Julia Bullock

From: Jill Bastow

Sent: 25 January 2024 12:40

To: Planning

Subject: FW: NYM/2023/0527, Burleigh Cottage, Brig Garth, Robin Hoods Bay Planning Response E12540-
Nymnp planning reply

Attachments: HEAGO081 Solid walls.pdf; Render finish 30mm approx.jpg; Damage due to render type.jpg; Deep

window surround.jpg; Modern window surround.jpg; Plain window surround.jpg; Rear Wall
Utility.jpg; Building Environment Marketing spreads.pdf; RFG0046.pdf

Categories: Blue Category

Please book in as public “Further response to Building Conservation Officer's Concerns”.

From: neil

Sent: Thursday, January 25, 2024 11:42 AM

To: Jill Bastow <j.bastow@northyorkmoors.org.uk>

Subject: NYM/2023/0527, Burleigh Cottage, Brig Garth, Robin Hoods Bay Planning Response E12540- Nymnp
planning reply

Dear lill,

Further to your letter dated 13t Oct ’23 we set out below pertinent details which will hopefully allow
approval of the application.

We are pleased that the principle of sub division is accepted. It is an integral part of the scheme and allows
flexibility which helps with investment and sustainability.

Apologies for the long interval but our clients, worried about the damp ingress and mould growth in the
Lower Ground Floor have been awaiting the results of swab tests. These relate to the rear wall of the
Utility/Store which is substantially below ground.

In terms of specific details responding to the Conservation Officers comments | set out the specific sections
below:-

Lower Ground Rear Wall

The majority of this wall is below ground level. The Rear wall photo shows a line of mould growth which
roughly reflects the height of external ground level that rises to be the full storey height.

This natural stone retaining wall offers little or no resistance to the passage of water/moisture into the
building. The amount of moisture ingress will be season dependant but always present due to the depth
below ground.

Other factors affecting the amount of moisture include the drainage which flows below the surface of Jim
Bells Style. This drainage is a combined system which as the name suggests incorporates foul and surface
water. It is an old system which is highly likely to leak. Our clients are actively engaging with Environmental
Health and Yorkshire Water to try and resolve any leaks. This would be improve the situation but
overflowing drains in times of heavy rain will always be a potential pollution issue even if leaks can be
found and repaired.

At the risk of repeating myself the presence of Groundwater and whatever it contains will never be
resolved.

Later | will mention the mould growth and type of spores found which may in part be due to damaged
drains in the path below but also surface water runoff from the field/Paddock behind, which has over the
years had stock grazing.




Because of the above, separation of the damp wall from the habitable Room must be a priority. We are
aware this needs carrying out without blocking moisture movement and increasing water pressure. The
system used must not offer resistance to the existing movement of moisture.

Proposed is a cavity drain membrane that allows percolation and does not rely upon adhesion. It sits on
the surface and is pinned into mortar joints before a finished surface is applied within the Room.

A main feature of this form of membrane is that it allows constant ‘percolation’ to occur and prevents the
build up of moisture and or water pressure. It is a technical membrane which has discs pressed into it
which hold the membrane off the rock surface ensuring a space is maintained.

It does not affect the moisture content in the subject wall which will vary depending on the season and
any drainage issues.

It is not a normal ‘tanking’ system that aims to prevent water ingress and often causes a build up of
pressure elsewhere and can lead to a range of problems some of which are mentioned in your letter.
This sort of percolation membrane when used with the Limecrete and ‘Glaypor’ floor system create a
barrier between the room and the wet surfaces without blocking or resisting moisture movement. The
moisture percolates down in the space between the membrane and rock surface, draining into the above
described floor construction which allows natural breathability and further percolation.

As mentioned earlier, our clients have obtained laboratory test results on the mould growth. This showed
various types including E.coli. They had thought there was a problem when Jackie Wallace was poorly after
cleaning out that room. The test results are attached.

Insulation to External Walls inner face.

Whilst we do agree with you that the external walls have a greater efficiency when the correct breathable
materials are used and the walls are dry, we believe that the correct materials used for insulating the inner
face will further improve thermal efficiency and not impact negatively on the historic fabric of the building.
This assertion takes into account the stone wall its self and disturbance to any internal existing features.
Our proposals follow the system and ethos illustrated in the attached Historic England guide, ‘Energy
efficiency and Historic Buildings’, section 4.

As well as the materials used this guide reiterates your concerns regarding the internal features, this is
addressed later.

| believe we agree that where the outer surface has inappropriate pointing or eroded and missing pointing
a correct lime based product and technique is to be employed to fully repoint.

Where the inner face is currently covered with a cement based render which a test hole shows as approx.
30mm deep it is our clients intention to remove this render back to an exposed stone face.

We have reduced the thickness of the products proposed to reduce any effect upon existing features.
The attached photographs show that the main elevation windows have a deep projection from the wall,
which when the removal of the render is added to it will amount to approximately 60mm. Allowing the
existing surround and window board to remain.. Other windows have no surround, just a simple plastered
reveal.

The item most affected will be the skirting boards. These will need removing and replacing. Where these
are deemed to be historic, they will be removed and salvaged for re use. It should be noted that we will
provide a schedule of skirting boards based on location with a description of likely age.

The many changes the building has seen does present a myriad of alternative sizes and shapes.

There are no fire places on the external walls so they remain as existing.

The works create an improvement for the health of the Building fabric and that this justifies the work
proposed. Adjustment of internal joinery items will be kept to a minimum and catalogued for certainty.



Heating and ventilation reduces moisture content and condensation. When linked to a naturally dryer
building because of the improvements proposed to the exterior walls sustainability for the future can be
achieved.

The applicants are very conservation minded and have researched extensively to help the process.
We hope the above allows the conservation Officer to reconsider some elements or their concerns.

Kind regards

Neil

Link to an example of the cavity drain membrane allowing percolation:-
https://www.newtonwaterproofing.co.uk/products-systems/products/cavity-drain-waterproofing/8mm-cavity-
drain-membrane-for-basements/

BHD DeS|gn Ltd Architectural services

The information contained in this email is intended only for the person or entity to whom it is addressed and may contain
confidential and/or privileged material. If you have received this email in error please note that any review, retransmission, copying,
dissemination or other use of, or taking of any action in reliance upon its contents is prohibited. If you are not an intended recipient
please delete the material from any computer that may have it and contact BHD Design. Thank you for your co-operation.

The contents of an attachment to this email may inadvertently contain software viruses which could damage your computer
system. We cannot accept liability for any damage which you sustain as a result of software viruses, you should carry out your own
virus checks before opening any attachment.

BHD Design Ltd, Flat 1, Airy Hill Manor, Whitby, YO21 1QB Tel: 01947 604871
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BUILDING ENVIRONMENT

This series of Practical Building Conservation technical handbooks supersedes the
original five volumes written by John and Nicola Ashurst, and published in 1988.

The series is aimed primarily at those who look after historic buildings, or who work
on them. The ten volumes should be useful to architects, surveyors, engineers,
conservators, contractors and conservation officers, but also of interest to owners,
curators, students and researchers.

The contents reflect the work of the Building Conservation and Research Team, their
colleagues at English Heritage, and their consultants and researchers, who together
have many decades of accumulated experience in dealing with deteriorating building
materials and systems of all types. The aim has been to provide practical advice by
advocating a common approach of firstly understanding the material or building
element and why it is deteriorating, and then dealing with the causes. The books do
not include detailed specifications for remedial work, neither do they include a
comprehensive coverage of each subject. They concentrate on those aspects which

are significant in conservation terms, and reflect the requests for information received
by English Heritage.

Building conservation draws on evidence and lessons from the past to help understand
the building, its deterioration and potential remedies; this encourages a cautious
approach. New techniques, materials and treatments often seem promising, but can
prove disappointing and sometimes disastrous. It takes many years before there is
sufficient experience of their use to be able to promote them confidently. Nonetheless,
understanding increases with experience and building conservation is a progressive
discipline, to which these books aim to contribute.

The volumes also establish continual care and maintenance as an integral part of any
conservation programme. Maintenance of all buildings, even of those that have
deteriorated, must be a priority; it is a means of maximising preservation and
minimising costs.

Most of the examples shown in the books are from England: however, English Heritage
maintains good relations with conservation bodies around the world, and even where
materials and techniques differ, the approach is usually consistent. We therefore hope
the series will have a wider appeal.

Dr Simon Thurley
Chief Executive, English Heritage




Any book that tries to deal with the vast topic of ‘the building environment’ must necessarily cover a great
deal of ground, from the weather, the physics of heat and moisture, and the basics of architecture and
engineering, to the building's use and the maintenance and repair of complex materials and systems.
Building Environment is the product of the many years spent observing buildings by the volume editors
and their contributors: buildings of all kinds, modern as well as traditional in construction, in all uses and
under all conditions. It presents a comprehensive overview of building performance, and aims to equip
anyone responsible for a building's care with sufficient knowledge to be able to recognise fundamental
problems, and to either confidently deal with those that are straightforward themselves or successfully
delegate those that are more difficult to specialists.

Many patterns of deterioration appear repeatedly, and familiarity with these patterns makes it possible to
recognise and even predict common causes of problems, such as the inevitable blocked gutters and drains.
Even so, every building environment is essentially unique, and the underlying causes may not always be as
they first seemed. We therefore aim to steer readers away from ‘symptoms-led’ thinking: the same patterns
of deterioration can arise from many different problems, and it is important to always approach the
situation with an open mind. This is why the book is structured to present a coherent and logical picture
of first what the building environment is, then how it works, how it fails, and finally how problems can
best be remediated.

