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Important Notice and Disclaimer

This Code of Practickas been developed for use by rail operators and the rail industry as defined in this
Code in conjunction with, or to supplement, the existing codes of the rail organisations.

The Rail Industry Safety and Standards Board (RISSB) and all personsrattiedrfSSB in preparing this

disclaim any liability or responsibility to any person for any consequences arising directly or indirectly from the
use by the rail industry or rail organisations of the Code in whole or in part, and whether or not in

conjunctian with, as a supplement to, the codes which the rail industry currently use.

The RISSB expressly excludes to the fullest extent permitted at law all warranties whether express or implied,
at common law and statute as to the fitness for purpose of the Ctudthe rail user for the intended purpose.

Users of the Code should be aware that, while using the Code, they shall also comply with any relevant
Commonwealth, State or Territory legislation relevant to their operations. Adherence to the Code does not
replace or exclude the application of such legislative requirements. The Code is intended as a guide only and
users are responsible for making their own enquiries in relation to the application of legislation, and the
framers of the Code accept no responsityilin this regard.

Adherence to the Code does not necessarily ensure compliance with any relevant national standards and
other codes of practice. Users are responsible for making their own enquiries in relation to compliance with
national standards and ah codes of practice. To the extent of any inconsistency between this Code and the
laws of a relevant State, Territory or the Commonwealth and any binding rules or regulations of the State,
Territory or Commonwealth, the laws of that State, Territory or @amonwealth shall prevail to the extent of
the inconsistency between this Code and those laws.

While all reasonable care has been taken in the preparation of this Code, it is provided to rail operators
without any legal liability (including but not limitexliability for negligence) on the part of the RISSB and the
RISSB and the publishers, authors, and editors of the Code (and their consultants) take no responsibility for
loss suffered by any person resulting in any way from the use of, or relianceigputilication. Responsibility
rests with the rail organisation to ensure that all aspects of the Code are safe.

Copyright Information
© 2011 Rail Industry Safety and Standards Board

RISSB would like to acknowledge the following contributors who supptiedés for use in this document:

Name Image Location

Mark Robinson Front Cover

Steve Preston Section 1 cover; Section 3 cover, Appendices cover
Howard Moffat Section2 cover

Individual images may not be reproduced separately from the rest ofitttisment without permission from
the above copyright holders.
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Source Documents

ltem  Title Issued by Doc. No. Issue

1 Pressure vessel design Standards Australia AS 1228 2006

2 In-service inspection Standards Australia AS 3788 2006

3 National board The national board of boiler anc Library of Congress 2007
inspection code pressure vessel inspectors catalogue no. 524738

4 Boiler Maintenance Department of Railways, Aug
Manual New South Wales 1953

5 Pressure Equipmerdt Standards Australia AS 4458 1997
Manufacture

Glossary of Terms

Accumulation Test

A test which consists of shutting ofill other stearrdischarge outlets fromthe boiler and forcing the fires

to the maximum.The safety valvecapacity should be sufficient to prevent a pressure in excess of 6% above
the maximum allowable working pressure.

Adequate
Sufficient to meethe requirements set out.

Adjust
To alter as necessary in order to conform to a specific requirement.

Ambient Temperature
Surrounding temperature.

Anneal
Process of softening (by heating and cooling).

Annual / Annually
An event that occurs every 12 caldar months.

Appendix
Text added to the end of this document, containing information that is important to, but is not the main idea
of, the main text

Approved
As sanctioned by a competent person.

Australian Standard
Detailed technical documents developed $tandards Australia

Belly Plate
A type of access door typically fitted in the lowest part of the boiler barrel.

Blowdown valve
A valve fitted to the lowest part of the boiler to facilitate the removal of sediment.

Blowback rings
A component of safetyalves that controls the reseating pressure of the valves.

Boxing Up
Closing and sealing up of a vessel; refitting all mountings and plugs.

Brace
A structural element fitted to support or strengthen.

Bridge (dog)
Fastening clamp used to draw the hand hader onto its seat.
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Bush (socket)
An inserted fitting that may carry a plug, or be used to refurbish a worn or damaged threaded hole.

Bulge
Deformation in a plate or tube.

Calibrate
To check, adjust, or determine by comparison with a standard (the graghsbf a quantitative measuring
instrument)

Caulk / Caulking
A process to seal a riveted joint or around a rivet head, effected by hammering with the blunt edge of a
caulking tool.

Caustic Enbrittlement
Metallurgical failure characterised by continuousstly intergranular cracks, that occurs under certain
conditions, such as stressed metal, high pH, highly caustic water, traces of silica and a leakage path

Change

To modify or alter the original design.

Chimney

Hot gas exit from the boiler. See also furine

Check

The act or an instance of inspecting or testing, as for accuracy or quality; examination
Cladding

External skin covering exposed boiler surfaces, typically made from sheet metal.
Clean

(n) Free of dirt or contaminants; (v) to remove dirt or contanants.

Code

A systematic collection of regulations and rules of procedure or conduct.

Competent

A person who, due to their knowledge and skills, is acceptable to the owner/user/operator to perform a
required task. The appropriate skills and knowledge tmaybtained through training, experience,
gualifications or a combination of the above.

Control of Change

A procedure whereby proposed variations to design are specified and reviewed by competent personnel
before any modification is implemented. It alsoludes the assessment of risk, traceability and communication
of the variation.

Crack
A linear defect in the homogenous structure of the material.

Corrosion
A state of deterioration in metals caused by oxidation or other chemical reactions that teadss of
thickness.

Crinoline Bands
Framework to support boiler cladding.

Critical part
The first part of the boiler exposed during a low water condition. Also known as the vital part.

Cyclic
Recurrent.

Cyclical Stresses
An internal distributbn of forces that changes over time in a repetitive fashion.

Dead Weight Tester
An instrument for the calibrating of pressure gauges.
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Design
Plan something for a specific role, purpose or effect.

Design verifier
An independent third party who reviews design for compliance.

Dewpoint
The temperature at which water vapour in the air becomes saturated and water droplets begin to form.

Dezincification

Corrosion of an alloy containing zinc (usually brass) involving loss of zinc.
Diaphragm

Flexible maarial that allows for expansion and contraction.

Driven head

Normally a head formed by either mechanical or by hand methods, or located at the opposite end of the
manufactured head on rivets and stays.

Driven Stay Heads
The act of forming a drivehead.

Ductile
Easily moulded or shaped; flexible, not brittle.

Dog
See bridge.

Elongation
The limit of stretch of material before yield.

Erosion
Wear caused by the movement of particulates over a surface.

Examine
To carry out a survey of the conditioof an item or system.

Fatigue
The effect on metal of repeated cycles of stress, whereby the material is weakened.

Fire Crack
A defect in material caused by heat.

Fit for purpose
In such a condition that it is able to perform its intended purpose.

Fracture
A separation or break

Flame impingement
Direct contact of flame on surfaces, leading to degradation.

Fullering
A method of caulking where the width of the tool is equal to the width of the bevelled outer edge of the plate.

Funnel
See chimney.

Good Fit
An interface with no shake or bind (such as a screw thread); within the acceptable tolerances.

Grooving
Fatigue corrosion acting in certain areas where cyclic stresses are applied.

Gusset
A bracing member or stay.
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Hardening
The metallurgicgbrocess used to change the molecular structure of the steel to increase its wearability or
resistance to abrasion.

History file
The repository of all the relevant information and records of inspection, maintenance and repairs of the boiler.

Heat Treatment
A combination of heating and cooling operations applied to a metal or alloy to obtain desired metallurgical
conditions or properties.

Inert gas
A non-reactive gaseous element.

Inspect
The act of examination or review.

Instruction
A formal direction.

Jointing materials
Jointing materials are used to provide a fluid tight seal between two stationary pressure parts (joints).

Knocking Down
See driving heads.

Knuckle(s)

The compound radius where two flanged plates join, eg firebox tubeplate.
Lagging

Maerial with insulating properties applied to hot surfaces to retain heat.

Leak
An escape of contents of the boiler to atmosphere.

Lime (hydrated)
A substance used in the annealing process. Please refer to MSDS sheets for this product.

Lime (quick or slack)
A substance used for lortgrm storage of boilers. Please refer to MSDS sheets for this product.

May
Indicates the existence of an option.

M.S.D.S.

A material safety data sheet (MSDS) is a form containing data regarding the emdéra particular

substance. An important component of product stewardship and workplace safety, it is intended to provide
workers and emergency personnel with procedures for handling or working with that substance in a safe
manner, and information sucs physical data (melting point, boiling point, flash point, etc.), toxicity, health
effects, first aid, reactivity, storage, disposal, protective equipment, antiapilling procedures.

Metallurgy
The science of metals and their structures and propsti

Mode of Failure
The underlying causes of failure or which initiate a process that leads to a failure.

Monel metal

Monel is an alloy (i.e. combination of two or more elements of which at least one is a metal, and where the
resultant material has metial properties). It is based on nickel (G®%) and copper (289%) and also

contains iron and manganese (5%) and other compounds.

N.D.E.
Non-destructive evaluation.

NATA Organisation
A nationally accredited testing organisation.
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Normalise
A heattreatment process that has the object of relieving internal stresses and refining the grain structure.

NSWGR
New South Wales Government Railways.

OH&S
Occupational health and safety is a croésciplinary area concerned with protecting the safety, health and
welfare of people engaged in work or employment.

Overhaul
Perform the actions necessary to make the items fit for purpose.

Packing
Packing materials are used to provide a fluid tight seal between a moving part (valve spindle or piston rod) and
a stationay pressure part (the gland).

Periodic
Happening or appearing at regular intervals.

Plate

Flat metal.

Pitting

Localised severe corrosion.

Provenance
A proven history.

Recondition
Perform the actions necessary to make the items fit for purpose.

Records
A collection of documents that contain the history of specific items that relate to a piece of equipment. Also
refer to history file.

Red Line / as required pressure gauges
A line on the pressure gauge that indicates the maximum allowable bodssyre.

Reflex Glass

Is thick plate glass through which the water is seen is prismatic in form, with the result that light striking the
steam space is reflected back to the eye of the observer so that this part appears bright and silvery: light
strikingthe water space, however, passes right through water, and is absorbed by the metallic back of the
gauge, so that it appears dead black.

Renew / repair
To refurbish an item to make it fit for purpose

Replace
To exchange an item with a new or overhauliéeim.

Rivet
A fastener installed through multiple plates where the shank opposite the formed
head is shaped into a head by hot or cold methods.

Safe ending
A process by which a tube may be recovered for further use through the replacement of a danragetho
end.

Safety critical
A system or component whose malfunction or failure may result in injury or death.

