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1 Introduction

Industrial chimneys are important items of plant whose continued operation is often
critical to production. Owners, operators and users of industrial chimneys have
duties to protect the health and safety of their employees and others affected by the
operation of the chimney. Part of those duties is the responsibility to ensure that the
chimney is properly maintained and remains in a safe condition.

Industrial chimneys are subject to deterioration due to high temperature and chemical
attack as well as the effects of the weather. In order that industrial chimneys remain
safe and fit for continued service, they need to be inspected and maintained at
regular intervals.

Damage or deterioration to industrial chimneys may not be readily apparent, partly
because access to the damaged areas may be difficult, and partly because the
damage may not be visible until it becomes serious. Neglect of maintenance can
lead to the need for expensive emergency repairs and may even result in structural
failure.

The consequences of a neglected chimney becoming unsafe or even collapsing may
greatly exceed the cost of the chimney repair or replacement. Consequential
damage to surrounding buildings or plant, loss of production, or even injury and loss
of human life may result from material falling from the chimney, or structural failure of
the chimney.

This Guidance Note is intended for those who are responsible for the operation and
maintenance of industrial chimneys. It provides an introduction to the problems
normally associated with industrial chimneys, and outlines the reasons for the
problems. It describes the range of repair solutions that are available and the
specialist help that is required to establish and follow a safe and cost-effective asset
maintenance plan.

This Guidance Note covers the chimney structure including the windshield and flue
plus normal chimney ancillary items. This Note does not cover the inspection and
maintenance of electrical or mechanical items such as gas sampling equipment or
powered hoists or elevators. The maintenance of such equipment should be carried
out in accordance with recommendations by the manufacturer and supplier.

This document has no legal standing in any country. However by following the
principles laid down here a chimney owner or operator will be able to demonstrate
that he has taken appropriate steps to maintain his chimney in a state that is
structurally sound and does not present a danger to personnel or plant on the site.

ok - -
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Photo 1: Damage at the top of a brick chimney
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2 Commissioning a chimney maintenance programme

2.1 The maintenance programme

Inspection of industrial chimneys may be carried out either as part of a planned
maintenance strategy or in response to an obvious problem. Planned maintenance
allows for inspections to be carried out during plant shut-downs in association with
other maintenance work; minor maintenance can be carried out at the same time and
more extensive repairs scheduled for a future outage. An inspection precipitated by
an unforeseen problem may require an unscheduled plant closure, with associated
costs due to loss of production.

2.2 Specialist advice

Specialist skills and equipment, as well as knowledge and experience are necessary
to gain access and carry out industrial chimney inspections. This work must always
be entrusted to chimney contractors with the appropriate training and qualifications
for the work. Chimney contractors are qualified to work at height and are competent
to use the most modern safety measures.

Industrial chimneys are complicated, wind-sensitive structures. The problems
experienced are in many cases specific to industrial chimneys. A qualified civil or
structural engineer who has experience in the design and maintenance of industrial
chimneys should always carry out the engineering work associated with inspections
and repairs. The engineer will need to specify the inspection and testing
requirements, interpret and report on the contractor’s inspection, and determine and
specify any repairs and the programme of future inspections.

2.3 The chimney inspection specification

The engineer will produce an inspection specification that is specific to a particular
chimney. The engineer will take information from a general arrangement drawing of
the chimney if one is available or from photographs or a site visit. He will include in
the specification the inspection of all items that are accessible at the time of the
inspection, which will depend on whether the chimney is in service. He will also take
account of his own experience of chimney deterioration and will direct the contractor
to inspect and take measurements of those components which may be expected to
deteriorate.

The client will use the engineer’s inspection specification for obtaining prices for the
chimney inspection. A comprehensive specification for the inspection will aid
chimney contractors to price the works accurately.

The contents of the chimney health and safety file should be made available to
contractors tendering for work on a chimney.

2.4 Access

Most modern single flue chimneys have a permanent external access system with a
fall arrest or an external provision for installing ladder fixings at regular intervals up
the chimney for use by chimney contractors. The CICIND minimum recommendation
is for ladder hook bosses at intervals over the full height of the chimney. Multi-flue
chimneys normally have permanent access to the top of the chimney by means of an
internal ladder. In some larger chimneys an elevator is also installed to give access
to the gas sampling level or the top of the chimney.

In some countries it is common to provide permanent external access to chimneys
for maintenance of aircraft warning lights and flue gas sampling. In other countries
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such provision is not wanted by clients because of the statutory requirement for
frequent inspections of permanent access provisions. Some steel chimneys have a
‘painter’s rail’ at the top of the chimney, from which a cradle or other access system
can be suspended.

Work at height is dangerous and must be entrusted to a chimney contractor. In some
cases, such as routine chimney inspections, the chimney contractor will install an
access system suitable only for his own personnel. Where major repairs are carried
out, a powered cradle will be suspended from temporary head works at the top of the
chimney. Cradle access must be suitable for engineers and others.

The chimney contractor must check the safety of the structure before providing
access. This may require the removal of cladding or other material in order to check
the condition of structural components. If there is any doubt regarding the structural
stability of the chimney, an engineer’s assessment is hecessary.

2.5 Extent of inspection

A video recording or commentary should include the outside face of the windshield,
including any paint treatment. It should highlight any defects in the surface.

