to ARTC.

Maximum travel distances and speeds after clearing the section

For the purposes of recovering vehicles the following post inspection and repair / dressing conditions
and actions are permitted after clearing the section. Vehicles are only permitted to return to the
agreed location and not to be returned to service until wheelset is replaced.

Table D4.7.1 — WHEEL FLATS / WHEEL SKIDS TRAVEL DISTANCES AFTER TEMPORARY REPAIR
AFTER INSPECTION AND CLEARING THE SECTION

Initial  Description of Defect post repair Max distance * Speed Restriction

Class

3 No wheel repairs / Inspection only 500km* 25km/h

3 Class 1 or 2 after dressing? 1000km* 80 km/h
Intrastate! lines
60km/h

4 No wheel repairs / Inspection only 50km* 25 km/h
Intrastate! lines
20km/h

4 A i i ly) 2 500km*

fter dressing (grind only) 25km/h

4 Class 3 after welding & dressing 23~ 1000km* 40 km/h
Intrastate! lines
30km/h

8] Class 3 after welding & dressing 2.3~ 500km * 40 km/h
Intrastate! lines
30km/h

Notes

* Distance may be extended upon liaison with ARTC and agreement of operational conditions.

1. Only applicable for corridors designated “INTRASTATE” Network lines refer to ARTC Section pages: i.e. 14
Gap to Narwonah
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2. “Dressing” refers to grinding the wheel profile to smooth the defect to meet the original contour of the wheel
tread, all sharp edges must be removed and blended.

a. Dressing should aim to blend the contour to minimise out of round wheel circumference and avoid
the root radius area where possible (tread to flange transition).

b. Heat affected zone must be inspected for thermal cracks in the rim areas specifically. Presence of
cracks will require reassessment of operating conditions.

3. Inthe case of class 3 and 4 skids the edges of the skid may be dressed by grinding to reduce the severity
of the skid to the next lower category.

4. In the case of Class 4 and 5 skids the flat may be built up by welding and dressed by grinding to reduce the
severity to the equivalent of a class 3 (dressed skid).

a. Weld fill must be bonded to the base wheel material. The welded zone must be uniform with the
rest of the wheel, any weld defects such as cracks, inclusions or porosity identified post grinding
will need rectifying before acceptance.

b. Post welding and grinding the flange profile contour shall be checked to ensure that there is no
build up in the flange root radius or steps in the flange face for potential wheel climb or tracking
position offset. Surface finish post griding shall be as smooth as rectification processes allow.

c. When dressing / welding repair occurs often the defect creates an out of round defect which at
speed creates significant wheel impact forces. Care is to be taken to reduce the severity of an out
of round defect during repair.

d. Operators shall organise mid journey inspections to ensure that the weld integrity is sustained.
e. Speed limits are applied for weld repairs to ensure against wheel fracture in the weld area.
f. Heat affected zone must be inspected for thermal cracks in the rim areas specifically. Presence of

cracks will require reassessment of operating conditions.
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4.8 Scaled Wheels

4.8.1 General

Scaling is the build-up of metallic material on the surface of the wheel tread, see Figures D4.81 and
D4.82. It is usually attributed to sticking brakes, which cause the wheel to skid or slide on the rail,
thus heating the contact patch to the stage where the wheel material becomes soft enough to flow on
the tread surface. Refer to Table D4.8 for description of the defect and actions to be applied.

If there is any doubt about the severity of the scaling, always report the higher class. Note that
severity Classes 1 and 2 are not applicable to scaled wheels; the minimum detectable amount of
scaling is classified as a Class 3 defect.

For repair, refer RISSB — Code of Practice- Wheel Defects. For wheels having less than 1 mm depth
of build-up on the tread area, a cutter block may be used to restore the wheel to serviceable
condition after which a normal brake block shall be fitted.

Unless the cause of the incident is obvious, e.g., a not released handbrake/park brake, any vehicle
that is found with any amount of scaling on the tread should undergo a single car brake test as soon
as possible.

Check the axle bearings and related equipment of a bogie found to have operated with Class 4

scaling on its wheels for the effects of vibration. Remove axle bearings for inspection where Class 4
scaling has occurred.

If the scale height can be reduced by chipping or grinding before movement of vehicle, the speed
restrictions given in Table D4.8 can be moderated according to appropriate subclass (i), (ii) or (iii).

Figure D4.8.1 - Class 3 Scaled Wheel Figure D4.8.2 - Class 4 Scaled Wheel
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Table D4.8 — SCALED WHEELS / SCALE BUILD UP ON WHEELS

Permissible speeds for scale build up on wheels

Class Description of Defect

Action Required

Speed
Restriction

1 &2 Classification not relevant.

Not relevant

Normal Speed

3 Light surface smearing too small
to measure with a standard rule.
Surface scale up to Tmm.

Examine brake gear for defects.
Normal operation after checking brakes.

Normal Speed.