Saturated (Steam)
Contains minute particle of water in suspension, is also known as wet steam.

Scab
Al so known as 0 bl andicatordf cowrosiom oy st er 8 and i s
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Scale
A layer of foreign material adhered to a surface, e.g. corrosion scale or deposits of boiler water contaminants.

Scarf

The angle an item is cut to fit a mating piece.
Sealing

The process of containing leaks.

Serviceable

An item that is in a state in which it can perform its required function.
Sheet

See plate; commonly used in American practice.
Shall

Indicates that a statement is mandatory.

Shank

The plain section of a rivet, stay or stud.

Sheathing Plate
A doubling plate fitted into the bottom of the barrel of some boilers.

Should
Indicates that the statement is a recommendation.

Specification
An explicit set of requirements to be satisfied by a material or product.

Standard
A document that lists requéments as normative or informative reference.

Stay
A mechanical device used to separate and support two plates.

Stay normal to the plate
Where the centreline of the stay intersects the plate at 90 degrees.

Stay not normal to the plate
Where the centrehe of the stay interests the plate at other than 90 degrees.

Stud
A threaded fastener.

Stud Driver
A device used when fitting studs.

Suitable
Appropriate for a specified purpose.

Superheated (Steam)
Steam heated above the saturation temperaturé¢hat pressure.

Tensile Strength
A unit of measure describing the strength of a material.

Test
Means to determine, using appropriate equipment, the function or condition of an item.

Test Certificates
Documentation that confirms that a material or iteconforms to a nominated specification or standard

TPI
Threads per inch.

Tolerance
The allowable variation in dimensions specified in a design.
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Vital part
See critical part.

Washout
The process of cleaning scale, sludge and sediment from the waterssplihe
boiler.

Water Treatment
A process used to make water more acceptable for use in a boiler.

Welder Qualified to the Standard
A tradesman who has satisfied the requirement of AS/NZS 3992 Pressure Equipwifeiting and Brazing
Qualifications.

Wel d Procedure Qualification Record (WPQ)
The record of a proof test of the WPS (below).

Welding Procedure Specification (WPS)

Sets out the allowable parameters and welding consumables to conduct a particular weld. These instructions
to the welder shalinclude specification of prend postNDE, sequence of welding, pre and post heat
treatment.

Work Harden
The hardening of metal by plastic deformation.

Yield Strength
The stress at which the material becomes deformed plastically.

© RISSBJune2011 Pagell



Inspection, maintenance and repairrail locomotive boilersd Code of Practice

Important Notice and Di  sclaimer

RISSB Codes of Practice address a variety of issues and are constructed to be the practical interpretation of
how to meet a standard or other higher level statement of requirements. They are intended to provide
practical and detailed guidance anleast one acceptable method of compliance with high level requirements.
A Code of Practice may not provide guidance for every possible situation involving the subject matter.

This Code of Practice was prepared by the Rail Industry Safety and Slarlzaird Boilers Development

Group and The Association of Tourist and Heritage Rail Australia. The development group was responsible for
writing the initial and then the comment and feedback stages. The Rail Industry Safety and Standards Board
Rollingstok Standing Committee advised on the technical scope and content.

This Code of Practice uses good practices and procedures of the state government railways that maintained
steam locomotive boilers. The Code of Practice is based on the requirements sét the existing Australian
Standards AS1228 and AS3788, and other applicable standards where noted.

We acknowledge The National Board of Boiler and Pressure Vessel Inspectors (USA) for allowing RISSB to
use parts of its National Board Inspection Code 2007This Code of Practice.

Implementation

This Code of Practice intends to give practical guidance about the inspection, maintenance and repair of
railway steam locomotive boilers in Australia.

It intends to assist owners/users/operators* of locomotivelbrs in railway service to comply with their
legislated responsibilities by linking relevant Australian Standards covering pressure equipment and the
documented practices and experience from past organisations that used and maintained these boilers.

ThisCode of Practice is for owners/users/operators using locomotive boilers on both commercial rail
networks and tourist and heritage railways.

*The term owner/user/operator is drawn from AS3788 Pressure Equipmdntservice Inspection, clause
1.4.7. Thislause identifies those caring for the integrity of the boiler.
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Background

The heritage and tourist sector is represented by many operators, maintainers and repairers across Australia.
In 2010 there were over 100 steam locomotives working across Austréhiay range in size from very small

types (like those used in the sugar industry) operating in a leisurely tourist or heritage environment, through

to mainline express locomotives running at high speeds on tight schedules on the Australian commereial main
line network.

Every steam locomotive is equipped with a boiler classified under AS 4343 Pressure Eqliptaeatd
Levels as a hazard level B pressure vessel. Their design is covered by AZ0B2®ressure Equipmént
Boilers, which also references theiginal design standards (such as @BB57, part 3) where applicable.
Their inspection and assessment of fithess for service is covered by A8 ZB® Pressure Equipmentin-
Service Inspection. There are several other standards covering similar itemaspoéssure piping and
smaller attached equipment, like pressure relief valves.

Locomotive boiler design, construction, operation, inspection and maintenance practice dates to the early days
of the Industrial Revolution in the 19th Century. Except fdiesv isolated cases, the locomotive boiler design

was removed from commercial service in Australia by the early 1970s when dieselisation of the railways was
completed.

During the steam era, Australian railways were mainly owned, operated and maintain@tiebyovernment
agencies. Also, dotted across Australia were many small, private operators, such as those in the sugar and coal
industries.

Inspection, maintenance and repairs to boilers were carried out at local depots, and major rebuilds and new
construction occurred at major workshops. This was supported by specialised staff and infrastructure. The
staff was specifically trained in their specialist fields, backed up by many years of experience working with
locomotive boilers.

With the advent of the disel and electric locomotive age, this large engineering work was shut down from the
late 1960s, and the personnel moved into other roles to support the new locomotive technology. Today, most
of the people who had direct experience with these boilers haatired or passed away.

As the steam locomotive was being phased out in Australia, many examples were preserved by government,
local councils, volunteer organisations, private individuals and museums. A number of the organisations aimed
to keep the steamdcomotive operating. Many have been successful.

These organisations have ranged from government railway operating departments, through organisations
working from an entirely volunteer base that operate intermittently, to those with a mixture ofifuk paid
and volunteer staff maintaining a yeaund daily operation.

Away from the main line, the heritage and tourist railways sector has over 80 recognised accredited operators
in Australia.
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Scope and General
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1 Scope and General

This Code of Practice is the product of a development group of subject matter expertBiiers COP

Group) operating under the accredited Standards / Code development process and governance framework of
the Rail Industry Safety and Standards Board @IS®e Development Group consists of members from the
Association of Tourist and Heritage Rail Australia, rail operators and manufacturers

During the 1990s the federal and state governmeardassferreddirect responsibility for boiler inspections by
starting self regulation through transferring responsibility to the owner/user/operator.

This needed management systems to implement comprehensive inspection, maintenance and repair programs
to ensure ongoing fitness for service. This has also typicallyteesinl the use of independent inspectors.

Each state still requires boilers to be registered with the responsible authority. These authorities can audit
owner/user/operators that any time to determine that they are meeting their statutory responsihilities

I n order to operate a heritage or tourist railway, ea
regulator, which ensures that each operator has the management systems to ensure ongoing operation in a
safe manner and in compliance with rkgions.

The Australian railway sector has recognised that steam locomotitertexpertise is diminishing.

One of the sources of technical support services for the owners/users/operators of steam locomotives is the
independent inspectors. There is alaoange of familiarity and experience in the design and construction, and
typical faults found in locomotive boilers used in railway service in the owner/user/operator organisations. In
some cases, experienced practitioners can be found to provide tedhadeie, but they are rare.

With the advent of tourist and heritage railways, some of the larger and more successful organisations have
established engineering workshops and begun reinvest:i
construction, mainteance and inspection of the steam locomotive continue.

This code of practice is intended to fill the gap left by the loss of experience as the use of steam locomotives
continues into the 21st Century. This document provides a practical guide for owners/aperators to

assist them to meet their statutory responsibilities on steam locomotive boilers, which might be summarised
as: operating a boiler that is fit for service and presenting the minimum possible risk to any person, with the

minimum possible risto the object.

This is typically achieved by inspecting, repairing and maintaining appropriately.

Importantly, each owner/user/operator is responsible for understanding their statutory responsibilities set out
by the laws and regulations that apply tetn (i.e. Occupational Health & Safety Act & Regulations). This
document does not intend to inform or instruct the owner/user/operator on the specifics of those
responsibilitiesThis Code of Practice is intended to be used in its entirety. Owners/useesaiprs shall not

pick and choose clauses to suit their requirements, and ignore those that do not.
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1.1 Responsibilities overview for the owner/user/operator and inspector
Plan the inspection program and prepare for the inspection by:

e Having or obtainingn understanding of the regulatory responsibilities applicable to the boiler.

e Having or obtaining an understanding of the risks of inspecting and how to do it safely, for example, in
confined spaces.

e Having or obtaining an understanding of the designcamstruction of the boiler.

e Having or obtaining enough knowledge of the equipment degradation mechanisms (internal and
external) applicable to a locomotive boiler and its fittings and attachments to be able to plan an
inspection.

e Having or obtaining suffent knowledge of the acceptability criteria for imperfections and defects.

e Having or obtaining an understanding of the likelihood and consequence of failures of the boiler and
its fittings and attachments to the operating crew, the public, and third gméffected by the failure.

e Having or obtaining enough knowledge of the inspection and test techniques and their effectiveness
for a steam locomotive boiler, that is, visual, rdestructive (NDE), destructive, hammer, hydrostatic
and operational.

e Havingor obtaining sufficient knowledge of the maintenance requirements to ensure critical boiler
fittings and attachments are reliable, for example, safety valves, water gauge glasses, blowdown valves
and fusible plugs.

e Keep a current and detailed history fildth operational information, repairs and maintenance,
incidents, faults observed (such as, from operational surveillance reports) and boiler water condition
management plan and outcomes. Gather information on the previous history of the boiler, such as
inspection reports, repairs, failures and incidents.

¢ Have an inspection and maintenance plan for the operating cycle of the boiler. Owner/user/operator
and inspector shall meet and agree on the inspection plan.

Prepare the boiler for inspection based on tmspection plan, for example:

Washing out the boiler.

Preparing fittings and attachments for inspection and testing.

Removing lagging as needed.

Attending to safety requirements.

Preparing facilities and equipment for the inspector.