The survey should include the inside surface of the windshield of a multi-flue chimney
where access is available and the temperature within the airspace is not excessive.
The survey should also include the outside face of the flues and the condition of any
expansion joints or seals. If access is available above the roof of the windshield, the
condition of the outside of the flues above roof level should be recorded, including
fixings to any cladding.

The inspection should preferably be carried out whilst the chimney is out of service.
This will allow inspection of the inside of the flue or flues. If this is not possible, a
remote internal inspection by means of a ‘hot camera’ may be advisable.

The survey should include a visual record and a commentary on the condition of
ancillary items. These shall include aircraft warning and lightning protection systems,
the chimney cap or the exposed outside face of the liner, hand and foot irons or
ladder fixings, ladders and platforms, and ducts entering the chimney including
expansion joints.

Photo 2: Failure of a steel chimney due to corrosio n
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2.6 The chimney contractor’s report

A competent factual report by a qualified chimney contractor with experience in the
construction and performance of industrial chimneys is essential to the successful
asset management of industrial chimneys.

The chimney inspector should make a video record of the survey. During the survey
the location of any specific areas may be cross-referenced to the commentary by
indicating on the surface of the windshield or flue with a water-soluble marker.

The video commentary should be factual in terms of the evidence and the obvious
causes of any defects, but should not pre-judge the engineer’s report in respect of
the type or extent of repair work required. The engineer may need to carry out
calculations to determine whether the deterioration that has occurred is sufficient to
warrant repair.

The video recording and commentary should indicate the general quality of the
chimney or flue surface. It should also highlight defects in the surface. The survey
should include a visual record and a commentary on the condition of ancillary items
such as aircraft warning and lightning protection systems, and permanent access
provisions such as foot irons or ladder fixings.

A written report should be made of any information that is not adequately conveyed
by the video record or the commentary.

The extent of any damage shall be quantified to enable pricing by contractors.

2.7 The engineer’s report

The engineer’'s report provides the benefit of a qualified engineer’s training and
experience in assessing the condition of the chimney recorded by the video survey.
The engineer may need to carry out calculations to supplement the video evidence or
to determine the cause of faults recorded in the chimney contractor’s report.
Calculations may include a structural check of the chimney, particularly an old steel
chimney, or a draught analysis to determine areas of positive flue gas pressure.

An engineer’s report is essential to the successful asset management of an industrial
chimney. Engineer’s reports on the condition of a chimney should be kept in a file on
the chimney. The chimney maintenance file should be kept together with the health
and safety file for the chimney.

2.8 The chimney file

Those responsible for the operation or maintenance of industrial chimneys should
keep a file on each chimney. Most chimney builders supply at least a general
arrangement drawing of a chimney to a customer, and a copy of each drawing should
be kept in the file. All inspection specifications, chimney contractors’ reports and
engineer’s reports should be kept in the chimney file. The file should also contain a
record of repair work carried out with dates.

Any documents or drawings that are available in electronic form should also be kept
on a disk or CD in the file.

3 Investigation methods

3.1 Chimney inspection

Chimney inspections must be carried out by qualified chimney contractors. (In many
English speaking countries chimney contractors are known as steeplejacks.)
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A range of investigation techniques is available. Some of the more common
techniques are described briefly below.

3.2 Visual examination

The primary method of chimney investigation is a thorough visual inspection by a
competent and experienced person. The visual inspection will reveal evidence for
the majority of problems in a chimney.

A photographic record is normally made of a chimney inspection. The record is
increasingly in the form of a video recording either on tape or CD, but the record may
be still photographs. The advantage of a video recording is that the chimney
inspector can add a commentary to the record in order to amplify details that may be
unclear in the pictures.

3.3 Physical examination

The visual examination is supplemented by a physical examination. This comprises
the use of reasonable force to ensure that chimney components are secure and
intact.

One particular physical examination that should be used for concrete chimney
windshields is hammer-testing. The surface of the windshield should be struck with a
light hammer to determine whether the concrete is sound. A light ringing will show
sound concrete. A dull thud will indicate an area of spalling or delamination of the
concrete surface.

3.4 Concrete cores

Cores may be drilled from a concrete windshield to allow visual inspection of the
guality and condition of the concrete and reinforcement, and for subsequent testing.
Tests on concrete cores may include chemical tests and strength tests.

3.5 Ultrasonic thickness measurements

Ultrasonic thickness measuring devices are used to measure the thickness of the
steel plate in a chimney windshield or flue. The measuring device is a small, hand-
held unit; the plate thickness is measured by holding a small probe against the plate.
This method of thickness measurement requires access to only one side of the plate.

3.6 Testing of connecting joint bolts

Sample bolts are taken from the connecting joints of steel chimneys and tested for
fatigue damage.

3.7 Other investigation methods

Other investigation technigues are available for particular cases. These include ‘hot
cameras’ which can be lowered into an operating chimney flue, thermographic
photographs which show the variation of surface temperatures on the outside of a
chimney and ultrasound measurements to determine the integrity of concrete or brick
structures.
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4 Maintenance and repair methods

Normal maintenance and repair methods are described briefly below. Chimney
repairs should be specified and designed by a qualified engineer and carried out by
an experienced chimney contractor.