After a short Introduction, the Building Science chapter describes the physical processes that explain the
many links between the building and its environment. Interactions with the Environment shows how
these links affect the way building envelopes are designed to work, and the impact of their surroundings.
The role played by the building occupants — particularly when trying to adjust the interior conditions — is
covered in Controlling the Interior Environment. Deterioration & Damage looks first at the environmental
degradation of individual building materials, before proceeding to consider how the envelope as a whole
can fail. Assessing the Building Environment covers the actions needed to understand how a particular
building is functioning and how it is failing, including specialist investigations such as environmental
monitoring. A short chapter discussing approaches to Diagnosis is followed by Care & Repair, which
introduces the various maintenance and remedial works designed to address environmental problems.
Finally, the Special Topics at the end of the book address three important issues associated with the
building environment: human health; disasters such as floods and fires; and reducing energy use and
carbon emissions.

At times the conclusions we have drawn will be familiar to most readers, at others they may be at variance
with accepted wisdom; but we have taken the decision to contest familiar notions which we have good
reason to believe to be wrong. Too many problems can be traced back to the repetition of misconceived
ideas about how building environments operate.

The audience for this volume of Practical Building Conservation is certain to be diverse: not only architects
and surveyors with many years of experience dealing with historic buildings, but also students, building
managers and homeowners who wish to keep their houses in the best possible condition. For this reason a
good deal of introductory material is included; we hope that this will prove helpful even to experienced
readers when they need to explain to their clients and colleagues exactly how building envelopes work.

BUILDING ENVIRONMENT
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For accessibility and ease of use, the information given in the text has not been footnoted, and
rather than references, short lists of further reading are given at the end of the appropriate
chapters. References to other sections within the text are given in bold, and references to other
publications in bold italics.

Links to other books in the Practical Building Conservation series are indicated throughout
the text by the relevant volume symbol, showing that more information on the topic will
be found in that volume.

® Conservation Basics

® Concrete

e Earth, Brick & Terracotta
® Glass & Glazing [SGLASS)

® Metals

® Mortars, Renders & Plasters

e Roofing SROOFING]

® Stone

® Timber [OTIMBER]

Although every attempt has been made to explain terms as they first occur in the
text, a glossary has also been included, and this can be found just before the index.
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BUILDING ENVIRONMENT

INFLUENCES ON THE BUILDING

The primary influence on a building is always the environment to which it is exposed.
This is typically very complex, since it includes not only the weather, but perhaps also
pollution, runoft patterns, the water table, ground movements and many other factors
of this type. Every building environment will depend to some extent on the local
terrain, and crucially on the way the surrounding land is being used.

The exterior environment has no predefined geographical limit, but extends out as far
as any factor that might be affecting the building condition. In some circumstances this
could be quite considerable distances: for example, winds can carry sea salts far inland,
which means that an assessor trying to understand a problem related to chlorides may
be forced to take the maritime environment into account, even though the structure
may be some way from the coast.

The building itself will alter the exterior environment in its near vicinity, such as
windiness or runoff. To try to understand patterns of complex environmental problems
(for example, storm damage, pollution, flooding or traffic vibration), the position,
construction and even the materials of the building will need to be taken into account.

As a result, the exterior environment of every building will always be unique.

COMPONENTS OF THE EXTERIOR ENVIRONMENT

AIR QUALITY

The air may contain gases and particulates — ‘pollutants’ — able to interact adversely
with building materials. Pollutants can be in the form of particles, droplets of liquid
or gases, and may be ‘primary pollutants’ emitted directly into the air by some process
such as volcanic eruption or combustion; or ‘secondary pollutants’, which will form
when two or more primary pollutants interact.

WEATHER

‘Weather’ is the term used to describe the state of the local atmosphere: that is, hot or
cold, wet or dry, calm or stormy, clear or cloudy (‘climate’ is the term used for the
average atmospheric conditions over longer periods of time).

The components of the weather that have the most impact on buildings include rain and
snow, the temperature and humidity of the air, the direction, strength and gustiness of
the wind, and the patterns of sunlight. These all will vary locally and according to
exposure, and may well have different impacts on different parts of the building.

5
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PRACTICAL BUILDING CONSERVATION

Condensation on surfaces

Condensation on cold surfaces
may collect to form liquid water.
If the surface is of sufficiently

low permeability (glass or metal,
for example, or as here, polished
marble), the water may run down
the surface.

CONDENSATION & EVAPORATION

In almost every collision a molecule of water vapour makes, whether with another
water molecule, or some other molecule in the air, or a surface, it will lose a little of its
energy, until eventually it may be left with too little energy to break away again the next
time it collides. A molecule which can no longer break away is said to have ‘condensed’.

The more water molecules there are in the air, the more likely they are to collide, losing
so much energy that they are forced to condense. If the vapour pressure of air near a
surface is very high, eventually the surface may be covered in a film of liquid water: that
is, by ‘condensation’.

The colder the surface, the more energy the vapour molecules will lose each time they
collide with it, so condensation is more likely on a cool surface. How cold the surface
would have to be to cause a film of condensation depends on the air's absolute humidity
and temperature (that is, on the vapour pressure). The vapour pressure can be used to
calculate a ‘dew-point temperature’ [DPT]; if a surface exposed to air at that vapour
pressure drops below this temperature, then water will begin to condense onto it.

Condensation is not a permanent state. A condensed water molecule will absorb heat
energy from the surface and from the air, and occasionally from vapour molecules
colliding with it. Eventually it may gain enough energy to break free of the surface once
more: that is, to ‘evaporate’. Heating a surface will cause some of the water molecules
condensed upon it to evaporate again.




Condensation in voids

Because so very few water molecules
are needed to saturate air, if the

air in a void or hollow exposed to
some sink of liquid water is allowed
to equilibrate, its relative humidity
will reach 100 % no matter how
small that sink of moisture may

be. In a closed container even a
single drop of water will be ample
to cause the air within to saturate:
the condensation in these bottles
shows that each is at 100 % RH,
regardless of the quantity of liquid
water present.

For this reason, measuring the
relative humidity in a void in a wall
can only show that the wall is dry or
that it has some moisture within it: it
cannot indicate how much moisture
is actually present.

BUILDING ENVIRONMENT

SATURATION & RELATIVE HUMIDITY

Returning for a moment to the image of an imaginary box of air, it is easy to see that if
more water molecules are added to the box, eventually there will come a point where
the number of water molecules condensing exactly equals the number of molecules
evaporating: beyond this point, adding more water molecules to the air will simply
cause the same number of molecules to condense out. The vapour pressure therefore
remains steady, and the air is said to be ‘saturated” that is, it is holding as much
moisture as it possibly could at that temperature.

If the number of water molecules in the imaginary box were kept constant, but the air
was heated, each molecule would have more energy to lose before it would be forced to
condense: in other words, hotter air can hold more water molecules.

If there is a source of liquid water in a sealed container, the air in the container will take
up water molecules by evaporation until the air is saturated. This can take some time,
depending on the size of the container and the surface area of the source (the greater
the surface area, the faster the evaporation).

Free air is rarely saturated, but instead will be holding only a fraction of the water
molecules it could potentially hold. The actual extent of saturation is usually expressed
as a percentage, and is called the ‘relative humidity’ [RH] (relative to saturation, in other
words). By definition, the RH of saturated air is 100 %, so air at 50 % RH is holding half
of the number of water molecules it potentially could hold at that temperature. Air with
an RH of 50 % at 25°C will be holding much more moisture (that is, it will have a much
higher AH) than air of 50 % RH at 15°C.

41
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The building envelope

Every building envelope is unique.

It will be composed of elements
deliberately intended to serve a
weatherproofing function (such

as the roof and exterior walls),
elements intended to control interior
conditions (such as the fireplaces
and other heating systems), and
elements which are primarily
intended to serve other purposes,
but which will still have a strong
impact on the interior environmental
conditions (such as interior partitions
and plumbing). Even apparently
minor elements such as wallpapers
can have a significant effect on the
envelope's condition and behaviour.

Foundations and
i below-ground walls
i and floors

To determine how a building envelope might be operating, a clear picture must be
developed of the purpose and action of each of its components, of how they work
together as a whole, and of how the ensemble interacts with the exterior and interior
environments. Even apparently decorative elements often have functional purposes,
which must be understood if repairs and alterations are not to endanger the operation

of the envelope.

IMPORTANT ELEMENTS OF THE BUILDING ENVELOPE

i Bathrooms, kitchens
¢ and other sources of

i water vapour and
i liquid water

spaces, including those
converted to living space

Attics and other roof

Patterns of
occupation
and use

Artificial
lighting and
other energy
supplies

_—

Partition walls and
floors, especially
between areas of the

. building that have é
different interior

environments

.
- —
/ -
Ground floors

Chimneys, vents and other
elements of the heating
and/or cooling systems

Roofs and elements that
pierce them, such as
chimneys and dormers

Exterior walls and
elements that shed
water, such as
string courses and
hood mouldings

Rainwater
goods :

= Ground
drainage ;

Elements that pierce the i
] exterior walls, such as '}
et windows and doors

PN -




BUILDING ENVIRONMENT

KEEPING THE BUILDING DRY

In any climate that is not extremely arid, the fundamental demand on any building
envelope is that it should be able to handle water. This function is critical to the way the
building envelope is detailed and constructed.

Water meets the envelope in many forms, and from many sources, of which rainfall and
groundwater are the most important. Almost all the familiar detailing of buildings
stems from the need to move water from these sources safely away from the fabric, and
especially to keep it from penetrating to the interior.