4 (i) Scale height over 1Tmm and up to

If found pre-trip or at a depot, the vehicle

Speed 25 km/h

5 mm. must not enter service. If found enroute, Maximum.
4 (i)  Scale height 5mm to 10 mm. clear the section at reduced speed with Speed 15 km/h
vehicle brakes cut out. Maximum.
4 (ii)  Scale height 10 mm to 15 mm. Speed 5 km/h
Maximum.
5 Scale height greater than 15 mm.  Rectify defect in the section before NOT TO RUN
movement to the nearest siding.
Notes

1. “Dressed” refers to descaling via grinding, chipping off the scale back to as close as possible to the original
wheel profile to smooth the defect to meet the original contour of the wheel tread.

a. Grinding the wheel profile should smooth the defect to meet the original contour of the wheel
tread, all sharp edges must be removed and blended.

b. Dressing should aim to blend the contour to minimise out of round wheel circumference and avoid
the root radius area where possible (tread to flange transition).

c. Heat affected zone must be inspected for thermal cracks in the rim areas specifically. Presence of
cracks will require reassessment of operating conditions

2. The brakes on any vehicles with the exception of a light locomotive or single self-powered vehicles, which
has experienced wheel scale build-up must be isolated before the vehicle is allowed to travel.

3. Once a locomotive or vehicle has been removed from the section because of wheel scale the affected
wheels must be descaled to at least the equivalent of a class 3 condition before entering traffic.

4. Vehicles having suffered class 4 or 5 scale build-up must have all wheel treads and flanges checked by a
qualified safeworker before re-entering traffic and any skids identified then apply assessment as per table

D4.7 and D4.7.1 applied.
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4.9 Arrises and Other Flange Defects

4.9.1 General

Arrises and other flange defects include wear grooves, machining grooves or steps, flat tops and
other damage such as may occur in service.

4.9.2 Arrises

Arrises or raised lips on the top of the wheel flange are due to metal flow and if allowed to progress
to a sufficient extent, result in points being split, particularly if occurring in conjunction with steep or
thin flanges.

If a brake block contacts, they will rapidly heat and cool, resulting in thermal cracking. Arrises are
classified according to the height above the normal top of the flange.

If arrises are frequently occurring, the root cause should be investigated.

Refer to Table D4.9 for description of the defect and actions to be applied.

4.9.3 Unacceptable Flange Profile Conditions

Several flange profile conditions experienced in service are unacceptable and pose a significant risk
of derailment and/or damage to track components. Certain patterns of wear and damage to the
flange surface, particularly on the flange top and back, can also result in incidents and therefore
when found should be marked for repair or replacement. These unacceptable flange conditions
include irregularities of contour as determined by visual means. Such irregularities can arise from
inappropriate manufacturing or maintenance procedures as distinct from service conditions.

Condemn gauging may not detect irregularities of this kind even though they may render a wheel
condemnable.

Typical conditions are illustrated in Figures 4.9.1 and D4.9.2 below and include the following:

Wear grooves, gouges or deformation on the top portion of the flange or back face.
Undercut, coarse marks or a step-like surface caused by wheel machining.

Abrupt changes in flange profile.

Wide flat faces on the flange top.

Sharp or square flange top.

Irregularities of contour or profile.

Witness mark dimensions and placement

All the above irregularities have the capacity under certain conditions to induce rail climb or to split
points and shall therefore be removed from service. Examples of track conditions aggravating the
situation are a damaged switch tip or a switch not properly seated against the stock rail.

Wheels with a sharp flange top may develop fatigue cracks within the flange.

For repair, refer RISSB — Code of Practice- Wheel Defects
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Appendix D - Defective Vehicles and Disabled Train Requirements

Witness Marks

Witness marks used for an indication of machining efficiency, are permitted between the flange tip
and a point 10 mm above the wheel tread baseline and shall not exceed 6 mm in width. Witness
marks exceeding this dimension shall not enter service.

s

6 mm

Figure D4.9.1: Witness Mark dimension

Examples of unacceptable flange conditions:

a) Ridge on crown

M

c) Wear groove d) Sharp top
|
e) Coarse Machining marks -~ g) Groove on back face

h) Square Top Flange

Figure D4.9.2: Unacceptable Flange Conditions

b) Flat on crown

i
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Table D4.9 — ARRISES AND PERMISSIBLE OPERATING SPEEDS

Class Description of Defect Action Required Speed
Restriction
1 Classification not relevant. Not relevant. Not
relevant.
2 Re-examine carefully to Normal
) ensure that no thermal cracks Speed.
Arris less than 1.5 mm exist. Defects must be
reported.
3 Locomotives & Passenger: Normal
! Remove from service within 14  Speed.
Arris greater | Arris greater days.
than 1.5 mm than 1.5 mm
= Wagons & Infrastructure
Maintenance: Work out of
service.
4 Arris greater than 1.5 mm If found pre-trip or at a depot, Speed 40
Near vertical flange face the wheel must not enter km/h
\/ Full flange profile service. Maximum
\ If found enroute continue at and 25 km/h
reduced speed with the brakes over points,
isolated and only permitted to cross-overs
clear the section until the & turnouts.

height of the arris has been
reduced below 1.5mm. Note 1

This document is uncontrolled when printed.