4.1 Steel repairs

The repairs of steel chimney windshields or flues that are necessary as a result of
corrosion damage or that may affect the structural performance of the chimney
should be designed by a qualified engineer who has experience in the design of
industrial chimneys.

Non-structural repairs to steel flues, such as the replacement of a lost corrosion
allowance, can be achieved by over-plating the affected area.

4.2 Concrete repairs

Many repairs to the outside of a concrete windshield employ similar techniques and
repair materials to those used on other reinforced concrete structures. Some
chimney repair techniques are specialist in nature, and specific to industrial
chimneys.

Patch repairs are normally made using a proprietary polymer-modified cementitious
repair mortar system.

Cracks in concrete windshields are sometimes repaired by means of a flexible
sealant. Other repair techniques employ resin injection.

Occasionally a structural repair to a concrete windshield is necessary. This may
involve the addition of a concrete or steel casing around the outside of the existing
chimney windshield. The design of any structural repair should be carried out by a
gualified engineer.

4.3 Brickwork repairs

Most routine brickwork repairs involve re-pointing brickwork and sealing cracks.

Occasionally it is necessary to rebuild the top of a brick chimney or section of brick
flue. In some cases a whole section of brick flue may have to be rebuilt.

Brick chimneys and brick chimney liners incorporate metal components such as
bands, lintels, caps and connections. These components are often subject to harsh
operating conditions and periodic replacement may be required.

sk |
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Photo 3: Inadequate connecting joint design
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4.4 Renewal of paint systems

Steel chimneys are normally painted externally to prevent corrosion of the steel
windshield. The paint system requires renewal when deterioration is sufficient that
corrosion is likely or for aesthetic reasons.

Concrete chimneys are sometimes painted externally, particularly in industrial or
marine locations. Paint to concrete surfaces can seal small cracks and prevent water
ingress. The paint system may incorporate an anti-carbonation layer to prevent
atmospheric carbon dioxide from entering the concrete and reducing the natural
alkalinity of the concrete. Carbonation of concrete removes its natural ability to
passivate the steel reinforcement and so prevent corrosion. The paint system
requires renewal to provide continued protection of the concrete and reinforcement.

Brick chimneys are sometimes treated externally with special paint systems in marine
locations. The paint treatment helps to prevent general deterioration of the bricks
and mortar joints. The paint system requires renewal to maintain protection.

The top section of most chimneys is painted with acid resistant paint to protect the
chimney structure from acid condensation. This area is often known as the ‘smoke
band’. Down wash of the flue gases especially during windy conditions allows the
flue gases to come into contact with the outside of the chimney. The flue gases
frequently contain acid gases that condense on the cold chimney windshield.
Periodic renewal of the smoke band paint system is necessary to prevent damage to
the top of the chimney structure.

4.5 Repair of low-temperature linings

Where the temperature of the flue gas is below the acid dew point special linings
such as high-alloy steel or titanium sheet, borosilicate glass blocks or acid-resistant
coatings may be used. Repairs to these materials may be outside the capability of
the chimney contractor.

Inspection and maintenance of low-temperature linings may need to be carried out in
accordance with long-term performance guarantees for the lining. Any problems may
need to be referred to the material supplier or installer.

4.6 Maintenance of ancillary items

4.6.1 Replacement of expansion joint seals

Torn or damaged expansion joint seals will need to be replaced. Major duct seals
are manufactured with steel flanges to enable the complete unit to be changed.

4.6.2 Liner support system guides

Worn guides or insulating pads should be replaced.

4.6.3 Lightning protection system

Defective air terminals or conductors should be renewed. Loose conductor fixings
should be replaced.

4.6.4 Electrical systems

Consumable items such as aircraft warning lamps should be replaced at the intervals
specified by the supplier. All electrical equipment should be checked for safety.
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5 Chimney deterioration

5.1 Steel chimney windshield

5.1.1 External deterioration

Most steel chimney windshields and fittings are fabricated from mild steel. The steel
is normally painted externally and has to be maintained in order to prevent corrosion.
Often no allowance is made in the design of the chimney for external corrosion of the
windshield, so serious damage could result if the paint treatment is not maintained.

Some steel chimneys have external cladding of aluminium or stainless steel, often
covering a layer of insulation. In this case the external face of the cladding requires
no painting, and the paint system on the protected external face of the steel
windshield should not require renewal during the service life of the chimney. If the
outside of the windshield of a clad chimney is inadequately protected, serious
corrosion may occur.

Steel chimneys that are susceptible to across-wind oscillation due to vortex shedding
may suffer damage due to fatigue. Fatigue damage is often first noticed by failure of
bolts in the flanged and bolted connections between fabricated sections. Failed bolts
often fall to the ground. This tell-tale of the problem will not be visible if the chimney
is externally clad.

Fatigue failure may also occur in welds if the design or execution of the weld is poor.

5.1.2 Internal deterioration

The inside face of a steel chimney windshield not exposed to flue gases is unlikely to
suffer serious deterioration. The environment is often warm, and corrosion or
deterioration of protective coatings is slight. Often the inside face of a steel
windshield is inaccessible for maintenance.

Severe damage may be caused to the inside face of a steel windshield if a flue liner
is damaged and flue gases are allowed to escape and come into contact with the
windshield.

Ventilation openings are normally provided in the windshield near the top of the
windshield and just above ground level in order to ensure a steady change of air
within the windshield. If ventilation is not provided, any leak of flue gas will allow acid
condensation and corrosion to occur.