Inspect in line withte plan:

Inspector to assess equipment integrity using experience and observation to broadly survey the boiler

and important accessories.

e Follow the publised standardsind other relevant reference documeritsthe inspectionincluding
(but not limited to) AS/NZS 3788 Appendix Y Inspection of Heritage Boilers and Pressure Vessels.

e Accurately record observations (including photographs) and collate other reports (such as NDE) to
create a complete record of the inspection.

e Determine what @fects and imperfections are evident.

e Decide on any further inspection and/or testing required to complete the inspection.

Inspector to report to the owner/user/operator the results of the inspection, such as:

e Defects, repairs, alterations and-rating.

e Inspector to report to the owner/user/operator what defects and imperfections are evident.

e Inspector, where competent, to advise the acceptability or otherwise of the defects and
imperfections.

e Inspector, where competent, to advise what repairs and tgsére required or, if not competent to
do so, advise, where possible, what the owner/user/operator needs to do to return the boiler fit for
service.

e If required, and where the inspector is competent, advise that the boiler may be operated at a
specified reluced pressure.

e The Inspector is to inspect after repairs in line with design or fabrication standards.
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Completed inspection report

The inspector shall give a complete inspection report to the owner/user/operator that includes all third party
information(such as NDE reports), assessments of fithess for service, detailed information on defects and
imperfections and any post repair inspections and testing done.

The owner/user/operator and inspector are to review the inspection report and revise the ingpeptan and

set the next inspection date, if required, at less than 12 months. Also, any changes to the management and
operation of the boiler recommended by the report to ensure fitness for service up to the next inspection, are
to be discussed.

The Inspetor shall issue a certificate of inspection under the applicable regulations and reference standards.
Commissioning:

The owner/user/operator to reassemble boiler and test for commissioning as required in the inspection and
maintenance plarsuch asydrodatic leak testingsetting safety valves steam, leak inspection in steaand
other operational checks.

Note that the inspector may need to attend these tests and this shall be specified in the inspection plan or
inspection report.

Operate the boiler inline with instructions and conduct and record operational surveillance specified in the
inspection and maintenance plan.

1.2 Accountable, Responsible and Competent Persons

The safe operation of steam boilers depends, in part, on the consistent applicdtimod management and
inspection practices that ensure the inspection, testing, repair and maintenance of boilers is conducted to an
adequate standard.

This requires suitable people, both to do and supervise these functions.

An Accountable Person(s) onsidered responsible for the Safety Management System that the railway
operates under, e.g. 6The Executive Management . 't is
Person(s) for each railway organisation (the owner/user operator) appoint a ReipePerson to manage

and coordinate inspection, testing, repair and maintenance to ensure the safety of the boilers.

The Accountable Person(s) is also responsible for ensuring that the boiler integrity management system, with
all of its required elemds, is an integral part of the railway safety management system required to achieve
accreditation to operate.

The Responsible Person should be formally appointed by the railway organisation through the safety
management system. The role shall have atiposilescription detailing the responsibilities and authority over
operating boilers on the railway and shall be responsible for implementing the boiler integrity management
system and its associated activities. The person appointed shall have a seitalblekgls and knowledge of
locomotive boilers to fulfil the role set out in the position description, e.g. The Engineering Manager or
Locomotive Superintendent.

The Competent Person(s) shall be authorised by the Responsible Person to undertake amryjtdskf work
on a boiler that may affect its integrity. Examples are: Inspection, Condition Assessment, maintenance, repairs,
modification, supervision, instruction and training.

See AS3788, Section 1.4.3 for guidance on competent persons.

Note that in some organisations an individual may fill more than one of these roles. It is important that in all
cases the responsibilities and authority of each role is clear to all personnel involved in integrity management
of the boiler.
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Accountable Person(s)
0The Executive Mai

v

The Responsible Person
0The Engineering |

v

Competent Persons

Ol nspectors, Fittg
Boilermakers, Welders, Machats,
Fi xed Equi pment EJ

These may be #house employees or
contractors.

1.3 Health & safety

This document contains technical information and does not deal with the health and safety requirements that
may be relevant to inspecting, maintaining or repairing of locomotive boilers.

Before undertaking any works it is nexsary to plan the work and this shall include all the elements to ensure
management of health and safety.

Hazards need to be identified, risks assessed and the necessary risk controls developed and implemented.

It is incumbent on the owner/user/operatdo become familiar with the specific health and safety
requirements set out in legislation.

The following issues typically need to be addressed to successfully manage health and safety when inspecting,
maintaining or repairing locomotive boilers:

Safe sysims of work

Personal Protective Equipment

Asbestos

Entry into Confined Spaces

Working at heights

Hazardous materials

Equipment fit for purpose

Qualifications & certification for specific work
Emergency response.

The assistance of health and safetgfessionals may be required to complete the hazard identification, risk
assessment and development of controls.
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2 Inspection

2.1 Scope

This section contains detailed inspection requirements for locomotive boilers. Inspection of items described in

this section may include application of appendices. While this is a comprehensive list of required inspections,

it is not necessarily a compketist as individual boilers may have specific design features or historical

degradations inherent in their manufacture and operation. The owner/user/operator shall review the

inspections listed in this document, and, where necessary, implement additispettion regimes to cover

any areas specific to their boiletnformation provided in this section makes up essential requirements to

conduct a comprehensive inspection of a locomotive boiler as laid out in this code of practice. It is strongly
recommerted that the owner/user/operator consult with the inspector before any inspection is conducted to
ensure that al/l necessary items wild.| be included in t

2.2 Periodic Inspections
2.2.1 Operational inspections

Inspections shall be completed by operational personnel when lighting up, during operation and stabling the

l oco. This is called 6Operating Surveillance and Moni
procedures and practices for operatiopgrsonnel to do operational inspections during their duties. These

should include the specific inspection requirements, equipment condition standards to be met and any record

keeping this requirement shall be included in the Safety Management Systematisatith equipment

operational procedures.

2.2.2 Inspections between the annual inspection

Boilers shall be inspected, by competent persons under the inspection plan at any washouts between the
annual inspection, after an incident that requires the bdibdbe taken out of service, and when shopped for
boiler repairs to find if there is any visible degradation or damage requiring attention.

2.2.3 Annual boiler inspections

An annual inspection shall occur as required by AS37B8.annual periodic inspection, using the available
inspection openings, will include a close visual examination of the areas that can be seen. This typically includes
the internal steam/waterside surfaces of the boiler shell end plates, fire box, foomdety, and all stay tubes,

smoke tubes, stay bars plus the fireside surfaces of the firebox, tube plates and tubes to ensure that no
cracking, grooving or general wastage has occurred.

The visual inspection shall be done with all surfaces dry. Therldpector may request the removal of
cladding and lagging in the way of known problem areas.

Every locomotive boiler shall be inspected under steam by a boiler inspector as soon as possible after each
periodic inspection. The inspection shall includditesthe safety valve, and the examination and safe

operation of all fittings, valves and injectors. The inspection zones in section 2.6 will assist doing an effective
inspection.

2.2.4 Inspection requirements at intervals greater than annually

The annuainspection conducted through the available openings does not provide sufficient access to many
internal surfaces, stays, etc to accurately assess thetémngintegrity of the boiler. This is normally achieved
by a full internal inspection.

This code of pactice (COP) makes reference to AS3788, Clause Y5.3.1.5 (Inspection of Heritage Boilers &
Pressure Vessels, Normative), which requires that O0A
the necessity of, this inspectiond.

Therefore, consideringhe circumstances of locomotive boilers operating in railway service this COP requires
a close visual inspection of all waterside, fireside and external surfaces of the boiler including its shell, tube
plates, fire box, foundation ring, stay bars, stayetsiand other stays at a maximum ofy€ar intervals. The
requirements set out in Appendix C External Corrosion shall also apply.
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This requirement may be varied if an appropriate technical assessment by an independent Competent Person
determines that te long term integrity of the boiler can be assured by means other than a full internal visual
inspection, and specifies the inspection plan and techniques that will provide an outcome of equal quality to a
full internal inspection This assessment shoukike into account the state of knowledge of the effectiveness
boiler the water treatment, the history of inspection and repairs, operating hours and storage method when
not in use, common failure modes and operational régime (loads hauled, cyclic senvam, ioperating

conditions).

Typically, sufficient tubes need to be removed to allow access for the preparing of surfaces and inspection.

The interval between inspections may need to be shortened if the operational and maintenance history shows
active dgradation mechanisms, or operational circumstances that may result in accelerated deterioration or as
otherwise required by the boiler inspector.

In circumstances where it is not possible to determine when the boiler had the last full internal inspection
then, in consultation with the boiler inspector, a full internal inspection should be considered for the next
annual inspection.

A hydrostatic test in line with the standard shall be done at the end of the work before the boiler is steamed.
2.2.5 Specifictate legislative requirements

Legislative requirements for locomotive boilers and pressure vessels vary between States and Territories
across Australia. Such requirements shall be considered as well as those in this Code of Practice.

2.2.6 Preinspection peparation of locomotive boilers

A Competent Person should inspect the boiler when it
The positioning of ash and indicators of leaks or other boiler defects may be seen and noted before cleaning in
preparation for the formal internal inspection.

Before the internal inspection the boiler shall be cleaned by removing all products of combustion (i.e. ash,
cinders and the like), water side deposits and corrosion products. Telltale holes should be preaen cl

To help an internal inspection of the boiler a complete washout shall be completed in line with Appendix T
Washouts.

All surfaces to be inspected shall be dry.

When cladding and lagging is removed for inspection of external surfaces, all foreigialntzaée will limit the
effectiveness of the inspection shall be removed.

2.3 Inspection Methods
2.3.1 Methods

AS3788 states that inspection shall include visual examination supplemented, where necessary, by other
methods. These supplementary methods rmeyude magnetic particle examination, penetrant examination,
radiographic examination, ultrasonic thickness measurements and flaw detection, eddy current testing,
hardness testing, acoustic emission techniques, leak testing and monitoring operatiatisearapplicable
methods

Inspection design and planning should recognise that inspection techniques may not detect all defects. The
reliability and sensitivity of the inspection techniques should be considered.

2.3.2 Plate thickness

Plate thickness and depof corrosion may be determined by using the ultrasonic thickness testing process or
other approved methods.

Where access is possible, the depth of pitting may be found by using a depth micrometer or a pit gauge.

Particular attention should be given tbd joint between the stay and the plate and to any areas known for
wastage.

On boilers of an unknown provenance or where there is a lack of knowledge or experience of the usual
wastage and damage zones, it is recommended that plate thickness readings are taken across the entire boiler.
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On stayed sections, the plate thicknessdiays should be taken on a grid not exceeding the maximum stay
pitch at the centre of each section of four stays. Additional readings may be taken close to each stay to
determine whether localised thinning has occurred.