A WARNING

The combination of a near vertical flange running face and an arris greater than 1.5 mm high
can split incorrectly housed points and result in a derailment

Note 1: As a temporary measure the arris may be ground off at the location to allow vehicle
movement as per a lower classification of defect. This must be repaired for the whole

circumference of the wheel.
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410 Tread and Flange Wear Conditions

4.10.1 General

Vehicles should not leave a repair facility of any kind if the flange thickness lacks the wear margin for
operation until the next wheel inspection is due to be carried out by the Operator.

Thin flanges are prone to fatigue defects and can result in poor lateral ride performance, particularly
if hollow tread is also present.

Refer to Table D4.10 for description of the defect and actions to be applied.

For repair, refer RISSB — Code of Practice- Wheel Defects.

4.10.2 Steep Flanges

To determine whether the flange is partly or wholly steep, the whole wheel shall be visually
examined.

Flange steepness shall be assessed at the circumferential position of maximum apparent flange
steepness. If there is any doubt in the visual assessment, the flange steepness shall be checked with
a condemn gauge.

All bogies with steep flanges shall be further examined for other defects.
Steep flanges may be an indication of other problems, e.g.:
e One steep flange only may indicate a wheelset that has a variation in wheel diameters.

e Two steep flanges on diagonally opposite corners may indicate a crabbing effect due to a
skewed sideframe misalignment.

e Two steep flanges on the same side may indicate mismatched sideframe lengths (bearing
journal centres) leading to a trapezoidal misalignment of the axles.

e Four steep flanges may indicate a hunting condition caused by worn friction wedges or side-
bearers.

4.10.3 High Flanges

The height of a flange above the tread shall not exceed 35mm as shown in Table D.4.3: Summary of
Limiting Wheel Parameters (In Train Inspections).

The height may be determined by the application of an appropriate wheel gauge. Wheels with this
condition can lead to the flange tip "bottoming" through track features such as "K" crossings and
frogs, increasing wear and the risk of derailment. High flanges may also damage fishplates and bolts
on light rails and cause damage to inductive type axle counters and transducers used by hot box and
wheel tread impact detectors.

4104 Hollow Tread

Visual examination of the wheel tread is necessary to determine the presence of hollow tread. This
condition results in the loss of effective wheel conicity that produces high flanges and significantly
reduces the tracking ability of a bogie.

Hollow tread limiting dimensions can be found in Table D.4.3: Summary of Limiting Wheel
Parameters (In Train Inspections).
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Table D4.10 - TREAD AND FLANGE WEAR CONDITIONS AND PERMISSIBLE OPERATING SPEEDS

Class Description of Defect Action Required Speed
Defect Restriction
Type
1&2 Classification not relevant. Not relevant. Not
relevant.
3 Flange face less than Locomotives & Passenger: Remove Normal
5 degrees from vertical . s
STEEP from service within 14 days. Speed.
FLANGES Wagons & Infrastructure
Maintenance: Work out of Service.
Examine bogie and check wheel
diameters for possible cause of
steep flanges.
Note: A steep flange in conjunction
with a Class 2 arris is a Class 4
defect. Treat as per Class 4 arris
(Table D4.9).
3 < Locomotives & Passenger: Remove  Normal
HIGH \iﬂ%ﬂeﬂﬂue Greater than [TOM service within 14 days. Speed.
FLANGES N 35 mm Wagons & Infrastructure
Maintenance: Work out of Service.
3 Locomotives & Passenger: Remove  Normal
HOLLOW ﬁm::' hollowtread ¢, service within 14 days. Speed.
TREAD ) Wagons & Infrastructure
Maintenance: Work out of Service.
Note that the hollow wear limit
applies at any point across the tread.
3 A Bie 19 Locomotives & Passenger: Remove  Normal
= mm . gy e
THIN from service within 14 days. Speed.
FLANGES \ B B R PR Wagons & Infrastructure
2 Maintenance: Work out of Service.
N
3 Locomotives & Passenger: Remove  Normal
ROLLED from service within 14 days. Speed.
EDGES Wagons & Infrastructure
Maintenance: Work out of Service.
Greater than 3 mm
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4.10.5 Rolled Edges / Spread Rim

Rolled edges are the result of metal being rolled across the tread toward the outside (for flangeless
wheels also the inside) of the wheel, where it forms a lip overhanging the rim face. The lip thus
formed facilitates initiation of thermal and fatigue cracks which can progress into the rim face,
resulting in a severely increased risk of a catastrophic wheel failure.

Spread rim is the result of a local lateral rim surface flow caused by out-of-round wheel impacts
and/or rim weakening due to circumferentially oriented fatigue cracks. Figure D4.10.5 give example s
of local lateral rim surface flow and Spread rim. High lateral contact stresses due to incorrectly
tracking vehicle often is a contributing factor. See also description in Section 4.11.13 “Shattered Rim
Defects”.

Any rolled edge or lip which extends more than 3 mm past the vertical face of the rim as shown in
table D4.10.5 is classified as a Class 3 defect. Vehicles with this defect shall be marked and worked
out of service. No speed restriction is required.