5.1.3 Particular problems

Steel chimney windshields are fabricated in sections for transport, and are
assembled on site. The site connections often comprise flanges at the end of each
section that are joined by bolting. The method of design of bolted connections has
improved in recent years. In some older chimneys the design of the bolted
connections may be inadequate. As a result the stresses in the bolts or the flanges
are in practice higher than the design values.

High bolt stresses and repetitive loading can lead to eventual fatigue failure of bolts.
This tendency is exacerbated if the flanges are of inadequate thickness. Weak
flanges distort under wind loads and apply eccentric loading to the bolts; this
increases the stress in the bolt for a given joint load. This problem is identified by
sudden failure of connecting bolts in a joint. The problem may arise within a year or
so of the chimney erection, or may not become apparent for many years. Bolt failure
is progressive and accelerates as more bolts fail and the stresses in the remaining
bolts are increased.

10
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5.2 Concrete chimney windshield

5.2.1 External deterioration

Good quality concrete is a very durable material and is able to withstand the effects
of the weather without the need for repair for many years. Damage to concrete
windshields normally begins with minor faults in the concrete such as honeycombing
or cracking that are exploited by the weather or flue gases, or by design faults that
cause cracking.

Once concrete is cracked or porous, rainwater and oxygen from the atmosphere can
enter the body of the concrete. Near the top of the chimney, down wash of flue
gases provides acid gases or condensates that can also enter the concrete. Flue
gases may also reach the inside face of a brick-lined concrete windshield. Once the
chemical compounds necessary for normal or acid corrosion reach the steel
reinforcement, the process of corrosion begins.

If the concrete cover to the reinforcement is less than normal due to incorrect placing
of the reinforcement, corrosion is likely to begin sooner than in a structure with the
correct cover to the reinforcement.

The products of corrosion occupy a greater volume than the steel, and will exert an
outward pressure on the concrete cover to the reinforcement. Eventually the
concrete cover will crack and spall. This increases the effective porosity of the
concrete and corrosion accelerates.

The outside face of a concrete windshield may be subject to carbonation. Once the
level of carbonation reaches the reinforcement, passivation of the steel no longer
occurs. Where air and moisture are able to reach the steel reinforcement due to
porosity or cracking of the concrete, corrosion will take place.

5.2.2 Internal deterioration

The inside face of the concrete windshield of a chimney with one or more steel flues
is unlikely to suffer significant deterioration. The atmosphere inside the chimney is
likely to be warm, dry and well ventilated — conditions conducive to concrete
longevity.

In a concrete chimney with brick flues, it is possible for flue gases that escape from
the porous brick flues to give rise to acid condensation on the inside surface of the
windshield. This is particularly likely when the flue is operating under positive
pressure and the air space is not pressurised. Acid condensation attacks the cement
matrix of the concrete, leading to a complete loss of strength of the affected layer.
Attack is progressive through the thickness of the concrete.

If the concrete is cracked, acid condensates may penetrate the cracks and cause
corrosion of the steel reinforcement.

5.3 Brick chimney

A brick chimney is an older type of chimney with a brick windshield that has an
integral brick lining.

5.3.1 External deterioration

Bricks are designed to be weather-resistant. The bricks in a chimney windshield are
normally able to withstand the effects of the weather for the life of the chimney. A
cement-based mortar is normally used to bond the bricks. Cement mortar is subject
to weathering, and weathering leads to recessed mortar joints.

Near the top of a chimney, down wash of flue gases can cause acid condensation on
the brickwork surface. The acid condensates attack the alkaline cement matrix in the

11
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mortar, causing loss of strength of the affected mortar surface and more rapid
weathering.

Brickwork is stabilised by the weight of the bricks above. At the top of a chimney, the
brickwork has only the bond of the bricks to the mortar to give structural stability.
Weathering of the mortar joints can lead to loss of bond between bricks, allowing
bricks to become loose.

Brickwork has no appreciable long-term tension capacity. Tensile stresses due to
differential temperature and wind loading in a brick chimney cause vertical cracks.
The cracks may extend through the complete thickness of the chimney and may run
for tens of metres in the vertical direction.

5.3.2 Internal deterioration

Most brick chimneys have only a single flue. The chimney lining may be a higher
grade of brick than the remainder of the chimney windshield, but the mortar in most
cases is cement based. In the past, the temperatures of flue gases from process
plants have normally been sufficiently high to maintain the inside faces of brick
chimney flues at a temperature above the acid dew point and so to prevent
significant acid condensation. Deterioration of the mortar joints has not been unduly
rapid.

Uneven temperatures in the brick lining cause thermal cracking. Cracks are initially
confined to the mortar joints, but once cracks begin to propagate vertically they may
run through some vertical mortar joints and then through the intervening bricks.
Once long vertical cracks develop, they propagate through the thickness of the
windshield to the outside.

The construction of a brick chimney requires the windshield thickness to reduce from
the base to the top. This reduction is achieved by stopping the inner course of bricks
at intervals, commonly every nine metres. As a result of this construction, the inner
lining layer of the chimney is susceptible to greater damage due to thermal stresses
at the top of each lining section.
it w

Photo 4: Perforation of windshield due to corrosion

12
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5.4 Steel flue

5.4.1 Internal deterioration

A steel flue may be a separate liner within a chimney windshield or may also form the
windshield of a single-flue steel chimney.