On unstayed sections, the plate tkness readings should be taken on a grid not exceedingr88512inch)
centres. Reduce the grid area in those locations that are prone to corrosion and/or erosion (such as the
bottom of the bottom of the barrel and the water line).

Alternatively, a patirn of profile scans may be appropriate, or other NDE processes can be considered.
2.3.3Plate cracking

Plate cracking can be detected by visual inspection or by the use of appropriate NDE techniques (e.g. dye
penetrant testing, magnetic particle, ultrasts etc).

2.3.4Separation of plate

Separation of plates at riveted seams may be found by use of a feeler gauge and magnifying glass or other
applicable method.

2.3.5Broken stays

Broken stays will be detected by leakage through clean, clear telltas tublen the boiler is under
hydrostatic test.

2.3.6Light source

Varying the intensity of inspection lights may assist discovery of defects. Placement of the light to shine parallel
to the surface is one method of detecting pits and surface irregularities

When inspecting internal stayed surfaces, placement of a light source within the stayed zone will help the
inspection.

2.3.70ptical devices

Using optical devices for viewing beyond that observable from the inspection openings should be considered
2.4 Inspection Zones

2.4.1Specific zones

This section outlines guidance for inspection to each specific sub assembly (inspection zones). Notes are also
provided that may be helpful if further evaluation is required.

DOME COVER
REGULATOR MAIN VALVE
REGULATOR HEAD

INJECTOR STEAM PIPE
DOME STEEL ROOF STAYS,

REGULATOR STUFFING

REGULATOR PILOT VALVE POP SAFETY VALVES
BOX AND GLAND

oooooo

aaaaaaaaaaaaaaaaaa

oooooooooooooo

ooooooooo

ooooooooooo

ooooooooooooooooo

INJECTOR DELIVERY PIPE

uuuuuuuuuuuu

SIDE STAYS

oooooo

DAMPER DOOR

Figure 2 Narrow fire box locomotiype boiler
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Dome Course

Crown Sheat

Insicle Throat Sheet

Figure 2 Arrangement of Firebox Sheets (Stays deleladtypr
2.4.2Riveted seams and rivet heads
Riveted seams and rivet heads shall be inspected for:

grooving

corrosion

cracks

pitting

leakage

separation of the plates

excessiver deep caulking of the plate edges and rivet head
condition of sealvelded plate edges

rivet heads that have been built up by, covered over completely by, or sealed by weld repair
rivets that have been replaced by patch bolts

defective components of theeam

Notes: Broken rivet heads or cracked plates may result from sodium hydroxide cracking (caustic
enbrittlement).

Riveted longitudinal lap seams should be carefully examined, using NDE if necessary, because this type of
construction is prone to crackingrhe inspector shall ensure that any lap seams have the mandatory test
grooves cut (Reference AS3788, Appendix Y3.1 cracking of lap joints and use of test grooves).

When determining the extent of corrosion to rivet heads, it is important to know the tigsize and the type
of rivet head used for the original construction. Corrosion can alter the appearance of these items and disguise
the full extent of the damage.

2.4.3Welded and riveted repairs
Welded and riveted repairs shall be inspected for:

correct application of welded patches or weld application

correct application of riveting

cracks

separation of the plates

dents or other mechanical damage

leakage

previous repairs shall be closely inspected to prove their ongoing integrity.

© RISSBJune2011 Page23



Inspection, maintenance and repairrail locomotive boilersd Code of Practice

2.4.4Boiler shell covses/barrel/sections
The boiler shell course/s shall be inspected for:

grooving or cuts

corrosion

cracks

pitting

separation of the plates

dents or other mechanical damage

leakage

sheathing plates, if fitted, shall be thoroughly inspected, particularbgfmration and/or bulging from
the barrel due to corrosion products.

Notes: An accurate inspection often cannot be done until all or some of the tubes have been removed and
the interior has been cleaned, since mud and scale make it difficult to detfetitsleSee also Section 2.4.32
External Surfaces.

Inspection of interior of boiler whenever tubes are removed

Whenever a sufficient number of tubes are removed from a locomotive boiler during repairs, the Boiler
Inspector will inspect the interior of thbarrel (and sheathing plates, if fitted), and write a report on the
condition of the barrel.

2.4.5Dome and dome lid/cover/flanges
The dome and dome lid shall be inspected for:

grooving

corrosion, especially at the interior section attached to the boiletrse
cracks

pitting

separation of plates

dents or other mechanical damage

leakage

stretched, bent, or corroded dome studs

damage to the steam dome cover sealing surfaces

the dome lid locating flange on the dome shall be checked to confirm that its thaslammplies with
the minimum required.

Notes: Close inspection should be made to the interior section at the joint attached to the boiler course.

If the dome studs are bent, a careful evaluation should be made of the lid for leakage and mechanical damage.
2.4.6Foundation ring or mudring

The foundation ring and rivets shall be inspected for:

mud and scale on the waterside

debris on the waterside

corrosion

grooving

cracks

separation of the firebox plates from the mudring

dents or other mechanical damage

leakage

smooth wastage on the outside surface caused by leaking foundation rivets.
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2.4.7Tube plates
Tubeplates shall be inspected for:

grooving around tube holes, rivet seams and braces
cracking of the ligaments between tube holes

pitting

fireside and waterside corrosion

fire cracks at riveted lap seams

cracks

bulges

signs of leakage

excessive or deep caulking of the plate edges
flame impingement (firebox tube plate)

Note: Corrosion is common at the bottom of the front tube plate. Close inspection of the joint between the
front tube plate and shell shall be made.

2.4.8Flanged plates

The flanged section of all flanged plates shall be inspected for:

pitting

corrosion

cracks

grooving

scale and mud deposits

correct fit up and alignment of the flanged plate to the adjacent plates.

Notes: Corrosion is common at the bottom of the smoke box tube plate.

Cracking is common around washout plug holes in the flange radii tbatat fitted with a supporting
doubling plate.

The flanges should have a smooth, uniform curvature and should make a smooth transition to the flat sheets.

Grooving and cracking in the radius of the flanged section will occur over time. This is an essential item for
close examination.

See also Section 2.4.8xternal Surfaces.
2.4.9Stayed plates
Stayed plate shall be examined for:

scale and mud deposits

loss of plate thickness around wall stay holes
deterioration of the joint between the stay and the sheet
grooving on the waterside section

pitting

fireside and waterside corrosion

overheating

fire cracks at riveted lap seams

cracks

bulges

erosion, particurly on oil burners.

Notes: Close inspection of plates behind refractory or grate bars should be done for fireside corrosion.
Corrosion of firebox plates and rivets inside the firebox can also be brought about by the contact of wet ashes
when allowed to emain between the grate and firebox plates, and by leakage of water from under rivet heads.
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Locomotive firebox plates conduct a high heat flux and are subjected to high cyclic stresses, particularly
around the back corners. These plates require close @etailed inspection to ensure that these conditions
are monitored.

The competent person shall examine this part of each firebox frequently to observe if leakage or other
conditions exist that would corrode the plate. This inspection intends to preventh&mtrouble.

Close inspection should be made for grooving on waterside surfaces of the stayed sheets just above the
foundation ring.

See also section 2.4.32 External Surfaces.
2.4.10Wall stays
Wall stays shall be inspected for:

cracks in or breakage of éhbody

wastage of the wall stay head

wall stay head flush with or below the surface of the sheet

plugging of telltale holes

waterside corrosion

wall stay heads that have been built up, repaired, sealed or covered over by welding
correct application okeal welding to wall stays.

Notes: An indicator of waterside corrosion on threaded stays is the lack of threads on the section of the
stays body just above the sheet.

Broken stays may be detected by leakage through telltale hole.

When a broken stay is fouh the stays next to it should be examined closely, because these may have become
overstressed by adding the load from the broken stay.

A plugged telltale hole may indicate the wall stay is broken and needs replacing. Plugging telltale holes is not
permitted and shall be rectified. The boiler shall be hydrostatically tested to determine the condition of the
wall stays.

Plugging of the firgide of continuously drilled wall stays (i.e. those that extend through from the fireside to
the outside) is allowed usg refractory. The refractory shall not pass beyond the thickness of the plate.

One indication that a threaded wall stay is leaking during service is when the head of it is found to have been
re-driven repeatedly.

Wall stays that have been repeatedly aimed typically indicate a degradation of the wall plate and/or wall stay.
Refer to the Boiler History File (see T Boiler History File) for details of when and why these repairs were
done.

2.4.11Flexible wall stays and sleeves
Flexible wall stay sleevasd caps shall be inspected for:

e corrosion (including the electrolytic corrosion between the cap gasket and cup, and around the
exterior of the stay cups)

cracks

dents or other mechanical damage

leakage

damaged threads or welds

scale and mud accumulaticinside the sleeve that could restrict bolt movement

correct application of welding to welded sleeves and welded caps

seal welding of threaded sleeves or threaded caps.

Notes: An indicator of waterside corrosion on threaded stays is the lack of threadshersection of the stay
body just above the sheet.

Broken stays may be found by leakage through telltale holes, or by twisting the ball head usirlyeantbed
wrench. Access to the ball head is by removing the cap from the sleeve, depending upon dineofiéise stay.
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When a broken stay is found, the stays next to it should be examined closely because these may have become
overstressed by adding the load from the broken stay.

A plugged telltale hole may mean the wall stay is broken and needs repRicigging of telltale holes is not
permitted and shall be rectified. The boiler shall be hydrostatically tested to show the condition of the wall
stays.

Wall stays that have been repeatedly repaired typically mean a degradation of the wall plate anddtaywall
Refer to the boiler history file for details of when and why these repairs were done.

Also see Section 2.4.32 External Surfaces.
2.4.12Girder stay and crown bars

Girder stays are designed to transfer the load and, as such, should be inspected to ensure that the load bearing
is in accordance with the original design (see Appendix F.10).

Girder stays, crown bars, and their fasteners including stays, rivets, pisisekganuts, thimbles, spacers and
the adjacent sections of the firebox plates, shall be inspected for:

e correct fit and alignment of the girder stay or crown bar to the firebox plate surface, including flanged
sections

cracks

mud and scale

corrosion

correct fit and alignment of the thimbles, spacers, and pins to the girder stay or crown bar and the
firebox plates

dents or other mechanical damage

stays or rivets built up by or covered over completely by welding

leakage from the stay heads

seal welding ofivet heads

correct application of retainers to all nuts and fasteners

missing fasteners, including nuts, bolts, cotters, split pins or other retainers.