Any wheel identified with a spread rim / shattered rim shall immediately be removed from service.

Any cracks found on the rolled edge shall be treated as a Class 4 Thermal Crack.

Lateral rim surface flow Spread rim defects

EDGE ROLLOVER L_?.'Ia: 3mm
Rolled edge or lip

Figure D4.10.5 : Lateral rim surface flow and Spread rim defects
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4.11 Damaged / Fractured Wheels

411.1 General

The severity Classes 1, 2 and 3 are not applicable to damaged or fractured wheels.

4.11.2 Cracked or Broken Web / Plate

Any wheelset detected with a cracked web / plate shall be removed from service immediately and
the wheel not used again in service. The root cause of the incident should be investigated and
actions taken to prevent recurrence.

Any fatigue crack found in a wheel rim must be classified as a Class 4 defect or a Class 5 defect
(Refer Table D4.11).

4.11.3 Shattered Rim Defects

The consequences of a loss of a wheel tread segment due to the full development of a sub-surface
crack can be severe, especially if the segment includes the wheel flange, and involves a substantial
derailment risk.

Any wheel identified with a shattered rim defect shall immediately be removed from service and the
root cause investigated. This shall be treated as a Class 5 defect (Refer Table D4.11).

4114 Cracked or Broken Wheel Rim

Cracked or broken wheel rims are characterised by brittle fracture transverse to the running direction
originated from stress concentration or internal defect in the wheel rim. This type of defect is referred
to as a fatigue crack and usually appears as a solitary crack and must not be confused with thermal
cracks.

Any fatigue crack found in a wheel rim must be classified as a Class 4 defect or a Class 5 defect
(Refer Table D4.11).

4.11.5 Cracked or Broken Flange

Flange failures may be caused by insufficient track clearance or too high flanges. Metallurgical
inhomogeneities or manufacturing errors may also be the cause of fatigue crack initiation leading to
flange failure. These types of defects often lead to large pieces of the flange falling off in service.

Any fatigue crack found in a wheel flange must be classified as a Class 4 defect or a Class 5 defect
(Refer Table D4.11).

411.6 External Wheel Damage

External wheel damage generally occurs as the result of a heavy impact on the wheel and may show
up as a chip or gouge in the wheel flange or a bruise on the wheel tread, see Figure 30. A fatigue
crack can start at this defect and propagate quickly through the entire wheel. Heavy impacts from a
derailment often lead to distortion of wheels and/or axles.
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A close visual examination must be made of both flange surfaces and wheel treads to detect the

presence of any damage.

Any chip or gouge in a wheel which is more than 25 mm long and/or 12 mm wide shall be classified

as a Class 4 defect or a Class 5 defect (Refer Table D4.11).

Table D4.11.1 —- DAMAGED / FRACTURED WHEELS CHART

Class Description of Defect Action Required Speed
Restriction
1,2&3  Classification not relevant. Not relevant. Not relevant.
4 FATIGUE CRACKS IN WHEEL RIM OR If found pre-trip or at a depot, Speed 40
FLANGE the wheel must not enter km/h
Solitary cracks with no critical propagation, service. If found enroute Maximum
usually initiated from a manufacturing defect. continue at reduced speed with 25 km/h over
With no critical propagation means that the the brakes cut out and any points
cracks are not running through the rim of the permitted to clear the section. and
wheel. crossings.
EXTERNAL WHEEL DAMAGE
Generally, results from heavy impact loads on
the wheel which may show up as a chip or
gouge in the flange or as a bruise on the tread or
a wheel distortion.
5 FRACTURED WHEEL NOT TO
Any crack running through the rim, web or hub of RUN.
the wheel.
SHATTERED WHEEL
Circumferential crack visible on rim face, often in
combination with break-away of rim material.
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4.12 Overheated Wheels

Hot or overheated wheels are identified as follows:

e  For wheels that have not been painted, blueing discolouration or rusting of the plate
surface below the rim. Depending on temperature a freshly oxidised surface will appear
pink, violet or blue in colour, and will become darker with age.

e Any wheel which has become severely overheated due to excessive braking or sticking
brakes is a Class 4 defect and should be removed from service. Refer to Table D4.12.1 for
description of the defect and actions to be taken for unpainted wheels and Table D4.12.2

for painted wheels.

—— .

Figure D4.12 Class 4 Overheated wheel disc

Table D4.12.1 —- OVERHEATED UNPAINTED WHEELS

Class Description of Defect Action Required Speed
Restrictions

1&2 Classification not relevant. Not relevant. Not relevant.

3 RIM OXIDATION (RIM OVERHEATED) Work out of service. Normal speed.
Oxidation evident on wheel rim and web
but less than 80 mm from the intersection
between the back or front face and the
underside of the rim.

4 WEB OXIDATION (WEB OVERHEATED) If found pre-trip or at a depotthe Speed 40 km/h
Oxidation evident on wheel rim and web wheel must not enter service Maximum.
greater than 80 mm from the intersection and wheelset to be removed.
between the back or front face and the
underside of the rim. If found enroute, continue at

reduced speed with brakes
isolated or remove from service.