Water can be taken up by the building fabric in different ways: absorbed as a vapour,
drawn up as a liquid into the pores or through fine cracks, joints and interfaces between
building elements, condensed from the air onto cold surfaces, or by a combination of
any or all of these (see Building Science). It can then travel through the structure,
driven a little by gravity and very much by the ambient conditions, especially those
causing evaporation. As it moves, it will transfer heat, and it can often transport
contaminants as well.

The phase in which water is found (liquid, vapour or ice) is critical to its behaviour, and
will also affect building materials in different ways. Phases may be very localised, since
they will depend on so many factors: not only the temperature, but also (amongst
others) the flow of air across the surface, the chemical and physical nature of the
material, and the nature and concentration of any contaminants.

DEALING WITH RAINWATER

Like light falling on glass, rainwater meeting the envelope can be deflected from it,
absorbed and held by it, or transmitted through it, and the ways in which the building
does this are a marker of how successful it is at fulfilling this primary role:

e Deflection
Good envelopes deflect as much rainwater as possible, by using features such as drips
and overhangs. Water may be collected and channelled away in gutters and drains.

o Absorption
Traditional building materials such as brick, stone and lime mortar are permeable,
and can absorb rainwater in surface pores, from which it can later evaporate.

o Transmission

Modern rainscreen building systems allow a degree of transmission, with penetrating
water being collected in internal drainage systems, but in both modern and traditional
systems transmission of rainwater right through the envelope is a sign of failure.

How rainwater interacts with the envelope depends on other environmental factors as
well, most notably windiness, air temperature and solar radiation. The risk of failure,
and therefore the need for good detailing, increases with exposure to all these factors.

INTERACTIONS WITH THE ENVIRONMENT
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Capillary rise

If a sample of permeable material
is exposed to a continuous source
of moisture at its base, water will
rise up to the point where the
rate of uptake equals the rate

of evaporation.

Increasing the rate of evaporation
(for example, by increasing the
airflow across the sample) reduces
the maximum height of capillary rise,
whilst partially coating the sample
to reduce the evaporation will make
the water rise higher. Capillary rise
will also be lower in a thin wall,
where the greater surface area-to-
volume ratio makes evaporation
more effective.

Ground drains may also be used to slow or stop runoff across sloped open ground. Most
are based on the ‘French’ drain, which American engineer Henry French developed for
agricultural land. These were originally simple sloped trenches filled with gravel, set
across hillsides to catch the water as it ran down; later they incorporated perforated
pipes and geotextile linings to stop them silting up too quickly.

The drains around building perimeters, intended to collect and dispose of both surface
runoff towards the building and rainwater from the downpipes, are usually modified
French drains that direct the collected water towards a discharge point (commonly a
private soakaway or a public sewer). In England, there has been a fashion for backfilling
perimeter drains with coarse gravel rather than capping with clay, especially if the
drainage was installed specifically to deal with moisture problems. This, however, is
counter-productive, since the gravel lets water run in easily, but prevents it evaporating; it
also makes maintenance difficult (see Deterioration & Damage and Care & Repair).

Protection from Capillary Rise

If a wall made of permeable materials has water at its base, it will rise up the wall to the
point where the rate at which water is being removed by evaporation equals the rate at
which it is being drawn up through the material. This process is governed by the
permeability of the wall and the speed of evaporation, which means it is affected by the
ambient conditions (the temperature, humidity, and especially the air movement), the
porosity of the materials and the structure of the wall (the thickness and nature of the
joints between materials being particularly important).

Although some theoretical models have suggested that in a thick homogeneous wall
water could rise several metres, real buildings present a very different picture. In a brick
wall with lime-mortar joints, for example, moisture almost never rises higher than one
or two courses, except where the wall has been given an impermeable coating such as a
cement render, which prevents evaporation. Even in the laboratory, it has proved almost
impossible to make realistic walls with significant rising damp.

capillary rise more air surface thinner
in sample movement coating slice of brick
of brick




Rising damp?

The pattern of damage over the
length of this run of brick masonry
demonstrates why 'rising damp' —
capillary rise from the water table —
is unlikely to be a cause of serious
moisture problems.

The classic pattern of decay and
salt staining that is often attributed
to rising damp is visible only on the
exposed section of wall to the right,
where it is clear that the true cause
is water percolating down from the
top of the wall. To the left, where
the top of the masonry is protected,
only the very base shows any sign
of moisture damage, as would

be expected where the source of
moisture is the water table.

Serious problems from groundwater
seem to have begun when sewers
and mains water supplies were
introduced in the mid-19th century;
this was when the term 'rising
damp' was invented and damp-
proof coursing introduced. Leaking
pipes are a much more serious
source of persistent water than the
water table, and the problems seem
to have been exacerbated when
cement renders were introduced
(these prevent evaporation and so
drive moisture further up the wall).
Often the render will have been
applied in response to a moisture
problem, and thus have made the
situation worse rather than better.
Impermeable finishes may also make
it difficult to locate the true source
of the water.

BUILDING ENVIRONMENT
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One reason for the resistance of real walls to moisture rising from the base is their
inherent inhomogeneity, and particularly the many interfaces between the different
materials; every joint between mortar and brick will hinder the passage of water
through the wall. Fundamentally, however, capillary rise is limited by evaporation, and
this is far more effective in a real wall than is assumed in most theoretical models. The
model most often used to calculate potential capillary rise assumes the wall to be like a
bundle of fine long straws, each having a single entrance and exit. This is a reasonable
analogy for water uptake in a tree, but not for building materials, where the pore
structure is multi-directional and branching, with many links to surface pores through
which moisture can evaporate. In practice, moisture problems from groundwater tend
to occur when the wall has an impermeable finish such as a cement render that prevents
the water from evaporating,.

Interestingly, there is no evidence of any technology to prevent rising groundwater until
the late Victorian period. The first ‘damp-proof course’ was a system of interlocking
vitrified stoneware tiles laid through the depth of the wall a little way above ground level
to deal with infiltration from poor early sewers, which tended to back up and flood
cellars. This was developed and christened in 1859 by John Taylor; other builders used
bituminous materials, but slate quickly became the popular choice. By the late 1870s
damp-proof coursing had been incorporated into English building legislation, and
although sewers and water supply systems are now much less problematic, it is still
required for new build. For existing buildings, alternatives such as injected damp-proofing
are sometimes used, although there is little or no evidence that these are effective (see
Deterioration & Damage). The original cause of the problem appears to have been
forgotten, and ‘rising damp” has become a catch-all phrase for all moisture problems in
walls, even when the water is percolating down from above.

Although the water table will not in fact be a source of problems for most types of
construction, water-sensitive materials such as timber and cob will still need to be
protected from ground moisture. The traditional approach has been to construct walls
made primarily of these materials onto a masonry plinth made of stone or brick.

INTERACTIONS WITH THE ENVIRONMENT
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Thermal buffering

Like many medieval churches,

St Botolph's, at Hardham in Sussex,
has massive masonry walls. These
have an extremely high thermal
inertia and are therefore excellent
temperature buffers. During the day,
their external surfaces are warmed
by the sun and the air; this heat
transfers through the wall slowly, so
that by evening — when the exterior
conditions have begun to cool - the
interior will still be warming. If the
building is not heated, maximum
interior temperatures will be reached
well after the hottest part of the day,
and although the interior will always
be cooler than the exterior maxima,
it will also stay warmer than the
coldest exterior conditions. In other
words, the interior temperatures

will be both more stable and less
extreme than the exterior.

In a building of this type, thermal
buffering is enhanced by the small
amount of surface area taken up by
windows and other components of
low thermal inertia.

If such a building is heated or
cooled, buffering will reduce the
amount of energy that must be used
to achieve the desired temperatures.

Traditional buildings usually provide good thermal buffering, since both the materials
and the construction have a great deal of thermal mass. Metal and glass were used
sparingly, and serious thermal bridges were therefore uncommon. Radiative transfer
into massive walls and floors was reduced with wall and floor coverings of timber or
fabric (panelling, tapestries and carpets).

By contrast, materials with low thermal inertias are critical to modern architecture. In
response, engineers have been forced to develop sophisticated ways of increasing
thermal mass, such as thermal breaks, multilayered insulation systems for walls and
IGUs [Insulated Glazing Units] to replace single sheets of glass in windows and curtain
walls. Glass may also be covered with plastic filters to reduce radiative uptake.

32

28

24

20

AMBIENT TEMPERATURE (°C)

1JuLY 8JuLy 15 JULY 22 JuLy 29 JULY
B EXTERIOR TEMPERATURE I INTERIOR TEMPERATURE




BUILDING ENVIRONMENT

BUFFERING THE EXTERIOR HUMIDITY

The primary mechanism for humidity buffering is air exchange: buildings that are very ‘leaky’
tend to have internal relative humidities that closely follow those of the exterior air. The
secondary mechanism is permeable materials absorbing and releasing water vapour in
response to changing relative humidities. If the interior vapour pressure is constant, the fabric
and the interior air will be at equilibrium, but if the vapour pressure of the air changes, then
hygroscopic materials such as brick, stone, lime plaster and especially timber will respond
by either taking up or giving up moisture until a new equilibrium is reached.

Every permeable building material will have its own characteristic hygroscopicity, taking
up moisture from the air in a way that depends on (amongst other factors) the structure of
its pore system and the presence of contaminants such as salts. Moisture absorption and
desorption depends on the ambient conditions: for example, plotting a hygroscopic
material's moisture content against changing ambient relative humidity generates a
characteristic curve, showing the ‘equilibrium relative humidity’ of the material.