Notes: An accurate inspection often cannot be done until the girder stay or crown bar has been cleaned,
since mud and scale will make it difficult to detect defects.

When a broken stay is found, the stays next to it should be examined closely because these may have become
overstressed by adding the load from the broken stay.

2.4.13Sling or link stays

Slingor link stays and their associated fasteners including the pins, retainers, washers, nuts and their associated
attachment at eyes, girder stays, or crown stays, shall be inspected for:

corrosion

cracks

dents, wear or other mechanical damage

mud and scale

wear to the pin hole or expansion slot of the sling stay and mating component
correct application of retainers to the pins

missing fasteners, including nuts, bolts, cotters, split pins or other retainers
any of the above that would restrict the sling staysving.

Notes: An accurate inspection often cannot be done until the sling stay has been cleaned since mud and scale
will make it difficult to detect defects.

When a broken or loose stay is found, the stays next to it should be examined closely becessarthy have
become overstressed by adding the load from the defective stay.

Special attention should be given to the row of sling stays next to the flue sheet to ensure that these stays are
not loose.
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2.4.14Crown stays (bolts} flexible and fixed
All crown stays shall be inspected for:

cracks in, or breakage of, the body

dents, wear, or other mechanical damage

wastage of the head

plugging of telltale holes (where fitted in crown stays)

waterside corrosion

stay heads that have been covered over by vejd

correct application of seal welding to stay heads, where applicable
correct application of retainers to the pins, where applicable
missing fasteners, including nuts, bolts, cotters, split pins or other retainers
correct fit and alignment of the stagsembly

corrosion in the cups/caps of flexible stays

Notes: An indicator of waterside corrosion on threaded stays is the lack of threads on the section of the stay
body just above the sheet.

Broken stays may be detected by leakage through telltale hélgseée are drilled). Any bulging in the crown
sheet is an indication that there may be broken crown stays. No boiler with bulging plates shall be operated.
The reason for bulging in a crown sheet shall be absolutely shown and corrected before thassilsamed.

When a broken stay is found, the stays next to it should be examined closely because these may have become
overstressed by adding the load from the broken stay.

A plugged telltale hole may mean the stay is broken and needs replacing. Riltigledholes is not allowed
and shall be rectified. The boiler shall be hydrostatically tested to find the condition of the stays.

Plugging the firside of continuously drilled stays (i.e. those that extend through from the fireside to the
outside) is prmitted using refractory. The refractory shall not pass beyond the thickness of the plate.

Crown stays that have been repeatedly repaired typically show a degradation of the crown sheet and/or crown
stay. Refer to the boiler history file for details ohen and why these repairs were done.

Attend specifically to the row of stays next to the tube sheet to ensure that these stays are not loose or
otherwise defective.

Also see 2.4.32 External Corrosion
2.4.15Diagonal and gusset stays
Diagonal and gussetdwres, and their attachments, shall be inspected for:

looseness

corrosion

cracks

welded repairs

missing pins or pin retainers
defective rivets

scale and mud deposits.

Notes: Diagonal and gusset braces should be under tension.

The brace pins should fit thierace clevis and eye securely and be retained from coming out by some type of
fixed or keyed retainer.

Diagonal braces having lotype ends should be closely inspected for cracks and corrosion. Thetigusp
end is formed by the brace body being splipped around, and forged to the body. Some versions of it have a
low margin of material to give the required strength.

An accurate inspection often cannot be done until all or some of the tubes have been removed and interior
has been cleaned.
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2.4.16Longiudinal and transverse stays
Longitudinal and transverse stays and their attachments shall be inspected for:

looseness

corrosion

cracks

welded repairs

missing pins or pin retainers
defective rivets

scale and mud deposits.

Notes: Longitudinal and transverstays should be under tension.

The brace pins should fit the brace clevis and eye securely and be retained from coming out by some type of
fixed or keyed retainer.

An accurate inspection often cannot be done until all or some of the tubes have been rdrandenterior
has been cleaned.

2.4.17Flue tubes and smoke tubes
All smoke tubes and superheater flue tubes shall be inspected for:

fire cracks (in the area of the tube that projects into the firebox through the tube plate)

pitting

corrosion (of both thetube and the ends in the smoke box)

erosion

obstructions in the tube interior

mud or scale buildup on the waterside

erosion or cracking of the tube ends, flue beads and/or seal welds

leakage

welded joints in the tubes, as far as practical, shouldhezked

correct application, including expanding/rolling and belling, beading, or seal welding of the tube end.

Notes: Erosion (cinder cutting) generally occurs to the firebox end of the flue.

Grooving or cracking may be caused by ceepanding the tubein the tube plates, or through the tube holes
not being deburred.

Galvanic corrosion of the tube in the tube sheets may occur if tubes are installed with copper ferrules.

Specialist nowlestructive testing (NDE) techniques may be used to inspect theheoigthe tubes to find if
there are unseen defects.

2.4.18Superheater elements and header

Superheater elements and the superheater header should be inspected for:

pitting

cracks

erosion (particularly in the return bends at the firebox end)

corrosion

bulges

leakage

missing shields

missing or broken bands or supports on the superheater units

missing, damaged, or welded attachment bolts, nuts, clamps, studs, and washers
adequate structural bracing and support of the superheater header.
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2.4.19Arch tubes

Arch tubes shall be inspected for:

Note:

erosion

corrosion

fire cracks

pitting

cracking of tube ends

overheating and blistering

bulges

mud and scale build up in the waterside

welded repairs

correct application, including expanding/rolling and belling, beadisgabwelding of the tube end.

Each time bricks are removed, and before a new arch is fitted, the arch tubes shall be examined for

evidence of brick weatr.

2.4.20Thermic siphons

Thermic siphons shall be inspected for:

Note:

erosion

corrosion

fire cracks

pitting

cracking of the siphon neck

overheating and blistering

bulges

mud and scale blockage in the waterside
broken or damaged stays

Refer to inspection zones: stays, stayed plates, and flanged plates for extra inspection items.

HHL

staylbolt body

neck

thermic syphon

Figure B3 ThermiSiphons
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2.4.21Firebox refractory

Firebox refractory should be inspected to ensure it is properly applied and maintained to stop undesired flame
affecting the firebox sheets.

2.4.22Dry pipe and other internal main steam pipes
The dry pipe of boilers vilh dome mounted (internal) regulator shall be inspected for:

erosion

corrosion

cracks

adequate structural bracing, support, and attachment to the boiler and dome loose, bent or damaged
rivets, nuts, bolts and studs.

Notes: A steam leak into the dry pipe & dome mounted (internal) throttle valve will send an unregulated
flow of steam to the cylinders.

Only limited inspection can occur with the pipe in place. It may be necessary to remove parts of the assembly
for a better inspection. A full inspection athbe done at any time that the boiler tubes are removed.

2.4.23Regulator valve
The regulator handle and its mechanism shall be inspected for:

e proper operation (which includes ensuring that the regulator shuts off correctly before the handle
hits the st in the cab)

e lost motion or looseness

e adequate structural bracing, support and attachment to the boiler, dome or firebox
loose, bent or damaged nuts, bolts and studs

o the integrity of the support bushing for the regulator spindle/shaft fitted in the irstiesteam piping

¢ the integrity of fastenings such as-tigre, split pins and cotter pins.

Note : The regulator handle shall have some type of mechanical locking mechanism to stop the regulator from
being opened by the steam pressure.

2.4.24Screwtype washat plugs, holes, and caps
Screwtype washout plugs, holes, and sleeves, shall be inspected for:

damaged or cracked threads on the plug, hole, or caps
corrosion

cracks

distortion

looseness

leakage

steam cuts to threads and sealing surfaces

twisting of theplug head or body.

See also Appendix G Washout Plugs.
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2.4.25Handhole/mudhole washout doors
Handhole or mudhole washout doors and their mating surfaces shall be inspected for:

damaged or cracked threads on the door studs

corrosion of door sealing sfiaces and studs

cracks

stretching or bending of the door stud or ha#tble door

looseness

leakage and steam cuts

damage to the dog (or bridge)

damage to the dog (or bridge) seating surface on the sheet

confirm the hanehole door is a proper fit to ensuréhe radial gap between the hole and the boss on

the door is not excessive, otherwise the gasket may extrude and blow out under pressure

e material of the handhole door gaskets should be reviewed to confirm that it meets the pressure and
temperature conditims of the boiler

e correct repairs.

See also Appendix P Handhole Doors and Similar Openings.
2.4.26Attachment studs and bosses
Threaded and welded attachments shall be inspected for:

corrosion, especially at the sheet
cracks

damaged threads

stretching orbending

looseness

leakage

2.4.27Fusible plugs and sleeves
Fusible plugs and sleeves shall be inspected for:

corrosion

scale build up on the waterside

damage

tampering

leakage from the threads

height of the plug above waterside of crown sheet
evidence ofmelting or overheating

proper marking

correct installation

See also Appendix B Fusible Plugs.
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2.4.28Water glass, water column, and gauge cocks

The water glass, water column and gauge cock boiler connections and piping shall be inspected for:

blockages bpassageways (including squashed rubbers, incorrect glass length or distorted packing)
kinks, or sharp or flattened bends, or other restrictions in the piping or any blockage in the drain
piping

sags in the piping horizontal runs

condition of tubular or eflex water glass

correct type and material of piping and fittings

correct location, size and installation of the connections to the sheets

correct installation of the safety shield (if used)

correct installation of the viewing light (if used)

correct installation and operation of the valves

proper installation

proper bracing to prevent vibration

loose, bent or damaged nuts, bolts and studs

damage to any part of the assembly.

2.4.29Steam pressure gauge

The steam pressure gauge, gauge cock (wheralJitteiler connections and piping shall be inspected for:

kinks or sharp, restricted or flattened bends in the piping

correct installation of the shutoff valve and siphon

proper size, type, and material of piping and fittings

proper installation

proper ligtting for viewing

proper bracing to prevent vibration

calibration that is traceable to a NATApproved organisation or equivalent.

See also Appendix J Pressure Gauges.

2.4.30Boiler fittings and piping

The boiler fittings and piping shall be inspected @sAppendices H, N and Q) for:

Note:

cracks

corrosion

pitting

leakage

looseness

loose, bent or damaged nuts, bolts and studs

adequate structural bracing, support, attachment and provision for expansion
proper size, type and material

At the discretion of the boiler inspector, nedestructive or hydrostatic testing may be required on

boiler fittings to confirm their structural integrity as fittings may deteaite under certain conditions.
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2.4.31Boiler expansion brackets

The boilerexpansion brackets, components and fasteners used to secure the boiler to the frame shall be
inspected for:

correct installation and effective lubrication
damaged or missing components

looseness

leakage

loose, bent or damaged rivets, nuts, bolts and studs
defective rivets

freedom to expand and flex

corrosion and build up

Note: See Appendix D Expansion Brackets.
2.4.32External surfaces

Visible external surfaces of the boiler and the cladding over the boiler sheets shall be inspected at each annual
inspectdn for:

e corrosion

e leaks or the signs of leaks

e build up of surface deposits likely to create a corrosion

e cladding condition likely to allow water into the insulation.