Most steel flues are fabricated from mild steel. It is common practice to use stainless
steel for the top few metres of the flue if it is not protected internally by a refractory
lining. Stainless steel is more resistant to atmospheric corrosion.

A steel flue is normally designed with a corrosion allowance on the inside face. The
corrosion allowance can be expended without compromising the structural integrity of
the flue. In practice, provided that the inside face of the steel is maintained above
the acid dew point or is protected by a refractory lining, corrosion is minimal. If these
conditions are not met, rapid corrosion is likely.

5.4.2 External deterioration

The outside face of a steel flue within a separate windshield is unlikely to suffer
significant deterioration due to corrosion.

Steel flues are fabricated in sections for transport, and are assembled on site. The
site connections may comprise flanges at the ends of each section that are joined by
bolting; alternatively welded site joints may be employed. If the design of bolted
connections is inadequate, failure of bolts may occur. Poor quality welded
connections will be subject to local deterioration.

5.5 Brick flue

This section applies to a brick flue construction that is separate from the windshield.
Brick flues are found mostly in concrete chimneys but some brick chimneys have a
separate lining. Concrete chimney windshields may contain one or more brick flues.

Brick flues are normally built in acid resisting bricks and are bonded in an acid
resistant mortar. Acid resistant mortar joints are characterised by having a smaller
thickness than cement mortar joints. Both the bricks and the mortar are highly
resistant to chemical conditions inside the chimney flue.

Brick flues may be built in sections. Each section of the flue is supported on a corbel
on the inside of the windshield, or on a floor supported from the windshield. There is
provision for vertical thermal expansion at the joints between brickwork sections.
Alternatively a brick flue may be the full height of the chimney without joints. In this
case the flue is supported on the chimney base and not restrained by the windshield.

5.5.1 Internal deterioration

Modern boiler plant has a greater thermal efficiency than older plant, and as a result
the temperatures of the flue gases entering the chimney are lower. Except with
natural gas-fired plant, lower flue gas temperatures can cause acid condensation on
the inside face of the flue and more rapid deterioration of the brickwork mortar or
even the bricks themselves.

5.5.2 External deterioration

The flue brickwork is stabilised by the weight of the bricks above. At the top of the
brickwork, there is only the bond of the bricks to the mortar to give structural stability.
Cracking is more likely and thermal stresses can lead to loss of bond between bricks,
allowing bricks to become loose.

13
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Photo 5: Unknown damage to guy anchorage

5.5.3 Particular problems for brick liners

Uneven temperatures in the brick flue cause thermal cracking. Cracks are initially
confined to the mortar joints, but once cracks begin to propagate vertically they may
run through some vertical mortar joints and then through the intervening bricks.
Once cracks develop, they propagate vertically over many metres.

Intermittent use of plant is more common nowadays. Thermal stresses in brickwork
are greatest when flue gas temperatures change, so frequent start-up and shut down
of plant imposes a more severe operating condition on the brickwork, and more rapid
and severe thermal cracking is likely.

Modern environmental legislation requires a minimum efflux velocity of flue gases. In
order to achieve higher gas velocities, the outlet diameter of a brick flue is
occasionally reduced. This change has the effect of causing positive pressure in the
flue gases for some distance below the reduction in diameter. Positive flue gas
pressure forces flue gases into the air space or the porous fabric of the chimney and
the resulting acid condensation can cause serious damage

5.5.4 Particular problems for corbel-supported brick liners

Where a single brick flue is supported on corbels on the inside face of the chimney
windshield, the outside face of a brick flue is not normally visible for inspection.
Cracking of the brick flue may allow flue gases to escape into the annulus between
the flue and the windshield. Acid condensation is likely to attack the inside face of
the windshield and corbel supports to the brick lining.

The brick flues are constructed in sections with an overlap in the brickwork between
sections. A projecting ‘drip’ corbel course of bricks is incorporated close to the base
of each section, just above the top of the section below, in order to shed dust and
condensates clear of the annular gap between the brick flue sections. If the
expansion provision under the drip corbel course is insufficient, thermal expansion of
the lower brickwork section will break off the protruding drip corbels.
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Expansion joints between brick flue sections are normally sealed to prevent air
ingress into the flue or the escape of flue gases. In the past the seal material has
frequently been lead sheet. Lead sheet becomes brittle in time and cracks or breaks,
destroying the seal. Where flue gas pressures are positive, the loss of a seal at an
expansion joint will allow the escape of flue gases and may lead to acid condensation
on the inside face of the chimney windshield.

5.5.5 Particular problems for floor-supported brick liners

In multi-flue chimneys the brick flues are normally supported on floors. Creep of the
concrete supports can cause the floors to deform. The effect of the floor deformation
is to cause lateral movement of the top of the flues. If the movement exceeds the
gap between the flue and the floor above, the brickwork at the top of the flue will be
damaged.

Uneven support of the flue due to floor deformation can also cause cracking in the
brick flue.

5.5.6 Particular problems for full-height brick liners

This type of brick flue is normally constructed with an accessible air space between
the flue and the chimney windshield.