Some degree of existing moisture is important to the material's buffering capacity, since
very dry materials absorb moisture much less effectively (just as a sponge will not absorb
water when dry, but becomes very absorbent indeed once slightly wetted: the reasons for
this are discussed in Building Science). It has been shown experimentally that an oven-dried
lime plaster will absorb very little water vapour from the air, but after several months or
years of exposure, even plaster in perfect condition will be holding some moisture in its
pores, and will therefore be an excellent buffer. Materials such as timber will usually be
holding significant amounts of moisture (as much as 15 % by weight for wood in good
condition), and this acts as a sink of water when, say, a temperature increase causes the
ambient relative humidity to drop. It also helps the wood to take up water vapour when the
humidity rises again (that is, when the temperature drops, or wetter air enters the building).

The envelope will also have its own characteristic ‘hygric mass™ the way it buffers humidity
will depend not only on the permeability of single materials, but on the behaviour of
complex groups of materials. Discontinuities, interfaces, joints, surface finishes and coatings
may all have a significant impact. For example, moisture-resistant coatings such as vinyl
paints will hinder evaporation much more than they hinder moisture uptake, so painted
plaster may steadily become wetter (see Building Science).

The average absolute humidity in the interior will be steadier, but typically slightly
higher, than the exterior.

All parts of the building can contribute to the humidity buffering, including the interior
and the contents such as timber furniture. The floor is one of the largest surfaces for
moisture exchange; traditional solid floors, which do not incorporate damp-proof
membranes but are bedded directly onto the earth or onto a permeable lime-based
mortar, can account for more than half the moisture content of the fabric. So long as
there is plentiful air movement and air exchange this does not damage the building, and
indeed it prevents groundwater being driven up the walls.
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Freeze-thaw damage

Freeze-thaw damage can occur

in any wet permeable material
exposed to low temperatures, but
is most commonly seen in masonry.
Problems may be exacerbated by
the use of cement-based mortars,
which trap water. The pattern

of deterioration reflects not only
exposure, but also the variation in
the quality of the bricks or stones,
since it is the weaker units that will
fail. So many factors can be at work
that freeze-thaw is often hard to
unequivocally pinpoint as a reason
for deterioration.

Indirect Damage

Many of the problems indirectly caused by temperature involve its effect on moisture.
For example, cooling may lead to condensation, and wet permeable materials may
break down under freezing conditions, especially if subjected to repeated cycles of
freezing and thawing.

Although the precise mechanism for freeze-thaw damage is not well understood, it may
be related to the bursting of water pipes in cold weather. In this case at least, it is not
actually the force exerted on the walls of the pipe by the expansion of the water as it
freezes that does the damage: the pipe is much too strong, and instead forces the ice
crystals to grow along the pipe. This compresses the air trapped ahead of the ice front,
so air pressure will build up until eventually it is sufficient to split the pipe apart at the
joints. Hot-water pipes are more prone to failure than cold-water pipes, since the
cold-water system often includes toilet cisterns which act as expansion valves.

Roofs that are periodically covered in thick snow face other problems. If the ceilings are
not insulated and the attic space above is not very well ventilated to the exterior, the
roof covering may heat up, causing the snow to slide off, which can be a risk to building
elements below. The meltwater may refreeze at the eaves, causing ice dams that
endanger not only the eaves and gutters, but passers-by as well.




IMPACT OF SUNLIGHT

As with temperature, sunlight can cause damage both directly and indirectly, although
in this case the direct damage is usually confined to superficial changes, and it is the
indirect damage — chiefly localised heating — that is able to cause the most severe
problems for most building envelopes. Since exposure depends on the building and its
surroundings, this can change quite dramatically through the day and the year.

Direct Damage

Although the ultraviolet component of sunlight can break down organic materials in
building components, this is usually superficial. It is of most importance for decorative
surfaces such as wall paintings or wallpapers that incorporate dye pigments, where the
appearance can be dramatically altered by fading. Exposed timberwork will change
colour, but this will not affect its strength to any significant degree. Sunlight can also
break down glues and sealants such as putties and silicones, which can be a serious issue
for some modern curtain-wall construction, but the degree of damage will depend on
the exposure. TEFYES

Indirect Damage

Solar heating can cause materials to expand and contract, and can also act as a catalyst
for chemical reactions. Solar heating can cause very high vapour pressures in surface
pores and inside hollow-wall construction, and this can force moisture through the
wall. Sunlight exposure is also a critical factor governing the growth of plants and
microorganisms in and around the building.

Sunlight damage

Many plastics are very susceptible
to damage from ultraviolet light.

In this railway station roof,

the transluscent panels have
severely discoloured. Even newer
replacement panels (such as that at
top left) are beginning to show signs
of the same deterioration.
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Taking readings of environmental
conditions with a hand-held meter

Hand-held electronic meters are

now available at little cost; most

will measure relative humidity and
temperature, and may calculate
absolute humidity and dew point.
More sophisticated models may have
interchangeable probes, allowing the
surveyor to take readings of other
environmental parameters such as
air movement or pollution.

Although hand-held meters will
only give spot measurements, and
the readings for a single day should
never be given too much weight

in interpretation, they can still be a
handy way to examine the overall
behaviour of the building envelope,
and can be used to help plan more
exact investigations.

Water problems will not always be
due to a problem with the building
envelope, or to condensation: leaks
in plumbing and heating pipes, or
even in fire-protection systems, are
common sources of problems.

Most assessors find it useful to map
superficial decay onto elevations.
Relative moisture and salt levels in
walls can also be roughly mapped
using resistance or capacitance
moisture meters, and although the
results will not be accurate, the
resulting patterns may help to
narrow down a hidden source of
moisture. It is possible to take spot
measurements of temperature and
humidity, usually with hand-held
meters. Although the information
this gives should be approached
with caution, it can be a way of
making general comparisons,
especially when looking at the
potential effects of heating:
comparisons between different
internal spaces, for example; or
between the exterior and interior.

Each room will need to be assessed separately, as well as considered in terms of impact
on the envelope as a whole. Windows and doors must be checked not only for signs of
leaking and other similar problems, but to see whether they are operating correctly.

If the likely source of moisture-related damage is still not clear, it may be necessary to
look at the exterior once again, double-checking details that could be causing problems,
such as the pointing, the joints between building elements (for example, around
windows), and the flashings and seals.

Recent changes to the fabric (for example, the addition of carpets or tiles, or of
impermeable paints or wallpapers, or the installation of a new heating system) can be a
critical factor, so these must be identified. Changes in the way the building is being used
are equally important, as are any alterations that have been made to the environmental
management. All evidence of building services, both old and new, will need to be
recorded, and the building users questioned to construct a picture of the ways the
current services (such as heating) are actually being used.




MAKING DETAILED MEASUREMENTS

Almost every aspect of the building environment has the potential to merit closer
investigation and measurement as part of a building performance survey, from the
slope of the surrounding ground to the structural soundness of the building elements.

CHARACTERISING THE GROUND SLOPE

If it is suspected that the ground levels are causing runoff problems, or there are subtle
issues between interior and exterior ground levels, this can be checked very easily with
simple tools (string, a metre rule and a level), though it does require that the surveyor has
some assistance. Alternatively, professional surveying equipment can be used.

Determining relative ground levels

Top: Interior floor levels, the
difference in the interior and exterior
ground levels, and the slope of the
ground around the building, can all
be determined to sufficient accuracy
for most purposes using the simplest
of tools: two straight sticks or metre
rulers, a tape measure, string and a
builder’s level, or a line level.

Bottom left: Measurements

are taken relative to one point,
usually inside the building, with
the measurement team working
outwards from there; each reading
becomes the baseline for the next
measurement. The results are
marked onto a building plan.

Bottom right: To connect the
internal and external measurements,
it is usually easiest to note the height
of the same window sill on the
interior and exterior.
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It is convenient to group probes
into “clusters’: this not only makes
installation easier, but means that
the readings from the sensors are as
comparable as possible.

Here, each cluster includes

a thermistor reading surface
temperature, and a combined
relative humidity and temperature
[RH&T] probe. All probes are
protected from the drying and
cooling effects of air movement by
screens (a block of green foam in the
case of the thermistors, and filters
or a Stevenson screen in the case
of the RH & T probes). This ensures
accurate and repeatable readings.

Selecting the Correct Sensors & Probes

Data is only as good as the sensors gathering it, so it is important to understand their
accuracy and repeatability. Readings taken for investigating the building environment
rarely need to be as accurate as (for example) readings taken for process control in
factories. Repeatability of measurements taken by a single sensor, or between different
sensors around the building, is much more important than accuracy.

All electronic sensors must be supplied with power, but the way in which this is provided
varies. Hardwired probes generally draw their power directly from the datalogger, but
radio telemetry probes are generally powered by batteries (like stand-alone loggers,
these require periodic renewal; but because battery life can be transmitted along with
the data, warnings can be provided to the logger when battery power is low).

Some probes — hot-wire air velocity sensors, for example — require more power than can
be provided by batteries. They must therefore be supplied with electricity either directly
from the mains, or from solar panels (or some other alternative source).

Most monitoring begins with
equipment to measure temperature
and relative humidity, often together
with surface temperatures. Monitoring
exterior and interior microclimates is
also standard, as this more than any
other comparison reveals how the
building envelope is working. The
weather station is a particularly useful
tool, combining in a single unit the
measurement of exterior temperature
and relative humidity, rainfall intensity,
sunlight, and wind.

Structural monitoring can also be
incorporated in a programme of
environmental monitoring to check
whether or not apparent weaknesses
reflect serious problems, and whether
or not these are affected by
environmental parameters such as
temperature or wind. This can mean
monitoring ground motion, structural
frame response, component response,
and creep or settlement.