5 WHEEL OVERHEATED IN
COMBINATION WITH THERMAL NOT TO RUN
CRACKS
A Class 4 overheating combined with
thermal cracks classified as Class 3,4 or 5
according to Table D4.5 — Thermal Cracks
and Permissible Speeds
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Table D4.12.2—- OVERHEATED PAINTED WHEELS

Class Description of Defect Action Required Speed
Restrictions

1&2 Classification not relevant. Not relevant. Not relevant.

3 RIM OVERHEATED Work out of service. Normal speed.

Paint blistering and discolouration
(browning) on web but less than 80 mm
from the intersection between the back or
front face and the underside of the rim.

4 WEB WITH PAINT BURN OFF (WEB If found pre-trip or at a depotthe Speed 40 km/h
OVERHEATED) wheel must not enter service Maximum.
Paint blistering and discolouration and wheelset to be removed.
(browning) on web greater than 80 mm
from the intersection between the back or If found en-route, continue at
front face and the underside of the rim. reduced speed with brakes
isolated or remove from service.
5 WHEEL OVERHEATED IN NOT TO RUN
COMBINATION WITH THERMAL
CRACKS

A Class 4 overheating combined with
thermal cracks classified as Class 3,4 or 5
according to Table D4.5 — Thermal Cracks
and Permissible Speeds

4.13 Misaligned Brake Gear

The most common occurrence of misaligned brake gear is where the brake block overhangs the side
of the wheel rim. This not only results in uneven wear of the blocks and rapid reduction in block life,
but also in excessive heat input into the outer edge of the tread and rim face. The condition may be
temporary or permanent. Blocks may also wear unevenly against the running face of the flange.

4131 Temporary Brake Block Overhang

If bogie inspection indicates that the overhang is temporary, then the vehicle is suitable for service
with regular block inspections. On bogies where the brake rigging is rigidly connected laterally there
should be no overhanging blocks. If found, corrective action shall be taken to adjust the rigging
and/or replace worn components. If there is any evidence of other wheel defects, the vehicle shall be
handled in accordance with the applicable clauses of this section.

If a shoulder has been worn on the edge of the block face, the defect shall be handled as prescribed
in Section 4.13.2 below. Note that non-metallic blocks will not necessarily exhibit a definite shoulder
as the overhanging portion tends to break away before achieving a recognisable size.

4.13.2 Permanent Brake Block Overhang

Where an overhanging block is found and determined to be a permanent fault the vehicle shall be
withdrawn from service until the fault has been corrected. Permanent faults are indicated by
evidence of a shoulder or groove on the block face as shown in Figure D4.13.1: a ridge on the wheel
tread as shown in Figure D4.13.2, or Class 4 thermal cracks at the edge of the wheel tread.
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Brake block deformed
with a shoulder on the
outside lg&pe of the
brake block.

Figure D4.13.1: Permanent Brake Block Overhang

Pronounced tread ridge.

— — —
—— — — —
— —
—

Figure D4.13.2: Tread Ridge Due to Block Overhang

Note: The tread ridge as shown in Figure D4.13.2: may also be caused by a wheelset tracking error.
In that case the tread ridge is accompanied by a greater flange wear on the wheel at the opposite
end of the axle.

414 Tyre wheel defects

The use of tyred wheels will only be permitted on steam locomotives and heritage vehicles where
such vehicles were originally equipped with tyred wheels. Owner/operators of vehicles with tyred
wheels shall have in place adequate maintenance procedures to ensure that tyred wheels are
inspected regularly to prevent the possibility of loose tyres

Tyred wheels must be inspected prior to each trip or at intervals less than 1000 km for relative
movement between the tyre and wheel centre. The vehicle must be immediately removed from
service if identified with any of the following conditions:

e any relative movement is detected between the tyre and wheel centre (Loose tyre rotation
around the wheel centre)

e Detachment of retaining ring
e Cracked spokes
e Cracks or flaws on any wheel disc or centre

Brake Block Compatibility with Tyred Wheels

e Only cast-iron brake blocks shall be used with tyred wheels.
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5 Defective Wheelset Bearings

Should defective bearings be found pre departure do not allow the wagon to enter service.

Defective bearings can be identified:

As being abnormal to operational condition including:
Excessive grease leakage

Running warmer than normal

Noisy bearing

Cocked, cracked or damaged seals

Cracked or damaged bearing housings

Interference at the package bearing seal from the adaptor
Strange (burning) smell

Missing or loose end cap screws

Bearings have triggered alerts / alarms identified through hot bearing detectors, refer response actions as
per RAS General Information - Wayside Monitoring Devices

Where a defective or hot bearing has been confirmed the train must be stopped to avoid further damage
and the possibility of a seized bearing, screwed off journal leading to derailment.

Where the bearing is excessively hot such that it is unsafe to move the vehicle, the train must not be

moved.