Problems associated with this type of liner are normally associated with positive flue
gas pressure and inadequate or no pressurisation of the annulus between the flues
and the windshield. Problems include acid condensation, corrosion of steel
reinforcing bands to the brick lining, efflorescence (salt build-up on the outside of the
brick flue) and deterioration of mortar joints.

5.6 Ancillary items

5.6.1 Expansion joints

Expansion joints are provided in chimney flues and ducts to accommodate thermal
movements. The materials used for expansion joint seals have to be flexible as well
as tolerating the chimney operating conditions. Most seal materials will suffer
degradation due to a combination of pressure, temperature and movement and will
require replacement during the service life of the chimney.

5.6.2 Liner support system

Thermal movement of a chimney liner is accommodated by supporting the liner at a
main support level and allowing the liner to expand vertically. Lateral supports are
provided at intervals to ensure that the liner follows the deflections of the windshield.
Repeated movement of the liner due to thermal expansion can cause wear in the
lateral support guides.

5.6.3 Access system

If permanent external access systems extend close to the top of the chimney they will
be affected by acid condensates from down wash of flue gases. Acid condensation
can cause severe corrosion if the access component materials are unsuitable for the
conditions or not adequately protected.

5.6.4 Lightning protection system

Lightning protection systems include air terminals and coronal conductors at the top
of the chimney. The coronal conductor is connected to earth by down conductors.
Components at the top of the chimney will be exposed to acid condensates.
Conductor fixings may be damaged by wind.
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5.6.5 Electrical and mechanical systems

This Guidance Note does not cover the inspection and maintenance of electrical or
mechanical items.

Electrical systems may include aircraft warning lights, internal lighting and elevators
in multi flue chimneys, gas monitoring systems and sometimes pressurisation
systems.

External components will be exposed to the weather. Components near the top of
the chimney will be exposed to acid condensates. Electrical systems within the air
space of multi flue chimneys may be affected by acid condensates if flue gases
escape from the flue.

Specialist advice should be sought for the inspection and maintenance of electrical
and mechanical equipment.

6 Causes of deterioration

The main causes of deterioration of industrial chimneys are due to their primary
purpose of exhausting hot waste gases to the atmosphere. In addition, chimneys
suffer from deterioration due to the action of the weather.

Each chimney is designed for a specific set of operating conditions. These include
the gas composition, the gas flow and the range of operating temperatures. The
design range of these parameters should not be exceeded. Severe damage can be
caused to a chimney if the operating conditions are changed and the design of the
chimney is no longer suitable for the new operating conditions.

Photo 6: Damage to concrete chimney
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6.1 Temperature effects

6.1.1 Maximum operating temperatures

The materials selected for use in chimneys will normally accept the maximum
temperatures to which they are subjected under normal operation without adverse
affect. Where abnormal operation of the plant, such as bypass of a boiler
economiser, can produce higher flue gas temperatures, these conditions should also
have been considered in the design of the chimney. This may not be the case where
the plant has been changed since the construction of the chimney.

Increase in the temperature of materials causes thermal expansion. Chimneys are
designed to accommodate thermal expansion, particularly of flues, and expansion
joints are normally incorporated in the construction.

Chimney materials are likely to be damaged by an excessive temperature excursion
of the flue gases. This may be caused by malfunction of the plant or by a fire in the
chimney itself.

6.1.2 Minimum operating temperatures

Chimney materials will not normally be affected by temperatures below their normal
operating range, but low flue gas temperatures can lead to chemical attack.
Extremely low ambient temperatures may cause frost damage to some materials or
increased wind loading due to icing.

6.1.3 Differential temperatures

Chimney flues are subjected to high temperatures on the inside from contact with flue
gases and to lower temperatures on the outside from the atmosphere or the air
space between the chimney flue and the windshield. Whereas an overall
temperature rise in a flue can be accommodated by making provision for the flue to
expand, differential temperature through the wall of a flue can cause locked-in
flexural stresses.

Differential temperature stresses occur in brick flues; they also occur in concrete or
brick windshields, particularly in single-flue chimneys. Differential temperature
stresses are often relieved by vertical cracking of the flue or the windshield.

The effects of differential temperature are exacerbated when the flue gas
temperature varies frequently, for example if the plant is in operation for only part of
each day.

6.2 Chemical attack

The materials in contact with flue gases will normally be chosen by the chimney
designer so that they will tolerate the chemicals in the flue gases under the design
operating conditions for the specified design period of the flues, normally 20 years.

6.2.1 Acid condensation

The fuels used in industrial plant, with the exception of natural gas, contain significant
amounts of sulphur. In the combustion process, sulphur oxides are produced.
Provided that the sulphur oxides remain in gaseous form they do not attack the flue
wall. If the temperature of the flue gases or the flue wall falls below the acid dew
point, sulphur oxides will condense as acids. Acid condensates can cause rapid
corrosion of mild steel and many stainless steels, and will also attack the cement
matrix of concrete or cementitious mortar.
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Frequent start up and shut down of the plant will increase the time that the flue is
exposed to low flue gas temperatures and will increase the damage caused by acid
condensates from the flue gases.

Where plant is designed to produce flue gases that are below the acid dew point,
such as where flue gas desulphurisation plant is installed, special acid-resistant
materials have to be used in the chimney flue and ducts.

6.3 Weather

6.3.1 Wind

The chimney structure is designed to withstand the design wind loads calculated for
the chimney. Wind may cause damage or deterioration of chimney components.