PARAMETER

TYPE OF MEASUREMENT

SENSORS

COMMENTS

AIR TEMPERATURE

Direct

Thermometers
: Thermocouples

Thermistors
Resistance sensors

Thermocouples are not reliable when used to
i measure temperatures close to the ambient

air temperature

SURFACE
TEMPERATURE

Attached sensors

Thermistors
Resistance sensors

Accuracy depends on method of attachment

Remote sensors

Infrared thermometers
Infrared thermography

Readings depend on surface emissivity as well
as temperature

AMBIENT HUMIDITY Direct Capacitance sensors Need regular recalibration
Dew-point sensors
LIGHT Direct Photodetector Can measure different wavebands
Indirect Photodetector Can measure different wavebands

AIR MOVEMENT

Pattern and speed of flow

Smoke tests
Particle velocimetry

Air movement is very variable, so spot
measurements can be particularly deceptive

‘ Speed of flow

: Cup anemometers

Hot-wire anemometers
Ultrasound

¢ The presence of probes can cause turbulence

and affect the reading; this is a great problem
at low speeds

i AIR EXCHANGE

¢ Indirect

i Tracer gas

i On-off measurement: therefore, conditions under
: which to monitor must be chosen carefully

electronic circuit; presence of
liquid water completes circuit

Direct Door or window opening Closure of window or door completes circuit
May need quite complicated processing to extract
both numbers of opening and closing events, and
the duration of each separate event
MOISTURE CONTENT Indirect Resistance sensors Best systems based on measuring dielectric change,

Embedded capacitance sensors but currently no totally satisfactory method, since

Embedded microwave- sensor must be inserted in a drilled hole, and this

capacitance sensors changes the characteristics of the material

i WATER EVENT i Direct i Strip with a simple printed i Can be used to detect surface condensation or, for

example, blockages in gutters

Can be used to trigger an alarm

{ HEAT LOSS

¢ Indirect

i U-value reading with flux meter :
H : loss only

U-value is a measurement of conductive heat

i AIR POLLUTION

Direct

Air pumped through
i analytical device

Sensor can be chosen to detect a range of
i pollutants, or to monitor a single pollutant to a
i greater accuracy
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AREAS OF ‘DAMP’

DESCRIPTION

POSSIBLE CAUSES

ACTIONS TO SUPPORT DIAGNOSIS

MOIST PATCHES HIGH ON WALL

Source of liquid water; common causes include:

« blocked rainwater goods

« chimneys with rainwater penetration

- impermeable renders trapping moisture

May be hygroscopic salts; sources include:

« deposition of combustion products in flue

- trapped organic material in flue

« building use

« internal pollutants (such as sulphate deposits from heating)

Look for decay of embedded timbers (such as joists
and lintels)

Map distribution of damage, and compare to
possible building flaws

Look for possible sources of hygroscopic salts

If source is unclear, take samples from wall to
determine moisture content and distribution, and
salt content (look for hygroscopic salts)

CONDENSATION ON IMPERMEABLE SURFACES

Visible water beading on impermeable surfaces such

as glass or metal under certain conditions; wall feels

cold and damp to touch; may be damaged finishes or
signs of moisture problems (such as decay for timber
affected by runoff)

May be liquid water problem, with condensation as
apparent or real side-effect

Unusually thin masonry walls, chilled by wind

Liquid moisture problems from other sources, including
blocked rainwater goods or drains

May well be exacerbated where problems have led to
wrong interventions (for example, a cement render)

Under what conditions does water-beading appear?
May be necessary to monitor environmental
conditions, including surface temperature, and to
understand how the heating system is being run

Map distribution of damage, and compare to
possible building flaws

Assess quality of pointing and render, checking
especially for fine cracks that could wick in moisture

CONDENSATION INSIDE SECONDARY GLAZING

Significant condensation on the inside of the glass,
occurring regularly; runoff staining below the window;
decay of timber cill and horizontal members of
windows, or corrosion of horizontal members and
joints of metal windows

High interior humidity (coupled with cold glass)

Insufficient ventilation to exterior, especially where
wall has moisture problems

Under what conditions does condensation occur?
May be necessary to monitor environmental conditions

Look for liquid moisture problems in surrounding wall

CONDENSATION INSIDE INSULATED GLAZING UNIT (‘DOUBLE’ OR ‘TRIPLE’ GLAZING)

Failed seals (these have a limited lifespan)

Sometimes cracked glass

Seals can be tested by placing a cup containing dry
ice against the glass; if the seals have failed, this will
provoke condensation

If glass has cracked, look for source:

- impact

« glazing unit fits too tightly in frame, so that thermal
movement causes failure
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NON-VISUAL SYMPTOMS

POSSIBLE CAUSES

ACTIONS TO SUPPORT DIAGNOSIS

MUSTY OR DAMP SMELL

Timber decay
Mould growth
Most common in areas with limited air circulation

Is the smell present all the time, or only after the room has been shut up?

Look for sources of water: most commonly liquid water leaks, but condensation can also
be a problem (such as condensation behind impermeable insulation or membranes)

SPACE FEELS ‘STUFFY’

Insufficient air exchange and/or air movement
Sources of ventilation such as windows, chimneys sealed up
Central air-conditioning system with inadequate filtering or ventilation

Is it a problem at most times, or only in certain conditions or times of the year?
Is it a problem in all rooms, or only in certain rooms?

Check airflow and air exchange, especially around doors, windows, chimneys

SPACE FEELS DRAUGHTY

Air leakage through windows, doors or chimneys
Open-plan interior: no ability to isolate spaces

Poor control systems: heating causing air currents, or pulling in colder
air; heating using blowers or localised radiators; air conditioning
blowing air too strongly

Large areas of glass (thermal bridging)

Is it a problem at most times, or only in certain conditions or times of the day or year?
Is it a problem in all rooms, or only in certain rooms?

Check condition of windows, doors and so on

Check airflow and air exchange, especially around doors, windows, chimneys

Check for hidden major air leaks through fabric

SPACE FEELS TOO COLD

Radiant heat loss to thermal bridges or materials that readily absorb
heat from the body, such as:

- large areas of glass
« thick masonry walls
- cold floors

Inadequate heating, or heating/cooling system that is badly controlled

Is it a problem at most times, or only in certain conditions or times of the year?
What activities are happening in the room? How are occupants dressed?

What is the heating system? How is it controlled?

SPACE FEELS TOO HOT

Solar gain, especially through large areas of glazing
Inadequate ventilation
Extensive heating system and insulation

Inadequate cooling, or heating or cooling that is badly controlled

Is it a problem at most times, or only in certain conditions or times of the year?
What activities are happening in the room? How are occupants dressed?

Check air temperature, ventilation and air exchange

What is the heating/cooling system? How is it controlled?
i How is the building insulated?

SPACE FEELS HUMID

Condensation problems

Insufficient air exchange and/or air movement
Incorrect heating system, or control of heating system
Building use involves a great deal of moisture

Moisture-resistant materials have been used, such as AVCLs, water-
resistant insulation, or impermeable wallpapers or paints

Are there any building flaws letting in liquid moisture?

Is it a problem at most times, or only in certain conditions or times of the year?
Is it a problem in all rooms, or only in some parts of the building?

Check airflow and air exchange, especially around doors, windows, chimneys

Monitor to determine vapour content of air, and identify sources of vapour

BUILDING ENVIRONMENT

DIAGNOSIS




386

PRACTICAL BUILDING CONSERVATION

To separate an exterior wall from
the ground abutting it, and thereby
prevent lateral penetration of water,
one approach is to use a geodrain.
This must be capped at the top to
ensure that water flowing down
the walls travels over the geodrain,
rather than behind it.

Dealing with Moisture from the Ground

In masonry walls that have not been rendered with cement or given some other
waterproof finish, groundwater is unlikely to affect more than the first course or two of
masonry, but cellars, underfloor voids, and the walls of buildings where the earth has
been allowed to build up against the exterior, may be very wet on the interior.

Preventing Lateral Penetration

If there is a problem that cannot be managed by maintenance or repair of the existing
drains, or by installing land drains uphill from the building, there are two principal
approaches: to add a waterproofing layer on the buried section of the wall, or take back
the earth to create a ventilated trench. Both require excavation near the footings, and so
will probably need advice from a structural engineer as well as a drainage expert. If the
building is listed or the surroundings of historic importance, digging may require
statutory consent, and possibly archaeological supervision.

Excavation

Historically, the ground outside basements or cellars in use was sometimes dug away

to match the interior ground level, forming well areas or perimeter passageways.

This approach allows the walls to dry out and stay dry, but excavation around an
existing building is a costly and invasive exercise that may have both structural and
archaeological implications, and could change the character of the building. It is only
possible where excavation would not endanger the structure, and where it does not
impinge on building or landscape significance. Excavations should generally incorporate
aland drain as a fail-safe.

Waterproofing

Waterproofing coatings and metal
flashings are not likely to have long
lifespans when buried and exposed to
quantities of water and salts from the
ground, and so a modern geodrain
/ (a plastic barrier with integral drainage
channels) may be a better choice. This
will need to connect at the bottom to the
drain, and be flashed at the top to prevent
water washing down the walls from
entering. It will need to be replaced

/ when it begins to fail.

Barriers such as geodrains do entail some
risk. There is likely to be some leaking
through and especially under the barrier,
and if water does get in to the wall, it will
be able to dry only towards the interior.
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Damp Proofing

Damp proofing, which was first introduced in the second half of the 19th century to
prevent damage from faulty sewers, is now an automatic inclusion in new construction.
A damp-proof course [DPC] is a layer of some waterproof material such as sheet lead,
slate, bituminous felt or plastic carried through the entire thickness of the wall just
above the ground, to cut off water rising from the footings. This may be bedded into
the joint between two courses of masonry, or set on the top of the plinth supporting a

timber frame or an earthen wall, or some other moisture-sensitive form of construction.