Note: Appendix C External Corrosion specifies thequirements foremovinglagging anthe boiler from
the frame to inspect for external corrosion.

2.5 Inspections undertaken by the Competent Person

The following items shal.l be inspected by the owner/ U
2.5.1Fire door

The fire door, the locking mechanisfwhere fitted) and the operating mechanism shall be inspected for:

o safe and suitable operation, including proper closing
e cracked, damaged, or burned parts
e loose, damaged or bent rivets, nuts, bolts, and studs.

Note : Where fitted, the locking mechanism skid be inspected for correct operation to confirm it will not
allow the door to open if the firebox becomes pressurised.

2.5.2Grates and grate operating mechanism
The grates shall be inspected for:

cracked, damaged, burned, or missing segments

The grate @erating mechanism of rocking grates shall be checked for:
uniform operation of all segments

corrosion

worn or cracked linkage

correct fit of the shaker bar on the linkage

missing pins or pin retainers

loose, bent or damaged nuts, bolts and studs.
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2.5.39nokebox
The smokebox shall be inspected for:

erosion

corrosion

leakage

holes

looseness

loose, bent or damaged nuts, bolts and studs
condition of the refractory floor (where fitted)
condition of the spark arrestors (where fitted).

2.5.4Smokebox stearpipes
The smokebox steam pipes shall be inspected for:

erosion

corrosion

pitting

leakage

looseness

loose, bent or damaged nuts, bolts and studs

Note: Pitting from the casting process may be evident on cast thick wall steam pipes, but may not be a defect.
2.5.5Ash pan or fire pan
The ash pan or fire pan shall be inspected for:

corrosion

holes

looseness

loose or damaged rivets, nuts, bolts and studs

secure attachment to the frame or firebox

proper operation of the slides, clean out doors, dumping mecharasimarrestors and dampers
proper sealing of the slides, clean out doors, ash arrestors and dampers.

The flushing mechanism (where fitted) should be inspected for its integrity and security.
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3 Maintenance, repairs and alterations

3.1 Introduction

This section sets out the general requirements that apply to performing maintenance, repairs and alterations
to locomotive boilers.

Work on boilers may arise from planned maintenance activities, repagugired between annual inspections,
or from defects found during the annual inspections.

In all cases it is essential to control the work to ensure that the integrity of the boiler is maintained. The Safety
Management System (SMS) of the owner/user/dpeshall establish the principles and procedural controls

necessary to achieve this. I n particular, the princip
SMS.
The practices and procedures in thosddpramentedauveede

engineering workshops, such as state government rail authorities, when maintaining locomotive boilers during
their service life. In all cases, where repairs are required and no past proven railway practice exists, the
owner/user/operator shall develop a repair proposal supported by the necessary technical expertise and
technical review.

Historically, there are variations between state jurisdictions in the constructional detail used in locomotive
boilers, therefore before anwork is done the original design drawings, specifications and procedures shall be
reviewed as far as practicable. (This is also an essential part of setting out the inspection and test plan.)

The owner/user/operator and inspector should have or obtain aderstanding of the design and construction
of the Boiler.

See section 1.1 Responsibilities overview for the owner/user/operator and inspector for further guidance.
3.2 Construction Standards

In all cases, the original design and construction standaaigddhe referenced to confirm design criteria so

that any proposed repairs and alterations do not compromise the integrity of the design. Where there is no
documented information available (e.g. drawings or specifications) to use, the owner/user/operhtor a

inspector should, together with other competent, experienced and specially trained personnel who can
exercise sound judgement, develop a work scope based on good engineering principals and current standards
to establish document detailing the existings@yn. A degree of interpretation and comparison between the

actual construction and the current standards may be required. This requires the involvement of competent
personnel who have an appropriate blend of current and historical engineering knowledge.

The requirements of AS1228: Pressure Equipment Boilers and AS3788: Pressure eqoipmsativice
inspection, Section 6 shall be followed to ensure that the current standards are complied with if any repairs or
alterations are to take place.

A boiler condructed to a standard other than the Australian Standards shall be maintained and/or altered
according to the standard to which it was built. Inspection and fitfiesservice assessments shall be
conducted in accordance with the original design standards

Where the information on the design standard of the boiler is not practically available, the boiler shall be
maintained or modified to the current Australian Standards.

3.3 Materials of Construction

The materials of construction of locomotive boilersamufactured before 1980 are likely to be quite different
in composition and mechanical properties to modern materials.

Because of this it is essential that, as far as practicable, the material properties of the boiler are determined

before any repairs areonsidered. Failure to take sufficient care in determining the properties, or tests to

establish essential parameters, may lead to unsuccessful and possibly dangerous repairs. This is especially the
case when, for exampl e ingvossideredaga repdir tebhaidud, becansebfehe i al s i S
propensity to have laminations in the plates.
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I f there is insufficient information available to mak
then samples should be taken for analgdisomposition, hardness and grain structure as necessary. If welding

is being considered, it is strongly advised to carry out qualification welds with material removed from the

boiler to prove mechanical suitability of material and welds.

The advice of wigling or metallurgy experts should be sought for more guidance.
3.4 The Inspector and o ther competent personnel

All repairs and alterations that vary from the original construction (e.g. welded repair in place of riveted joint)
shall only be carried out inonsultation with the boiler inspector and any extra competent technical expertise
required to properly scope the work, inspection and test plan (ITP).

When engaging a boiler inspector consideration should be given to his/ her experience on rail loeotypév
boilers.

At the completion of each inspection, the boiler inspector shall complete a written report, as per Appendix S
Boiler History File. The report shall include any recommended maintenance, repairs or alterations that may be
required.

The Inspector may choose to advise on how this work may be completed but the owner/user/operator has

the ultimate responsibility to ensure that integrity of the boiler is maintained. Clearly, this should be done co
operatively with the inspector who, if fanaitiwith locomotive boilers and competent to give advice on the

work, is a valuable resource. If, though, the inspector does not have the competencies to provide guidance on
completing the work, then the owner/user/operator is responsible for finding coemtetngineering

resources to scope and complete the work.

The boiler inspector or other competent engineering person shall detail all hold points for tests or inspection
during the work in the repair/alteration scope and test plan. This shall includtdlgreparations and weld
procedures before welding begins.

The authority and powers of the inspector may vary between jurisdictions and it is important for both parties
to understand the specific requirements in each case.

3.5 Repair Techniques

As with materials of construction, the maintenance, repair or alteration work technique should be in
accordance with the original construction and repair practices and procedures, unless an appropriate
assessment of any alternative technique(s) finds that it caduge a result that maintains the integrity of the
boiler.

There are many opportunities to use modern techniques such as welding to complete work on boilers. It is
imperative that an appropriate amount of research is done on the construction, materidlgeaign principles
of the original boiler to prove the alternative technique will produce an outcome of equal or better quality.

The Inspector may choose to advise on using this alternative technique but the owner/user/operator has the
ultimate responsility to ensure that integrity of the boiler is maintained. Clearly, this should be done co
operatively with the inspector who, if familiar with locomotive boilers and competent to give advice on the
work, is a valuable resource. If, though, the inspedoes not have the competencies to provide guidance on
completing the work, then the owner/user/operator is responsible for finding competent engineering
resources to complete the work.

The authority and powers of the inspector may vary between jurisdictiand it is important for both parties
to understand the specific requirements in each case.

3.6 Repair Management

Before performing any repairs or alterations to boilers, a competent person shall prepare a detailed scope of
work and an ITP. This shoultk reviewed by a competent person before implementing.

Where welding is required, the documentation shall include all weld procedures, welder qualification reports
and traceability of all work by each welder as per AS3992. This shall include any spqaifiements on
welder qualifications required by each state authority.
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3.7 Records

All reports and any other correspondence relevant to the work shall be included in the boiler history file. A
full traceable history of all documentation, tests, reportsl @orrespondence on the work shall be maintained.

If various personnel are used to set out and manage the work, then a record of their role and competencies
shall be kept.

3.8 General Requirements
3.8.1 Welding activities

Before performing any welding agties, consideration shall be given to ensure the weldability of locomotive
boiler materials. This should include a determination of any laminations or other inclusions that will prevent a
satisfactory weld. These plate defects may be detected throughitheof NDE.

A portion of the material cut out for the repair shall be used as a test plate to weld old to new, to prove the
developed weld procedure and the compatibility of the plates. Mechanical testing shall also be carried out and
the certificates deeloped from these shall be added to the boiler history files.

Special regulatory approval may be required before starting welding on locomotive boilers.
3.8.2 Materials

The older steels used in riveted construction were frequently immed steels, higharbon, sulphur,
phosphorus and hydrogen. The older steels were not melted to a fine grain practice and will typically have
poor toughness properties.

If welding is to be used to repair a presstngaining item that was manufactured using riveted consioag

the repair organisation should do a chemical composition analysis on the steel plate base metal and rivet
material to determine weldability. Specific quantities of carbon, manganese, sulphur, phosphorus and aluminum
shall be identified and includadthe analysis. The result of the analysis shall be acceptable to all parties before
work starts.

3.8.3 Material list for steam locomotive boilers

This list is intended as a basic guideline only, and covers basic carbon steel and some alloy steel material
specifications. Other alloy materials may be available for these applications if necessary.

AS1548 7460 steel is recommended for firebox and other boiler repairs. It is a fine grain steel that accepts
flanging and bending with less tendency to crack duarse grain steels. Coarse grain steels have, on
occasion, been found to crack or split after complicated flanging, bending, and forming.

Structural steel to AS/NZ3678 or 3679. Structural steel shall not be used to any pressiaiaing part such
as shdls, stays cups, or caps.

When rivets are made from SA75, the finished rivets must meet the physical requirements of the original
rivet specification or S81 Grade A or B.

3.8.4 Formulae and calculations for steam locomotive boilers

Most steamlocomotive boilers were manufactured in the first half of thé"2@ntury or before. The
calculations, formula, and shop practices used are now distant history and quite difficult to obtain. The rules
for riveted construction were last published by Audtem Standards in CB1, 1957 Edition.