Industrial chimneys are wind-sensitive structures. The wind loading on the chimney
is affected by the structure’s dynamic response to the wind. This is taken into
account in the design of the chimney. In addition to the normal ‘along-wind’ loading,
circular wind-sensitive structures are subject to ‘across-wind’ loading due to the
periodic shedding of wind vortices. Vortex shedding occurs in steady wind conditions
and the frequency of shedding depends on the chimney diameter and the speed of
the wind. When the frequency of vortex shedding coincides with the natural
frequency of the chimney, excessive across-wind oscillation may result, causing high
stresses in the chimney.

Heavy brick chimneys or brick-lined concrete chimneys are not normally subject to
high across-wind oscillation loads. Steel lined concrete chimneys may suffer higher
loads due to vortex shedding but in modern chimneys the design of the windshield
will take account of these loads. Light steel chimneys are often very susceptible to
high stresses due to vortex shedding. It is common practice to prevent oscillation of
steel chimneys by the addition of helical strakes or tuned-mass dampers.
Inadequate design of steel chimneys against the effects of vortex shedding may lead
to fatigue damage to flanged and bolted connections between chimney sections or to
welded joints.

Wind may cause damage to cladding components and other appendages to
chimneys over a period of time.

Wind causes down wash of flue gases at the tops of chimneys. The gases are
cooled and may deposit acid condensates on the outside of the chimney near the
top. The top of a chimney windshield is often treated with an acid resisting paint to
form a ‘smoke band'’ to reduce weathering due to down wash.

6.3.2 Rain

Rainwater can cause corrosion of steel components of chimneys if the materials are
not chosen correctly or are not adequately protected. Some stainless steels may
also be affected if the chimney is in a marine environment.

Driving rain contributes to the weathering of brick chimney windshields, and may also
affect the insides of brick flues near the top of the chimney. The weathering normally
affects only the mortar joints in the brickwork, but in some cases the bricks
themselves may be affected.

In severe climates, ice may form on the outside of a chimney. Ice may form in cracks
in the windshield, the expansion of the ice on freezing then causes frost damage.

18



CICIND Chimney maintenance guide
7 Changes to an existing chimney

7.1 Operating conditions

Each chimney is designed for a specific set of operating conditions. These
conditions should not be changed without checking the effect on the chimney.

The flue gas temperature should not be increased without checking that the materials
exposed to the flue gases including expansion joint materials are able to sustain the
increased temperatures. The effects of increased or cyclical differential temperatures
in the wall of the flue or the windshield should also be checked.

The minimum operating temperature should not be reduced if any part of the
chimney is likely as a result to be exposed to flue gases at temperatures below the
acid dew point.

The gas flow should not be increased if this will cause positive pressure in a brick
flue. Positive pressure causes flue gases to escape from a porous flue. The
escaping flue gas is cooled on contact with cooler components of the chimney and
acid condensation may result. Acid condensation will cause severe damage to
concrete and steel, including stainless steels.

7.2 New access systems

External access systems are frequently required to be installed on existing chimneys
either for sampling purposes or to provide safer access for maintenance.

External access systems can add very considerably to the wind loading on a
chimney. Whereas chimneys are normally circular in section to minimise wind loads,
access system components are flat or angular and have a high wind force coefficient.

The effect of a permanent system of ladders and platforms up to half the height of a
large concrete chimney will add approximately ten percent to the wind load on a
structure. This percentage is dramatically increased for smaller chimneys or if the
access is provided to the top of the chimney.

A structural design check should always be carried out before installation of external
ladders and platforms to a chimney. For small steel chimneys this requirement
should be extended to any form of external access system.

8 Health and safety

8.1 Introduction

Industrial chimneys require work at heights and therefore specialist access and
working techniques are necessary. Contractors intending to carry out any work on
an industrial chimney should submit risk assessments and method statements for the
work.

Industrial chimneys may contain dangerous materials, particularly asbestos.
Significant amounts of asbestos are unusual in industrial chimneys, but cases have
been found where asbestos has been used for flue insulation. Small amounts of
asbestos and lead are found in ventilation pipes, joints and seals.

In older chimneys, asbestos, lead and other hazardous materials may also be
present in coating materials.

Hazardous materials in industrial chimneys may cause an environmental hazard
during demolition. Hazardous materials should be identified in advance of any work
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on a chimney and the work carried out in accordance with health and safety
legislation.

8.2 Health and safety file

A chimney operator should maintain a health and safety file for each industrial
chimney.

For a new chimney the health and safety file should be started in advance of the
tender stage and should identify the hazards associated with the proposed works.
During the design period, the chimney designer should identify hazards associated
with his proposed design, and during construction the contractor should record
relevant details regarding the chimney construction and intended maintenance.

The health and safety file should contain all health and safety records of work carried
out on the chimney during its life, even if it is taken out of service.

Existing chimneys should be surveyed for asbestos and other hazardous materials
and the results of the survey recorded in the health and safety file for the chimney.

The contents of the health and safety file should be made available to anyone who is
required to carry out any work on the chimney, including a chimney inspection.

Photo 7: Unsafe electrical installation
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9 Concluding comments

Industrial chimneys are almost always essential to the processes that the chimneys
serve. The consequences of unscheduled outages or failure can be very costly.