A damp-proof membrane [DPM] is usually a thick sheet of polythene, which may be
used in various ways: for example, to protect church monuments positioned against
exterior walls, or to isolate a concrete floor slab.

Injected ‘damp-proofing’ systems are not recommended for building conservation: not
only is there no evidence that they work, but the risk from the associated cement
renders and the damage from drilling multiple holes into the wall through which large
quantities of liquid are introduced make them unacceptable (see Deterioration &
Damage: Problems Due to Alterations & Interventions).

Drying Wet Fabric

It is rarely necessary to install any special systems to dry walls recovering
from moisture problems, except perhaps where the source of the water
was widespread and prolonged: a flood or fire, for example (see the
Special Topic: Dealing with Disasters).

Drying proceeds in two stages, and it is only the first — Stage I, where
there are liquid flow paths from the centre of the material to the surface
—that is able to remove substantial quantities of moisture from bulk
material (see Building Science). Where possible, it is desirable to prolong
Stage | drying so that more moisture is removed from the walls, so it is
usually best not to accelerate the process to any great degree: slight
airflow and good air exchange can often be helpful, but strong heating
and too-powerful fans can easily dry the surface pores, moving the
process into Stage Il drying (which is very slow). Rapid drying also
increases the risk of material damage.

Certainly drying should not be accelerated until all leaks have been dealt
with: if the moisture sources have not been removed, drying will never be
effective, whatever the mechanism. Trying to dry fabric wetted continually
by a high water table, for example, would simply pull more water
through the wall, exacerbating deterioration and raising the humidity
within the room.

Proprietary treatments for drying ‘damp walls’, such as electro-osmosis,
are generally unnecessary, and may prove counter-productive.

BUILDING ENVIRONMENT

It is very rare that a DPC or DPM will be
found to be a desirable option for
controlling water: it risks moving the
moisture problem elsewhere. To protect a
building with its footing immersed in
water, the damp proofing would need to
form an unbroken barrier across the floor
and through the walls, and an internal
perimeter drain would need to be installed
together with a pump to take the water it
collects back to the exterior. Retrofitting
damp-proof coursing into a building which
was never designed to incorporate one is
extremely invasive: to protect timber cill
beams resting on damp masonry plinths
from decay the frame would have to be
jacked up section by section to insert the
DPC; masonry walls would need to be cut
through section-by-section using special
saws, or long drills and chisels. It is difficult
to imagine any situations where such
invasive works would be justifiable.
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Managing Birds

Whether birds cause serious problems depends both on the habits of the species, and on
where the perches, nests or roosts are located on the building. Since many different birds
depend on buildings for nest sites, it may be necessary to balance nature conservation and
building conservation. Information about the conservation status and the control of
different bird species can be obtained from the Royal Society for the Protection of Birds.

Many different approaches to bird deterrence have been tried, including flying hawks,
scarers and audible repellents, but these do have certain drawbacks, not least that their
action is not species-specific. Culling is often proposed for controlling pigeon
populations, but it is never effective unless the population is very small and isolated;
otherwise, birds in neighbouring areas will simply move in.

Laws Protecting Birds

All bird nests are protected by law: it is illegal
to intentionally disturb or destroy the active
nest of any wild bird. Nestlings must be
allowed to fledge before any action is taken
to block access or remove nests. If nests are
found during roofing works, eggs and
nestlings should not be disturbed, and
Natural England should be consulted.

Endangered species should be allowed to
nest wherever there is no direct conflict.

If the roof must be sealed off to prevent
damage, nest boxes can be positioned under
the eaves for threatened birds such as
starlings, sparrows and swifts; these can be
cleaned after the breeding season to limit
the number of parasites. Shelves can also be
fitted below the nests to catch droppings.

If nests must be removed, it will be
necessary to ensure that they are no longer
in use (for larger buildings and commercial
properties, it is wise to seek advice from an
independent specialist organisation such as
the Pigeon Control Advisory Service).




Netting and mesh

Netting can provide some protection
from birds for elaborate features

on the building facade, but it is not
necessarily unobtrusive.

BUILDING ENVIRONMENT

Preventing Perching

Feral pigeons and other troublesome birds will perch on buildings to overlook regular
food sources. If perching is a problem, the most important step is to try to remove the
source of food (for example, preventing people feeding pigeons in the area).

Preventing Roosting & Nesting

Birds such as pigeons need to be prevented from entering areas where they may roost or
nest in numbers, such as courtyards, balconies and windows, or around statuary or pipe
work. Roosting sites may also be popular with other more desirable birds; but fortunately
pigeons are large, so it is often possible to exclude them and not the smaller songbirds.

The problem will have to be dealt with in the winter, ideally between October and
February when birds should have finished nesting. Any holes or gaps giving access to
the roof or some other sensitive area of the building will need to be cleaned out and
sealed, which should be done mid-morning to minimise the risk of trapping any roosting
birds. If there is any doubt as to whether all birds have left, a fine wire mesh can be fixed
over the entrance, and checked at intervals to ensure that no birds are trapped; permanent
repairs can be made when it is certain that no birds remain.

The access to the site will then need to be repaired, or blocked off with netting or the
correct wire or nylon mesh. Monofilament mesh, for example, comes in a range of sizes:
19 mm for birds as small as sparrows, 28 mm for starlings and larger birds, 50 mm for
pigeons, and 75 mm for gulls. If well installed, netting can be relatively inconspicuous,
and does not noticeably reduce light levels in the building. However, it does tend to trap
windblown leaves and rubbish, so maintenance is an important issue.
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The storage tanks of air-conditioning
systems, which are often found

on the rooftops of commercial
buildings, can support the growth
of microorganisms such as
Legionella bacteria.

PRINCIPAL SOURCE

CONTAMINANTS

Diesel-powered generators
Combustion engines (for example, cars)

BUILDING & Fabric Dust, glass fibres, asbestos fibres, radon

FURNISHING Underlying ground

MATERIALS
Paints and glues, including those in laminated Volatile organic compounds [VOCs] such
wood as formaldehyde
Cleansers, disinfectants and solvents Heavy metals such as lead
Off-gassing (such as the softeners and solvents Toxins of various types and degrees of
released by many industrial plastics) seriousness (such as cyanide from some

types of rubber-based sealants)

Treatments such as biocides Biotoxins

MICRO- Furniture Dust mites

ORGANISMS
Damp materials Fungi spores, mould spores, bacteria
Stagnant water

BUILDING USE Heaters burning carbon-based fuels Carbon monoxide; particulates

Furniture
Occupants

Carbon dioxide; dust

Photocopiers
Electric motors
Electrostatic air cleaners

Ozone
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An assessment of health hazards in a building may be desired for one of two basic reasons:

e works are being proposed that could expose the workers or other building users to
hazardous materials (such as asbestos, lead or bird droppings)

e building users are reporting health problems that could be associated with the
building or its contents (such as respiratory problems).

Although health problems reported by occupants can arise from any combination of
contaminants, the underlying causes are often linked to environmental issues such as
inappropriate temperatures and humidities, or insufficient intake of outdoor air.

In cities particularly, commercial buildings are often airtight and use central air plants
deliberately designed to limit air exchange with the exterior. This makes it easier and
cheaper to condition the building air, and reduces the need to precondition incoming
air to bring it to the right temperature or to filter it to remove pollutants, but its
unfortunate side-effects cannot be denied. In poor air-conditioning systems, the
building air is run through the ceiling and underfloor spaces, which are usually very
dirty; even ducts and filters may only rarely be cleaned.

ASSESSING HEALTH HAZARDS

Assessments of hazards during building works in the UK are covered by the Health and
Safety Executive. The latest regulations and practice recommendations should always
be consulted and followed (www. bse.gov.uk).

It is harder to assess health problems associated with use of the building, because
potential causes are many, and active factors are challenging to isolate. Not only all
information about symptoms, but the nature of the building itself, will need to be
taken into account. For example, if the building was constructed in the 20th century,
or has major 20th-century renovations, asbestos may be a risk.

An assessment survey should be made to investigate all possible causes of discomfort,
including the lighting and heating, the fabric and furnishings, and the air plant. Forced
ventilation should be checked to determine the mix of outdoor and indoor air, the air
distribution, and the nature and state of the ducting and the filtration systems. All
possible issues, from mould growth to ozone-generating equipment or sources of standing
water, will need to be mapped and compared to patterns of occupancy and illness.

In some cases it will prove necessary to call in experts to analyse samples of the air and
from building surfaces, or to monitor pollutants, or to study airflow. Further
information about general environmental monitoring can be found in Assessing the
Environment: Specialist Investigations.
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Aside from the many passive and managerial actions that can be taken to reduce the
risk of disaster, there are a number of interventions on the building envelope that
prevent or reduce damage from flood and fire, and less common disasters such as
lightning strikes and earthquakes.

FLOOD-PROTECTION ALTERATIONS

Floodproofing can take many forms, including meticulous maintenance of plumbing
and other internal sources of water. For ground floods, where the sources are coastal
flooding, riverine flooding or flash flooding, the options are trying to divert the water
away from the building, or to stop it at or preferably before it reached the envelope. For
buildings prone to repeated ground flooding, it may also be wise to limit damage by
internal rearrangements.