This Code of Practice is based in part on the AS €B57, which was the last published edition of the Steam
Locomotive Boiler Standard. The railway industry has attempted to collect the old formula and some shop
practices.

3.9 Repairs
3.9.1 Repair of stay holes

Stay holes may be repaired by welding, reaming, dapging to a larger size or by installing a flush patch. The
minimum increments of diameter shall be used to form a new thread where the thread needs ragiorki

If the stay hole was threaded and is to be repaired by welding, the threads shall be removed before welding.
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3.9.2 Threaded stays

All threaded stays shall ensure that thread pitch is as per original design unless a design change is proposed and
agreedto. Typical stay pitch is 11 and 12 TPI for steel boxes and 10 TPI for copper fireboxes.

Stay threads shalll have a good close fit in plates. C

All stays shall have telltale holes in accordance with AS12#8eoregistered design or construction
standards.

Ball socketype flexible stays may have telltale holes that extend from the threaded end of the bolt into the
bolt head, according to original design practice.

Telltale holes shall be reopened after coetpig fitting.
Stay design shall be sized in accordance with AS1228 or the registered design or construction standard.
Threads on the stay and through the two plates shall be cut to maintain continuity of the thread pitch.

When driving stay heads afterrsaving in, the stay shall be braced to prevent damage to the threads during
the work. For example, hammers at each end or double gunning using a pneumatic hammer at each end.

The ball end of the flexible stay shall not be braced by inserting packing tiredeap when driving the head.

A specially designed fitting cap may be used for driving the head. This cap must be replaced by the proper
fitted cap directly after the driving down is completed. The driving down cap shall be visually different to the
normd caps to distinguish it.

Installation of different diameter stays shall be considered a repair.

Figure 2 TypicallhreadedVall Stay (noinstallep

3.9.3 Ball socketype flexible stays, cups, and caps
Note : All cups should be considered to contain boiler pressure.

Welded flexible stay cups shall be applied as showvtihdrbelow figure Cup axis shall be in alignment with the
stay centreline through holes in wrapper and firebox plates.

Welded cups and weldkcaps that leak at the welds or the cup shall be repaired.

Wasted caps and cups shall not be repaired by weld buildup. If cups and caps are wasted to more than 60 per
cent of their original dimension, they shall be replaced.

Welded cups that have damagedp threads shall be reconditioned using the correct tap. If at least 60 per
cent of the thread form cannot be recovered the cup must be replaced.
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Cup bodies that are cracked shall be replaced.
Stay caps that leak shall not be seal welded.

Ballsockettype flexible stays may have telltale holes that extend from the threaded end of the bolt into the
bolt head, according to original design practice.Substitution of one type of flexible stay cup by another type
shall be considered a design change sirall be approved.

Where individual stays are replaced, care should be taken to ensure that the stress load of the new stay is
compatible to the loading on adjacent bolts.

The ball end of the flexible stay shall not be braced by inserting packing uredeaphwhen driving the head.

A specially designed fitting cap may be used for driving the head. This cap must be replaced by the proper
fitted cap directly after the driving down is completed. The driving down cap shall be visually different to the
normalcaps to distinguish it.

The individual design of the boiler may specify that the flexible stay be screwed down hard onto the base of
the cup or set back a specified distance. The particular requirement must be confirmed before installation.

3.9.4 Sealvelded stays

Replacement threaded stays may be seal welded in line with AS1228 or the registered design or construction
standard. Seal welding shall only be carried out after hydrostatic testing.

Existing threaded stays that leak along the thread may paired by seal welding. Seal welding shall only be
performed after it has been proved that the leakage is not due to wasted plate, wasted stay or cracks in the
stay. This is typically indicated when repeated leaks are found in a particular locationh&tagpeatedly leak
shall be removed and the cause of the leak determined before a full repair.

3.9.5 Welded installation of stays

The installation of unthreaded stays using welds is permitted as per AS1228 or the registered design or
construction standal.

All stays shall have telltale holes in accordance with AS1228 or the registered design or construction standard.

Ball socketype flexible staypolts may have telltale holes that extend from the welded end of the bolt into the
bolt head, as per origal design.

Where individual stays are replaced, care should be taken to ensure that the stress load of the new stay is
compatible to the loading on adjacent bolts.

The individual design of the boiler may specify that the flexible stay be screwed doworitarthe base of
the cup or set back a specified distance. The particular requirement must be confirmed before installation.

Installation of different diameter stays shall only be done in line with AS1228 or registered design or
construction standard.

3.9.6 Construction material for wall stays

Steel fire boxes may be fitted with steel and/or monel wall stays while copper fire boxes are fitted with copper
and/or monel wall stays. Copper wall stays shall not be fitted into a steel fire box. Steel udird fwx stays

shall be as per AS1228 OR REGISTERED DESIGN OR CONSTRUCTION STANDARDS, to ensure it is mild
in character with maximum ductility, free from work hardening, and that it exhibits good riveting qualities. In
addition, the material should not emitile when subjected to service conditions.

The steel shall conform to the required mechanical properties as well as possess the correct chemical
properties.

Carbon, not more than 0.20% (per cent carbshall not be exceeded)
Manganese, not less tha®0%

Sulphur, not more than 0.05%

Phosphorus, not more than 0.05%

Elongation, not less than 25%

Ultimate tensile strength, 400 MPa 460 MPa
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e Yield strength, 50% of the tensile strength

Modern materials are not generally designed for riveting processes ésukhocking down stay heads) and
therefore it is imperative that the proposed material is mechanically and chemically tested for fithess for
purpose.

Copper round bar for use as stay material in boilers shall be chemically and mechanically testedddteatsu

the properties are within the design specifications of the boiler, with a typical elongation of 40 per cent. If in
doubt about the original copper specification for the boiler, have an original stay analysed by a metallurgist to
get a comparable, adern grade. Refer to AS CB1 for more information on material properties of copper for
wall stays.

Monel metal is a nickel copper alloy widely employed for water space stays in both copper and steel fireboxes.
A metallurgist shall be consulted to ensuhat a suitable grade of monel is sourced for the particular
application required.

3.9.7 Diagonal braces, gusset braces, and throat gliebesheet braces
Loose or damaged braces shall be repaired or replaced.

Only braces fabricated from steel may bepaired by welding. All such welds shall be full penetration.
Wrought iron braces shall not be repaired by welding. When repairs of alterations are completed, the
tightness and condition of the braces and their stays, rivets, clevises, eyes, and ples &trdfied.
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Figure 3 Gusset Brace
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Figure 3l Diagonal Brace
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Figure & Tubesheet Brace

3.9.8 Steantight threaded studs
Steamtight studs shall be fitted to any attachment to the boiler where the pressure part has been penetrated.

Steamtight studs are those that penetrate any pressure part of the boiler into the steam space and are
therefore subjected to boiler pressure.

They are machined 0.125 mm (0.00506) |l arger than the
They are fitted using a stud driver (stud box).

They may be fitted using a minimal amount of a gragtdtged sealing thread paste.

Seal welding shall nbe permitted.

Steel used for studs shall be as per AS1228 OR REGISTERED DESIGN OR CONSTRUCTION STANDARDS,
to ensure it is mild in character with maximum ductility, free from work hardening, and that it exhibits good
riveting qualities. In addition, theaterial should not embrittle when subjected to service conditions.
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The steel shall conform to the required mechanical properties as well as possess the correct chemical
properties.

Carbon, not more than 0.20% (per cent carbshall not be exceeded)
Mangaese, not less than 0.40%

Sulphur, not more than 0.05%

Phosphorus, not more than 0.05%

Elongation, not less than 25%

Ultimate tensile strength, 400 MPa 460 MPa

Yield strength, 50% of the tensile strength.

Material test certificates shall be supplie@n@nercial, ofthe-shelf studs shall not be used for this purpose, as
the material is not suitable for this application.

Figure % Stud Driver

3.9.9 Patch screws

Patch screws are fitted in lieu of rivets in places where access is restricted. &emeginal design (for
example, corners of fireboxes on foundation bars) and some are used in repairs where the other side of the
rivet cannot be accessed for holding up (for example, inner firebox seams).

Steel used for patch screws shall be as per 81QR REGISTERED DESIGN OR CONSTRUCTION
STANDARDS, to ensure it is mild in character with maximum ductility, free from work hardening, and that it
exhibits good riveting qualities. In addition, the material should not embrittle when subjected to service
conditions.

The steel shall conform to the required mechanical properties as well as possess the correct chemical
properties.

Carbon, not more than 0.20% (per cent carbshall not be exceeded)
Manganese, not less than 0.40%

Sulphur, not more than 0.05%

Prosphorus, not more than 0.05%

Elongation, not less than 25%

Ultimate tensile strength, 400 MPa 460 MPa

Yield strength, 50% of the tensile strength

Modern materials are not generally designed for riveting processes (such as knocking down heads) and
therefore it is imperative that the proposed material is mechanically and chemically tested for fitness for
purpose.

Material test certificates shall be supplied and a copy shall be retained in the boiler history file.
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Figure & Patch Screws

3.9.10 Smoke tubes, flues, arch tub@s;ulators, thermic siphons smoke tube, flue and tube re
ending

Refer to AS3788 for repairs and alterations. Also refer to (to be included in final draft) All requirements of
developing a scope, setting an inspection planramigw by competent personnel apply.

Each boiler tube or flue that is rended by welding is limited to not more than two circumferential welded
joints. These welds shall be carried out in line with an approved weld procedure and be subjected to 100 per
cent radiography. Such work is a charigat shall be reviewed and approved.

Reending is only permitted when the thickness of the tube or flue to beneled is not less than 90 per cent
of that required by the original design.

Reend pieces shall be new material that is proven to be comfatilith the original tube material and meet
the thickness requirementss of the design standard. This material shall have the appropriate test certificates.

3.9.11 Arch tubes

Arch tubes that are damaged or reduced to less than minimum required wall theslstall be replaced totally
by new onepiece arch tubes. Welded repairs or partial replacement is not allowed. Damage includes defects
such as bulging, burns, and cracks.

Common practice in Australian railways when expanding arch tubes is that the tagerejects through the
firebox sheet not less than 6 mm (1/4 in) and not more than 19 mm (3/4 in) before flaring. After the tube is
expanded, it is flared at least 3 mm (1/8 in) greater than the diameter of the tube hole.

An arch tube installed by weldirstnall be considered a welded nozzle and shall comply with AS1228 3.14.2.2,
or the registered design and construction standard.

A change in tube attachment from expanded to welded, or from welded to expanded shall be considered an
alteration and must bepproved.

3.9.12Tube wall thickness for arch tubes
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The minimum wall thickness of arch tubes shall comply with AS1228, or registered design and construction
standards.