Where the bearing is overheating but it is still possible to move the vehicle, the train may be moved to
clear the section, but the speed of the train shall not exceed 25km/h and the axle shall be inspected at
every opportunity not exceeding 5km and then detached at the first suitable location.
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6 Defect and Broken Springs

6.1 Bogie suspension

Operators shall have engineering systems and procedures in place to determine the risks of
operating a vehicle with defective suspension componentry. These engineering systems and
procedures shall include mitigation strategies that are to be used to address potential hazards to the
vehicle’s dynamic performance, outline clearance compliance and/or any persons on the rail corridor.
Refer Table D6.1 for bogie spring defects and permissible speeds on the ARTC Network.

Operators are to advise ARTC Network Control when a defective vehicle may cause delays and/or
increase running times.

Table D6.1— TRAIN SPEED RESTRICTIONS FOR DEFECTIVE BOGIE SPRINGS

Circumstance Max. Train Speed (km/h)
Nest: 5 or more springs To be repaired prior to departure
Broken or missing: 2 or more springs If found enroute maximum speed of

25km/h to clear the section

Nest: less than 5 springs To be repaired prior to departure *

Broken or missing: 1 spring If found enroute maximum speed of
40km/h to clear the section

Load sensitive damping To be repaired prior to departure

Broken or missing friction wedge spring If found enroute maximum speed of
40km/h to clear the section

Note 1 - If the vehicle is empty and the broken spring is inactive the vehicle may proceed to a
repair location in the empty condition at a maximum speed of 80km/h.

6.2 Defective Air Suspension / Airbags

Operators are expected to have engineering systems and procedures in place to determine the
risks a vehicle with defective air suspension may have on the network and how mitigation
strategies can reduce any increased risk to a satisfactory level.

Defective air suspension may have a speed limit imposed depending on the design of the
suspension.

Operators are to advise ARTC Network Control when a defective vehicle may cause delays
and/or increase running times.

Where a multiple unit passenger train has a defective air spring / airbag deflation defect on one
bogie of one or more cars, the train may continue its journey at a speed not exceeding 65 km/h.
The train must then be worked out of service.
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Where an multiple unit passenger train has a defective air spring on both bogies of one or more
cars, the train must proceed at a speed not exceeding 25 km/h to the nearest suitable platform
where all passengers must disembark. The train must then be worked out of service.

When the passenger train has any or all the air springs defective, the train may continue in
service at a speed not exceeding 100 km/h unless Operators have specific speed restrictions.

In the event of an air bag deflation defect, the Vlocity VS class is limited to a maximum
operating speed of 45km/hr in degraded mode.

7 Defective Drawgear / Couplers

Where the coupler or drawgear of a vehicle is found to be defective enroute, an emergency towing chain
shall be attached between the defective vehicle and the adjacent vehicle/locomotive. The emergency
towing chain must be at least 16 mm high tensile chain and assessed for towing capacity by the operator.

If the trailing load behind the towing chain exceeds the maximum allowable trailing load listed below, then
the train must be divided, and the defective vehicle hauled as the last vehicle to the first suitable location
where it can be detached.

7.1 Emergency Towing Chain

An emergency towing chain must only be used to move a defective vehicle or vehicles where the
drawgear is broken or defective and in the case where the last vehicle is defective and the automatic air
brakes have been cut out or the handbrake is defective.

The towing chain must not be used if the trailing load behind the towing chain exceeds the limits in the
following table D7.1:

Table D7.1 — EMERGENCY CHAIN GRADE VS TRAILING TONNE
Ruling Grade Maximum trailing load for towing chain
1in 30 255 tonnes
1in 33 255 tonnes
1in 40 265 tonnes
1in 50 320 tonnes
1in 60 375 tonnes
1in 66 400 tonnes
1in70 420 tonnes
1in75 445 tonnes
1in 80 465 tonnes
1in 90 510 tonnes
1in 100 550 tonnes
1in 110 590 tonnes
Level / Descending Gradient 1000 tonnes

Note: Refer to RAS General Instruction “Ruling Grades” or to the ARTC Curve and Gradient
diagrams for ruling grades.
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8 Transferring Defective Vehicles

This Section is to be read in conjunction with ARTC Network Rules and Procedures.

8.1 Vehicles not to be moved

Vehicles with defects such as excessively hot axle bearings or Class 5 wheel profile and tread defects
must not be moved until they have been inspected by a qualified worker and repaired or made safe to
move under conditions as approved by ARTC. The qualified worker is a qualified mechanical
maintenance person attached to an operator’s rolling stock maintenance depot/breakdown crew. In
either case that person shall have rolling stock maintenance experience.

A pony bogie may be used to transfer such vehicles.

8.2 Pony bogies

The correct type of pony bogie shall be used for the vehicle being moved. The Operator is responsible for
ensuring that the correct pony bogie is used for the application.

Defective locomotives, or loaded freight vehicles, supported by pony bogies must be accompanied by a
qualified worker, and that qualified worker must take every opportunity to examine the assembly and
bearings. The maximum speed at which the locomotive and loaded freight vehicles is to travel is 15 km/h,
reduced to 8 km/h over points and crossovers.

Empty freight and empty passenger type vehicles supported by pony bogies can travel unaccompanied
and travel at 20 km/h, reduced to 10 km/h over points and crossovers.