IMPROVING RESISTANCE TO GROUND FLOODS

Measures to prevent or limit the damage from ground floods vary widely in cost,
effectiveness and invasiveness; no single solution is right for every building, and indeed
most would only be considered for buildings at significant risk. Modifications fall into
three groups:

e works to the surroundings to make flooding less likely
e works to the building to stop floodwaters entering
e works to the building to restrict the amount of damage if floodwaters do enter.

Factors to be considered when weighing up the cost of intervention against the likely
benefit include the types of flooding that are likely to be encountered (both sources and
duration), how often such floods may occur, how much warning is likely to be received,
and of course the exposure of the building. For example, a basement flat in a city may be
at sufficient risk from flash runoff floods, water-main bursts or blocked sewers to make it
worthwhile to install some form of permanent low barrier at the base of the door.

Making Flooding Less Likely

Most district flood prevention work is the province of the Environment Agency and
associated government organisations, but there are a number of actions that can be
taken if the building owners have access to the surrounding ground, and there are no
insurmountable issues related to historic landscapes or gardens, or buried archacology.
The most important are:

e to ensure that any existing land and building drainage is in good condition, or install
improved drainage systems

e to re-landscape to redirect surface water away from the building, and to replace
impermeable surfaces with materials that allow the water to soak into the ground.




Buildings may have little
protection against runoff floods,
which can result from burst water
mains and sewers, as well as from
heavy rainfall.

BUILDING ENVIRONMENT

Preventing Water Entering the Building
Floodwater can enter the building through:

e floors and exterior walls (especially through cracks and joints)
e windows and doors

e other apertures in the envelope, such as vents, air bricks, pipe ducts, and gaps
around piping and cabling

e partition walls from neighbouring properties
e back-lowing plumbing systems and sewers.

The first step is therefore to find some way of permanently or temporarily sealing any
flaws or apertures. Permanent actions include repairing faulty pointing, replacing
cracked cement renders, and sealing gaps around piping and cabling that passes
through the exterior walls. For apertures that have important uses, such as doors and
drainage holes, sealing methods will need to be demountable. This stops them acting if
the flood arrives without warning, so it may be necessary to consider hybrid systems if

the risk of flash flooding is very high.

There are a number of systems
designed to be applied to the
building perimeter to stop
floodwaters entering. Most
will only hold the water back
for a short time, but this may
be long enough to prevent
damage from flash floods, or
(for floods of longer duration)
to allow the building contents
to be moved or otherwise
made safe. Structural
engineers do generally advise,
however, that no more than
one metre or so of floodwater
should be held back at the
building envelope, since the
pressure exerted on the
exterior walls by more water
than this could cause
structural damage.
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508 Opver the past two centuries, the amount of energy consumed to make and operate buildings has increased
tremendously. The Industrial Revolution relied upon the exploitation of fossil fuels, starting with coal. Lower energy
costs made energy-intensive materials like glass and steel easier and cheaper to make, and as a result new architectural
systems began to replace traditional forms of construction. At the same time, developments in mechanised transport
made centralised processing and production feasible, and soon led to larger and more sprawling cities. Habits and
expectations of individuals and organisations also changed, while building operation became more energy-dependent
(see Controlling the Interior Environment, in the main text of this volume).

Energy Use & Carbon Emissions

PRACTICAL BUILDING CONSERVATION

To reduce emissions, the options are to save energy, reduce electricity use and switch to low-carbon energy supplies.

When burnt, the carbon and hydrogen in fossil fuels combine with oxygen to produce heat, carbon dioxide and water.
The quantity of carbon dioxide released in relation to the amount of energy produced (expressed as kilograms of CO,
per kilowatt-hour [kgCO,/kWh]) depends on the fuel source, and the efficiency of the system used to convert it to heat
or electricity. The percentage of emissions attributable to using electricity is very high, because on average UK thermal
power stations deliver roughly a third of the energy contained in the fuel as electricity at the point of use. In the UK
between 2005 and 2010, a typical carbon factor (the emission rate per unit of energy at the point of use) for electricity
was 0.53 kgCO,/kWh, while that for gas was 0.185 kgCO,/kWh. UK government policy is to reduce the carbon content of
national electricity generation, but this will take time to happen.

Regardless of its carbon content, saving electricity is important because of its relatively high energy cost. After
accounting for generation and distribution losses, thermal power stations in the UK deliver only about a third of the
energy contained in the fuel as electricity at the point of use (as a comparison, the efficiency of an ‘A-rated’ gas, LPG
or oil-fired boiler is around 90 %).

THE IMPACT OF THE ENERGY SUPPLY

The choice of energy supply for a building will have many effects at the national level:

® Avoided requirements
Power from local renewable generation (solar, wind or water power) may be intermittent, which means that central
supplies may be called upon from time to time. This has implications for the national supply in terms of capacity,
management and efficiency, as well as on carbon factors.

® Reduced requirements
The benefits of improved efficiency at the local or community level (for example, using electricity in heat pumps, or
fossil fuels in Combined Heat and Power [CHP] systems) may not be entirely straightforward. Energy use can increase if
a CHP is not available, or a heat pump is inefficient at the time the electricity grid is under stress because of a cold
winter spell.

e Lower-carbon fuels
Burning gas produces less carbon per kWh than burning either oil or coal, but the associated methane leaks from
production and distribution need to be properly taken into account.

® Biofuels
Biofuels must be sustainably produced, so a high proportion of the carbon released when they are burnt can be
sequestered by the growth of new crops. Unfortunately, some biofuels require high inputs of fossil fuels to produce,
and others may be provided unsustainably.




ENERGY & CARBON IN THE BUILT ENVIRONMENT

Given a particular site and context, the three most important influences on a building’s energy use in operation are:

Fabric

The principal factor to be considered is how effective the building envelope is in providing a suitable indoor environment
passively (including buffering of heat, humidity, and solar gain; providing natural ventilation and lighting via daylight).

Equipment

The equipment is the actual user of energy. This includes both the fixed building services (principally heating, cooling,
ventilation, hot water, and lighting), and the other energy-consuming equipment (for example, the computers and

appliances used for business, cooking, or entertainment).

People

Factors to consider include how the occupants maintain their buildings; the standards they consider appropriate for the

internal environment; the technical services and equipment they bring in; and how they occupy the spaces.

BUILDING ENVIRONMENT

These factors are highly
interdependent: for example, the
effectiveness of a building envelope
will critically depend on how well it
is maintained, and the control,
maintenance and operation of the
technical systems will affect fabric,
people and the amount of energy
used. The complex system of fabric,
equipment and people must be looked
at holistically if the use of energy in
the building is to be understood
and reduced.
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Measuring Thermal Performance

To fully understand how the building envelope is performing, measurement will sometimes be needed. A variety of techniques and
equipment can be used; few are technically challenging, though all demand some expert interpretation. Expertise may also be
needed to judge which factors are critical: for example, draughts can be a major source of discomfort, and therefore put greater
occupant demands on the conditioning systems, but they do not necessarily originate from air leaks; many are triggered or
exacerbated by local heating or cooling (cold air returning over the floor to replenish the hot air rising from a radiator or convector,
or downdraughts from tall, cold window surfaces).

Measurements can be made at three levels: basic (typically spot checks made with relatively easy-to-use equipment); intermediate
(requiring more time or preparation, or more elaborate equipment); or advanced (often needing specialist equipment and expertise,
and possibly disruptive and time-consuming). Only rarely will the answer to the questions being asked be so critical as to require

advanced assessment.

The table below summarises some of the main methods used to measure air infiltration, heat transfer and radiant heat exchange
when assessing the thermal performance of the envelope for an energy assessment; more details of measurement and monitoring
can be found in the main text (Assessing the Building Environment).

{ INTERMEDIATE

{ ADVANCED

AIR INFILTRATION

and windows, but via holes
and cracks, where window
and door frames meet the
walls, between floorboards
and often behind skirtings

Occurs not just through doors

Hand-held smoke sticks or chemical

smoke puffers; note that there may
i be constraints on using these in some
i historic interiors

Dry ice

: Fan pressure testing can quantify the
infiltration rate and allow targets for

i improvement to be set; specialists can
usually make tests within a few hours,
even on large buildings

Pressure testing is also valuable in the
i course of alteration work, to establish
i quality standards and to identify any
remaining sources of leakage

¢ Tracer gases or smoke tests to find rates
and routes of air circulation (latter will

i require smoke detectors to be switched
i off, and neighbours and fire authorities
to be alerted)

i All smoke generators leave deposits on
i surfaces, and so smoke tests may not
i be possible in sensitive historic interiors

HEAT TRANSFER THROUGH THE FABRIC

Tests here can be useful, but
are only practicable in cold
weather, typically November
to February

U-values are not constant, but
will vary with moisture, wind
and solar radiation

Checks of the thermal envelope can be

i made with an infrared camera, which

can draw attention to areas of excessive
heat loss

Interpretation is challenging and needs
care, especially when looking at glass
and metal

i Heat-flux sensors attached to the

i surface of the fabric at typical points,
to monitor heat movement; to
calculate U-values, exterior and interior
temperatures must also be measured

Will usually take several weeks for
readings to become steady enough for
¢ an assessment of thermal transfer

Co-heating tests, which measure

i the energy used to keep a building
at typically 25°C, are best suited for
research, as the process takes several
weeks (during which the building
cannot be occupied)

Cannot be used if the building fabric or
i contents are sensitive

The loss or gain of radiant
energy from occupants can be
difficult to measure accurately,
because not all the surfaces
in a room will be at the

same temperature

Empirical (sensation of heat loss)

Infrared cameras

Black-globe thermometer to measure
: the ‘mean radiant temperature’ at a

¢ particular point, and readings used to
i determine the ‘operative temperature’
(weighted average of air temperature
¢ and mean radiant temperature, with
allowance for air movement)




Limitations on thermal imaging

Imaging glass is particularly difficult:
glass is opaque to infrared, and it is
also highly reflective. It is perilously
easy to over-interpret thermal
images of facades: here, the same
windows imaged twice in quick
succession on the same camera
show a wide variation in ‘surface
temperature’ readings, due almost
entirely to reflectivity.