3.9.13 Thermic siphons

Refer to AS3788 for repairs and alterations. All requirementd@feloping a scope, setting an inspection plan
and review by competent personnel apply.

For repairs to siphon knuckles sé®pendix E

All weld repairs to the unstayed sections of the siphon neck and body shall be radiographically examined. See
Appendix E

3.9.14 Repairs and alterations to boiler barrel unstayed areas

Refer to AS3788 for repairs and alterations. Also refer to (to be included in final draft) All requirements of
developing a scope, setting an inspection plan and review by competent perapphel

The preferred methods of repairing wastage are with an inserted welded patch or a riveted patch. Weld
buildup may also be allowed under certain circumstances and with the approval of the competent person.

Weld build up may be used at the discretiof the competent person after a full review to show the extent of
the repair necessary. Pad welding shall not be applied to plates wasted below the minimum allowable thickness,
and under no circumstances shall pad welding run over stay heads or riwis.hea

Prior to repairing cracks, the plate shall be examined for defects. Affected sections shall be repaired or
replaced, according to the defect. If the cracked section of plate is to be kept and repaired by installation of a
riveted patch, the crack sHdde ground out and repaired by full penetration welding and then a doubling patch
riveted over it. Results of crack removal and repair shall be verified by NDE and/or NDE.

If the cracked section of plate is to be kept and repaired by welding alone, #ok shall be ground out and
repaired with fullpenetration welding, followed by NDE to prove satisfactory weld result and ductility for
ongoing service.

When welded repairs are to be effected at or near riveted seams, the rivets adjacent to the repabesha
removed before the repair and shall be replaced once the repair has been completed. Reusing rivets and stays
is prohibited.

All welded repairs to boiler barrel unstayed areas shall be radiographically examined in accordance with
AS4037.

3.10 Repairs and Alterations to Boiler Barrel Stayed Area
3.10.1 Firebox sheet repair

Cracks in all stayed firebox plates may be repaired by installation of an inserted patch or by grinding out and
welding. A riveted patch shall not be used for this type of repair.

If the crack extends into a stay or rivet hole, the stay or rivet shall be removed prior to making the repair.
Rivets adjacent to the repair shall be removed and replaced after the repair is complete.

Fire cracks or thermal fatigue cracks in riveted seams located in the firebox that run from the edge of the plate
into the rivet holes may be left in place provided they do not leak and there is no identification that the seam
or rivets are loose. The congient person must be advised, and the inspection plan must be updated to

include this item as an ongoing inspection item, to ensure that the crack does not propagate further.

3.10.2 Firebox patches

Existing railway practice is that patches may be anyestpapvided they have rounded corners of a minimum
of 50 mm radius and are adequately supported by stays, rivets, tubes or any other form of construction.
Patches on stayed surfaces should be designed so weld seams pass between stay rows.

Patches are to &the inserted type using full penetration welds. Appropriate{g@structive examination is
required such as ultrasonics, mag particle, dye penetrant and radiography.
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If the patch includes an existing riveted seam, the patch shall be riveted at thatGeamnging a riveted seam
to a welded seam is an alteration and shall be approved.

Inserted patches shall fit flush on the water side of the plate. If the original thickness plate cannot be obtained,
a thicker plate may be used, and the fire side of tregpkhall be tapered 1 in 4. Consideration may be given
to machining a thicker plate to the correct thickness.

Stays and rivets should be installed after welding of the patch is completed. Reusing stays and rivets is
prohibited.

Weld seams parallel to ankickle shall be located in accordance with AS1228, Figure 3.10.1.2(C) (in part)
Attachment of Flanged End Plates to Shell, or registered design or construction standard. Weld seams shall not
be located in the knuckle.

Patches shall be made from a matettiat is compatible with the existing material, and fulfills the requirements
of the original design.

NOTE: Welding, regardless of material, shall be carried out in a manner to manage contraction caused by
constrained welds, such as this. All welding dptions shall include the sequence and NDE requirements,
and shall be designed by a person competent to carry out such a task.

3.10.3 Repair of stayed firebox plates grooved or wasted at the foundation ring/bar

Firebox plates that are grooved or wastéal less than the minimum allowable plate thickness shall be
replaced.

Grooving or wastage may be pad welded, provided the plate has not wasted to less than the minimum
allowable plate thickness, and provided the strength of the structure will not be iethdf extensive welding
is required, the affected area shall be removed and replaced with an inserted patch.

Inserted patches shall be arranged to include the foundation ring rivets and at least the first row of stays above
the foundation ring. The corrre of the patch shall have a minimum radii of 50 mm.

3.10.4 Foundation ring repairs

Pitted and wasted sections of foundation rings may be built up by welding provided the strength of the
foundation ring will not be impaired. Where extensive weld buildsipmployed, the inspector may need an
appropriate method of NDE for the repair.

Cracked or broken foundation rings may be repaired by grinding out the fault aRpkfuditration welding
conforming to AS 1228. Firebox sheets on both sides of the defedtlsbaemoved to provide access for
inspection and welding.

3.10.5 Repair of firebox and tubesheet knuckles

The knuckle areas are highly stressed, and under no circumstances shall a doubling plate be inserted in this
area. The only repairs that shall barded out in these areas are by the insertion of a flush, fwetded patch.

Welds to repair cracking within the points of tangency of a knuckle are permitted. All welds shall be
radiographically examined.

Any patches fitted shall be formed to properage and curvature.

Section of knuckles that are wasted below the minimum allowable thickness shall be replaced or have an
inserted patch fitted.

3.10.6 Tubeplate repairs
Cracked tubeplate ligaments may be repaired by grinding out and welding usireéifbtion welds.
Damaged tubeplate holes may be repaired by welding.

Sections of tubeplates damaged or wasted to less than the minimum required thickness shall be repaired by
installing an inserted patch using full penetration welds. Before repairirsideoation should be given, in
consultation with the competent person, whether it would be beneficial to replace the entire tubeplate, or a
single, larger section.
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Sections of tubeplates that have not wasted below the minimum allowable thickness mai/\belged to
recover the corrosion allowance. When applying pad welding to the seams, care should be taken to ensure
that the areas around the seams and the rivets are not affected by heat from the welding. These repairs
require review and approval by th@mpetent person.

3.11 Seams and Joints
3.11.1 Caulking riveted seams and rivet heads

Caulking refers to the sealing of plate seams and rivet heads by driving the edge of one surface onto the other
by use of an impact tool.

This is a subtle activity that requires experience, finesse and a sense of feel for the material. It is an activity that
should only be carried out by suitably trained and competent persons.

Caulking can be done using hand tools or by mechanical meampéaiated tools). The tools are extremely
specialised and are made to suit this job.

Caulking is divided into two main processes:

o fullering, where the entire thickness of the exposed edges of the joint is compressed with a tool
operated by hand or machen

e split caulking, which uses a tool that has a face that is thinner than the plate being caulked and leaves a
groove on the face of the caulked edge.

Under no circumstances is caulking to be done with pressure in the boiler. Caulking shall never &e @ppli
longitudinal lap seam on a cylindrical barrel or round fireboxes fitted to earlier locomstide boilers.

If these skills are not available within the organisation, advice should be sought from a person competent in
these skills, who might suggt that a light seal weld is appropriate. This weld is subject to review and approval.

3.12 Threaded openings in vessel walls, bushings and welded nozzles (washout plug
holes and other connections)

Threaded openings in vessel walls with damaged threfaal§ be repaired by reapping. If this fails to recover
the thread, the hole shall be reamed with a suitable reamer, and the hdkgpped to give a minimum of four
full threads of engagement in the plate. Threads shall be removed prior to any wedgiaig. r

If the thread cannot be recovered as in a), consideration should be given implementing an appropriate weld
repair.

Threaded bushings and nozzles (where fitted) that are found to be defective, shall be replaced. Seal welding is
not permitted.
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Appendix A : Steam Locomotive Boiler
Anatomy

Al General

This appendix provides basic information about the major components, construction and some of the fittings
of a locomotive boiler. It is not intended to facilitate design. This appendix does not seek to demonstrate all
combinations and possibilities, buerly discusses a few of the most common features. The
owner/user/operator is responsible for understanding the details and requirements of the particular boiler that
they are operating. Terms are often derived from both British and American practice angt tarms differ

across different jurisdictions.

CHIMMNEY

SMIOKE Bﬂhi
SUPER HEATER
ELEMENT

BACK HEAD
/_

j FIRE HOLE

FIRE HOLE
i RING
BLAST PIPE _/ J

FRONT SMDKE BOILER BARREL
TUBE PLATE TUBES [STRAKES]

FIRE BOX [

TUBE PLATE BRICK ! FOUNDATION

ARCH TUBE GRATE RING

Figure Al: Boiler Anatomy

A2 Introduction

Most locomotive boilers are of the Stephenson form. In its normal form, the locomotive boiler is a multi
tubular horizontal vessel, containing a firebox at @mel (surrounded by narrow water spaces) and a
cylindrical barrel extending horizontally to the smoke box.

Fireboxes have many flat surfaces that are joined together by either lapped rivet seams or by butt welding.
These flat surfaces are fitted with stays to maintain their shape (i.e. to prevent bulging caused by the internal
pressure of the boiler).

The barel contains horizontal tubes through which hot gases pass from the firebox to the smoke box, giving
up heat to the water within the boiler.

The steam boiler is a closed vessel employed for the generation of steam under approximately uniform
pressure condions; steam is generated to supply energy to a power unit.

The locomotive boiler is designed and built in such a manner that it is fully capable of withstanding the desired
working steam pressure while under the influence of rapidly changing temperanecesased or decreased
demand for steam in conjunction with moderate or heavy firing, and general disturbances associated with the
passage of the locomotive over the permanent way.

The boiler, as a whole, is fixed onto the engine frame at the smokeelmalx and rests on expansion brackets
at the firebox end, where the unit is left free to move as it expands or contracts under the influence of
temperature changes, which reduces stresses and consequent cracking of the boiler.
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Figure ABoiler Details

Figure ABirebox Section

A3 Locomotive Boilers Joint Methods
There are three types of joint methods,

e Riveted Boilers: A riveted boiler is one in which all joints are held together by riveting.
e Welded Boilers: A welded boiler is one in which jalints are welded.

Composite Boilers: A composite boiler is one in which some joints are welded and some joints are riveted.

A4 Boiler Types

Boilers may be divided into two types, those with routap fireboxes and those with Belpaire fireboxes. Both
mayagain be classified as those with narrow or wide fireboxes. Narrow fireboxes are generally fitted between
the frames, whilst wide fireboxes are carried over the frame.
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