WARNING: The wheel diameters of pony bogies are below that of the detectable limit of axle
counters and may not be detected by the axle counter. The route should be reviewed for
presence of axle counters and operating conditions put in place to manage the transfer.

9 Hunting vehicles

Vehicles that have been identified as hunting from observation shall be slowed to maximum speeds as
follows:

¢ Normal trains speed up to 90 to 115km/h reduce speed to 80 km/h.
¢ Normal trains speed up to 70 to 80km/h reduce speed to 60 km/h.

Vehicles that have been identified through wayside hunting detectors shall respond to alarms as defined
in RAS General Information — Wayside Monitoring Devices - Truck Bogie Optical Geometry Inspection
Hunting Detector Alarms.
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10

10.1

10.2

11

111

11.2

Other Locomotive Defects

Locomotive Excessive Sanding

Excessive sanding can affect the normal operation of track circuits and the signalling system. The
train crew of a train with a locomotive(s) applying excessive sand or sanding continuously shall:

e Advise the ARTC Network Controller and seek agreement to stop their train as soon as
possible.

e  Once their train has stopped, the train crew shall rectify the fault.
e If the fault cannot be rectified, the sanding equipment shall be isolated.

e If sand is needed to overcome poor adhesion conditions, the sand equipment may be cut in
if the train crew advise the Network Controller, in NSW RVD Safeworking areas, the train
continues under block working conditions as per ARTC Network Rules and Procedures,
until the sanding equipment can again be isolated.

Locomotive Wheel Spin
Uncontrolled locomotive wheel spin can cause severe damage to rails.

The train crew of a train with locomotive uncontrolled wheel spin shall advise the ARTC Network
Controller so rails can be inspected for damage.

If uncontrolled wheel spin occurs on any locomotive on a train, no more than three attempts may be
made to move the train. If the train will still not move and/or wheel spin continues, the train shall be
assisted from the section.

Loading Irregularities

Load Shifts

Operators shall have procedures for inspecting loads and managing requirements for load shifts.

Loads that have been identified as shifted in transit should be securely retained or the wagons
detached at the next available siding until resecured and made safe to travel. Refer to ARTC Rules
and Procedures for additional requirements post identification of load shifts.

Refer Appendix A Rolling Stock Outlines and Loading Requirement.

Unbalanced Loads in Bulk Commodity Wagons

Operators of bulk commodity wagons shall establish systems to prevent excessive load imbalance,
particularly where uneven discharge through multiple doors may occur. Bulk commodity wagons
must not enter main line track with excessive load imbalance.

Under exceptional circumstances, a wagon with excessive load imbalance may be moved to a near
siding for detachment from the train. If this movement is authorised, the following conditions apply:

e The unbalanced wagon is not to exceed a maximum speed of 25 km/h.

e  The unbalanced wagon must not pass another unbalanced wagon (whether stationary or in
motion), on parallel lines where the load imbalance causes both wagons to lean toward
one another.
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e The driver of the train conveying the unbalanced wagon must be informed of the load
imbalance.

e Personnel on or about the track must remain a safe distance from the unbalanced wagon
during its movement, and they shall be warned that there is a danger of derailment.

e The unbalanced wagon is not to travel further than the nearest practical location to clear
the section.

12 Management of Stowed Wagons

Vehicles that have been stowed without being moved for extended periods, pose operational and
component defect failure risks. Stowage becomes applicable from 6 months with no yard movements
occurring. (When stowed, vehicles should be moved at least 3 standard wagon lengths in stowage
every 100 days for bearing and wheel health to be maintained). However, tread contamination can
occur in a lesser time, and criteria should be considered for movements where tread contamination
is identified.

If stowed vehicles are required to be operated on the ARTC network, a stowed vehicle movement
plan shall be developed in consultation with ARTC prior to movement and documented in an RACN.

The following criteria and actions as per Table D11 shall be considered in the movement plan,
inclusive of a safeworking plan to cover staff protection at all inspection locations.

Table D11- STOWED VEHICLE MOVEMENT CRITERIA AND ACTIONS

Item | Criteria Action

1 Pathing and scheduling Additional time is to be scheduled into the path to ensure
enough time is allocated at inspection locations.

Movement should take place in daylight hours.

2 Safeworking Plan For each defined stopping location, support staff may be
required to access the corridor. The operator shall have a
safe working plan for all inspection activities and locations
inclusive of protection arrangements for inspection staff.

3 Identification of inspection Operators are to review the route and identify suitable
locations locations where inspections are to take place based on
assessment of length of time and movements prior to
relocation.

Example - Typical staged movement:

Stage 1: initial distance between 5 to 25km and maximum
speed of 25km/h

Stage 2: distance of 25 - 40km and maximum speed of
40km/h

Stage 3: distance of 125 - 150km and maximum speed of
60km/h
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Item

Criteria

Action

Remainder of trip at max speed of 80km/h with up to max
300km between inspection points.

The above distances and speeds may be varied dependant
on vehicle storage time and type of vehicle / bearing and / or
the presence of hot bearing detectors on the section of track.