Industrial chimneys are items of plant, and like most plant they are subject to
deterioration with use or with time. They may also be damaged by misuse, changes
in operating conditions or as a result of faults in the process plant. Like other items
of plant, industrial chimneys need regular inspection and maintenance.

Chimney inspections should be carried out systematically and regularly, not left until
damage becomes apparent or the chimney becomes unsafe. This does not preclude
scheduling inspections so that repair work can be arranged to coincide with other
plant outages. Often inspections can be carried out whilst the chimney is in use. Not
all repairs require the chimney to be taken out of service.

To maximise the benefit of an inspection and maintenance programme, a specialist
inspection company (normally a chimney contractor) and a qualified engineer with
experience of chimney maintenance should be engaged.

The engineer will specify a period of time within which any repairs should be carried
out. The work should always be carried out within the recommended time scale.
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Chimney Inspection requirements Inspection cycles
component
Steel Routine: this may be made from ground level and At least once a
windshield carried out in-house. Viewing through binoculars month.
may be necessary for taller chimneys. Check for
observable regular oscillations at the prevailing wind
speed (not to be confused with normal movement
associated with gusts.) Check for signs of damage
after windstorms.
Regular: Inspection of the outside of the chimney by | At least once every
a specialist chimney contractor, and an engineer’'s three years, but more
report. frequently if
recommended by the
engineer.
Concrete Routine: this may be made from ground level and At least once every
windshield carried out in-house. Viewing through binoculars will | three months.
probably be necessary. Look for areas of cracking or
spalling of the concrete surface or rust staining from
exposed steel reinforcement. Look for signs of
deterioration of the protective paint to the top of the
chimney. Look for rust streaks, particularly from
construction joints. Check for signs of flue gas
leakage such as dampness or staining. Check for
signs of damage after windstorms.
Regular: Inspection of the outside of the chimney by | At least once every
a specialist chimney contractor, and an engineer’'s five years, but more
report. frequently if
recommended by the
engineer.
Brick Routine: this may be made from ground level and At least once every
windshield carried out in-house. Viewing through binoculars will | three months.

probably be necessary. Look for signs of bricks out
of line or missing, particularly near the top of the
chimney, cracks propagating through brick courses
or from the tops of lintels. Check for signs of
deterioration of the protective paint to the top of the
chimney. Check for signs of damage after
windstorms.

Regular: Inspection of the outside of the chimney by
a specialist chimney contractor, and an engineer’'s
report.

At least once every
three years, but more
frequently if
recommended by the
engineer.
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Unlined Regular: inspection of the inside of the steel flue. At least once every
steel flue This inspection requires the flue to be out of service | ten years for
for a sufficient time for it to cool and to be ventilated | continuous operation
of flue gases. Inspections should be scheduled at above the acid dew
times of plant shutdown for periodic maintenance. point. For intermittent
operation or operating
temperatures below,
or close to the acid
dew point, specialist
advice on the
frequency of
inspection should be
sought.
Refractory Regular: inspection of the inside of the refractory At least once every
lined steel lined steel flue. This inspection requires the flue to five years for
flue be out of service for a sufficient time for it to cool continuous operation;
and to be ventilated of flue gases. Inspections at least once every
should be scheduled at times of plant shutdown for three years for
periodic maintenance. intermittent operation
Brick flue Regular: inspection of the inside of the brick flue. At least once every

This inspection requires the flue to be out of service
for a sufficient time for it to cool and to be ventilated
of flue gases. Inspections should be scheduled at
times of plant shutdown for periodic maintenance.

five years for
continuous operation;
at least once every
three years for
intermittent operation.

Further information and guidance can be obtained from Manual for Inspection &
Maintenance of Brickwork & Concrete Chimneys and other documents published by

CICIND
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Additional material to be placed in separate textp  anels to distinguish
from the main body of the Guidance Note

CICIND is the international organisation whose members include industrial chimney
engineers, chimney contractors and chimney owners. CICIND produces Model
Codes on many aspects of chimney design and maintenance and holds twice-yearly
technical meetings to advance the knowledge of all aspects of industrial chimneys.

An industrial chimney is a structure that discharges process gases at an elevation
above ground level. There are two essential components to an industrial chimney,
these are the windshield and at least one flue.

The Chimney windshield is the structural member of a chimney that carries its own
weight and also resists the effects of wind loads on the chimney. The windshield
may also carry the weight of one or more flues. Industrial chimney windshields are
normally constructed of steel, reinforced concrete or brick.

The Chimney flue is the part of the chimney that contains the process gases. One or
more flues are normally located within the windshield. The most frequent materials
used in industrial chimney flues are steel and brick. In the case of steel chimneys,
one member may in some cases form both the windshield and the single flue of the
chimney.

The chimney is likely to have a number of ancillary components such as a lightning
protection system or a permanent access system.

Industrial chimneys are almost always essential to the processes that they serve.
The consequences of unscheduled outages or failure can be very costly.

Industrial chimneys are items of plant, and like most plant they are subject to
deterioration with use or with time. They may also be damaged by misuse, changes
in operating conditions or as a result of faults in the process plant. Like other items
of plant, industrial chimneys need regular inspection and maintenance.

Failure to follow a proper chimney maintenance strategy can be costly not just in
terms of the eventual monetary cost of chimney ownership including lost production
but also in terms of safety to plant operators.
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