Considerations for stopping inspection locations:

e Proximity to level crossings and whether the train
may stop in a section that activates or blocks level
crossings or impacts on the time the level crossing is
operating inclusive of vicinity to major road
intersections.

e Ability for inspection staff to access the wheelsets
and bearings on both side of the train. i.e., passenger
platform, culverts or other infrastructure at the
location.

Where no appropriate sidings can be identified, and
inspection lengths need to be extended or the movement will
be approaching at risk locations (i.e. bridges, tunnels etc)
rollby inspections may be required to be added as an
additional inspection point.

Consist marshalling

Wherever possible vehicles stored the longest should be
marshalled at the front of the train for observation by the
crew.

No additional wagons are to be added to the consist for the
movement.

Dependent on the length of consist, additional resources to
inspect the train or splitting the train into two train consist
movements may be required. Restrictions for the length of
train, depending on the inspection requirements may be
implemented to reduce impact on train running and level
crossing interfaces.

Mechanical pre-departure
inspection and preparation

Prior to departure: The inspection of vehicles shall be
undertaken before initial transit to ensure brakes are working,
wheels are turning freely and there are no obvious bearing
faults.

Presence of wheel defects and category are to be advised,
and if these are original defect or dressed condition.

Any bearings with grease leakage are to be noted before
movement to identify fresh grease leakage at each inspection
point. Inspections are to be completed by appropriately
competent personnel.

Where a defective vehicle is identified, it is to be removed
from the consist.
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Item

Criteria

Action

Where possible, the consist should be moved back and forth
within the yard / siding limits prior to departure to identify any
defective bearings or sticking brakes and assist in the
removal of wheel tread surface contamination.

Wheel tread contamination:

Assessment of the train for departure related to potential loss
of signal detection due to tread contamination:

¢ Identification of active level crossings within 2km of
the originating siding / location.

e |dentification of self-restoring switches and
management with network control.

¢ Requirements for the service to be worked under
alternative methods due to loss of detection. (i.e.
manually block worked, CAN warning requirements
and / or train order working, caution orders).

e Advise to Network Control for awareness prior to
departure.

e Potential requirement for the Operator to provide
safeworking coverage for any active level crossing
for any active level crossings within 2km of siding.

Managing brake conditions

General rules of ACO to be followed, and if required cover
vehicles shall be added to the storage movement consist.

RSO to consider the brake applications with rollbys to ensure
brakes are functioning at commencement of the journey.

Enroute Rollby

Roll by inspections are to be undertaken at initial departure
and when stowed overnight, and at each stage / portion of
the movement plan when pathed in for inspections at sidings.

A roll by inspection of both sides of the train must be
conducted to confirm all wheels are rotating and there are no
abnormal noises coming from any of the bearings. The train
speed during the roll-by shall not exceed 10 km/hr. Focus to
be directed towards signs of distressed bearings or sticking
brakes.

During any rollby inspections, if any wagons are found with
wheels not rotating or with abnormal noises from its bearing
the train is to be stopped and not moved until certified and/or
detached at a suitable location. If identified refer to section 5
Defective Wheelset Bearings.

Selection of rollby locations must consider impacts on road
traffic and affects of slowed operations resulting in road traffic
banking up. Locations close to highways and towns should
be avoided.
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Item | Criteria Action

9 Resources and use of heat Sufficient resources shall be provided where inspections are
monitoring equipment required to cover both sides of the train and consider the
enroute. length of train vs the time the train is stationary and
consideration of cooling effects of defective bearings.

Appropriate heat guns shall be used for the movement, and
all staff are to measure the seal / cartridge in 3 positions
about the bearing and use the maximum temperature
measured for each bearing.

Use of mobile thermal cameras for abnormal heat output
where available.

Where hot bearing detectors are located along a section of
track, drivers and network controllers should be vigilant in
communication of defects.

10 | Monitoring by crew in transit | For all movements the drivers are to monitor the consist
where possible to identify any early detection of any faults.
(View the rear of the train where possible in transit).

The train crew are to communicate with passing trains crew
enroute and request a passing roll by where possible.

11 Visibility If the train will have a component of movement at night or
operating in times of low visibility, the vehicles shall be
checked that for compliant reflective delineators. (noting
potential for graffiti or degradation).
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Appendix D - Defective Vehicles and Disabled Train Requirements

Schedule 1: Wheel Profile Measuring Points Definitions

70 mm

Tread Line

‘Wheel width \W

Figure DS1: Tread Line

Flange top

a L T
) Flange height
: Tread line l

Figure DS2: Flange Height
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Appendix D - Defective Vehicles and Disabled Train Requirements

Flange angle

Tread line 13 mm

Figure DS3: Flange Angle

Flange thickness

_Tread line 1105 mm

Figure DS4 : Flange Thickness — Measured at 10.5 + 0.5 mm above the tread line point.
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Appendix D - Defective Vehicles and Disabled Train Requirements

Horizontal line drawn
from highest point
of wheel tread front

Horizontal line

Measure of wheel tread hollowing

Figure DS5: Tread Hollowing - Note that the 3mm hollow wear limit applies at any point across the tread
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