Inaccuracies must be minimised as
far as possible by controlling how
and when the image is taken, by
processing the images with care, and
finally by interpreting the results in
the light of a good understanding of
how building systems behave.

BUILDING ENVIRONMENT

REVIEWING ENERGY USE & ENERGY-CONSUMING SYSTEMS 529

The review of the energy use and equipment should include:
e annual energy consumption, by fuel and preferably by end-use

e asummary of how the building is managed and maintained, and of how the services
and equipment are operated and controlled (both centrally and locally)

e an assessment of each item of energy-consuming equipment: what is there, its size and
condition, its appropriateness to the building and the building's uses, and how it is
being operated

e a summary of how committed the building occupants and managers are to reducing
energy use

e asummary of any opportunities for making improvements, and of possible risks
and constraints.

Determining how and where energy is being used will not only make it clear what
actions would be likely to reduce consumption most effectively, but could also draw the
attention of occupants to wasteful practices and habits, obtain their detailed feedback,
and trigger simple and effective behavioural improvements.
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i ACTION { GENERAL COMMENTS

OTHER CONSIDERATIONS

REPAIR

(INCLUDING
REPOINTING & REPAIRS
TO PERMEABLE
RENDERS)

Appropriate repairs will improve airtightness and water
penetration (a dry wall will transfer much less heat); the
materials volumes in this series give information about the repair
of walls of various types

The correct intervention depends on the materials and
construction of the wall; but permeable materials such as lime
mortars and renders should always be used

Consider replacement of impermeable renders and mortars
where practicable

cavity walls

RENDERING Applying a permeable render can benefit both solid and Use only permeable materials such as lime-based mortars;
cavity walls additives such as hemp can increase insulating capacity
Renders will cut air infiltration and water penetration Rendering will alter the appearance of the building
Dry walls have much more thermal resistance Many older buildings were rendered in the past, so there may be
a precedent in historic records
PLASTERING Applying a permeable plaster can benefit both solid and Use only permeable materials such as lime-based mortars

Additives such as hemp can increase insulating capacity

INTERIOR HANGINGS
OR PANELLING

Lining the interior with thinnish sheets of permeable material,
battened off the wall, will improve thermal response and reduce
radiant heat loss

There will be an impact on appearance, and some reduction in
the usable area of the room; panelling may be difficult to detail
around original features such as decorative cornices

It is wise to design panelling to be easily openable to check the
condition of the wall behind

External wall insulation will have

a serious impact on a building’s
appearance, though if a facade is

in poor condition it may sometimes
be possible to incorporate the
measure into a sensitive programme
of improvement or restoration.

External insulation carries a high
technical risk, and so must be
meticulously well designed and
installed. The loss of water-shedding
details such as drip mouldings can
lead to water ingress, and leaks
may occur at eaves and cills, and
around pipework (note the water
stain at the corner of the window
here). This is of great concern

since the insulation will also reduce
evaporation from the wall, and may
hide signs of water problems until
they are very well established.




i ACTION

GENERAL COMMENTS

OTHER CONSIDERATIONS

INSULATION

Demands careful design, correct choice of materials, good detailing and extremely high standards of workmanship
Methods and materials will vary according to type of wall, and whether it is being insulated externally, internally or by filling a cavity
Great care must be taken to eliminate all possible moisture sources from the wall before works begin

Internal and external wall insulation will hide the condition of the wall beneath, so it is wise to consider installing time-of-wetness
sensors or other moisture monitoring to reveal problems should they occur

INTERNAL WALL INSULATION

Permeable, hygroscopic insulation would normally be preferable
Thickness may need to be limited to reduce condensation risk

Significantly reduces interior floor space, which can be
problematic in small rooms

Installation requires the occupants to vacate the building

Tends to cause problems of thermal bridging

To limit thermal bridging, partial insulation may be necessary to
upper floors, partitions and party walls where these meet the
insulated wall

Internal services, including electrical wiring and heating
pipework, may need to be rerouted

EXTERNAL WALL INSULATION

Where space is available, exterior wall insulation can safely be
made much thicker than interior wall insulation

Advantage can be taken of the thermal mass of the wall to help
buffer temperature fluctuations and reduce risks of summer
overheating if night ventilation is adequate

Can be installed while the building remains in occupation
Presents fewer problems with thermal bridges than internal
wall insulation

Insulation must be protected from the weather by a render, or
some other protection such as cladding, or hanging tiles or slates

Carries a significant risk of inducing or exacerbating liquid-
moisture problems

External pipes, gutters and other services will usually need to be
removed and altered before replacement

Detailing (especially around openings, and at cornices and eaves)
must be meticulous, since any water entering from leaks or
condensation will be trapped behind the insulation; problems
may go unnoticed until they become very serious

CAVITY WALL INSULATION

Increases the thermal resistance of the wall, but does not affect
its appearance

Least risky in dry, sheltered areas; caution is needed in sites
prone to driving rain

Loose fill materials should be used rather than foam to give some
potential for extraction (which is still extremely difficult)

Cavity walls can also be insulated internally or externally

Carries a significant risk of inducing liquid-moisture problems
If the cavities open into the roof space, they must be closed

Borescope investigations should be made to locate moisture
sources, and thermal and moisture bridges; these must be dealt
with before insulation

Not suitable for cavity walls bonded with bricks

Always use reputable contractors, and obtain appropriate
insurance-backed warranties

INSULATION OF FRAMED CONSTRUCTION

Sometimes possible when cladding or interior finishes are
removed for maintenance

Options are similar to those for insulating roofs at rafter level

If insulation is entirely within the framing, the frames will act
as thermal bridges; it is therefore best to combine insulation
between the framing with a complete skin of render or
insulation (preferably on the exterior)

BUILDING ENVIRONMENT
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summary

This guidance note provides advice on the principles, risks, materials and methods
forinsulating solid masonry walls. Traditional solid wall construction is often the
most difficult and in many cases the least cost effective part of a building to insulate.
However, adding insulation to solid walls can lead to a significant reduction in heat
loss but thought and care is needed to make sure the works are appropriate, effective
and do not cause long-term problems.

Whether applied externally or internally, this type of work can have a significant
impact on the appearance of the building. Wall insulation will also alter the technical
performance of the solid wall and can either exacerbate existing moisture-related
problems or create new ones. In some cases the technical risks of adding insulation
to solid walls will be too great and alternative ways of providing a more cost effective
long-term solution to improving energy efficiency may be more appropriate.

External insulation can be particularly difficult to incorporate into some older
buildings as costly ancillary adaptations such as changes to the eaves and verges
of roofs, drainage pipework, and window and door reveals are often required. As a
consequence such works needs a high degree of quality control.

For listed buildings any form of wall insulation is likely to require consent. For many
buildings, including those in conservation areas and national parks, external wall
insulation will usually require planning permission.
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'Introduction

Energy Planning

Before contemplating measures to enhance the
thermal performance of a historic building it is
important to assess the building and the way it is
used in order to understand:

u the heritage values (significance)
of the building

| the construction and condition of the
building fabric and building services

u the existing hygrothermal behaviour
of the building

u the likely effectiveness and value for money
of measures to improve energy performance

u the impact of the measures on significance

[ the technical risks associated
with the measures

This will help to identify the measures best suited
to an individual building or household, taking
behaviour into consideration as well as the
building envelope and services.
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Technical Risks

Altering the thermal performance of older
buildings is not without risks. The most significant
risk is that of creating condensation which can

be on the surface of a building component or
between layers of the building fabric, which

is referred to as ‘interstitial condensation’.
Condensation can give rise to mould forming and
potential health problems for occupants. It can
also damage the building fabric through decay.
Avoiding the risk of condensation can be complex
as a wide range of variables come into play.

Where advice is given in this series of guidance
notes on adding insulation into existing
permeable construction, we generally consider
that insulation which has hygroscopic properties
is used as this offers a beneficial ‘buffering’ effect
during fluctuations in temperature and vapour
pressure, thus reducing the risk of surface and
interstitial condensation occurring. However, high
levels of humidity can still pose problems even
when the insulation is hygroscopic. Insulation
materials with low permeability are not entirely
incompatible with older construction but careful
thought needs to be given to reducing levels of
water vapour moving through such construction
either by means of effectively ventilated cavities
or through vapour control layers.

The movement of water vapour through parts of
the construction is a key issue when considering
thermal upgrading, but many other factors need
to be considered to arrive at an optimum solution
such as heating regimes and the orientation and
exposure of the particular building.



More research is needed to help us fully
understand the passage of moisture through
buildings and how certain forms of construction
and materials can mitigate these risks. For older
buildings there is no ‘one size fits all’ solution,
each building needs to be considered and an
optimum solution devised.

Technical Details

The technical drawings included in this guidance
document are diagrammatic only and are used to
illustrate general principles. They are not intended
to be used as drawings for purposes

of construction.

Older buildings need to be evaluated individually
to assess the most suitable form of construction
based on a wide variety of possible variables.

Historic England does not accept liability

for loss or damage arising from the use of
this information.
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1 Issues to Consider

Before Adding

Wall Insulation

The construction, condition and thermal performance of solid walls needs to be fully
understood before adding any insulation or there could be a risk of creating long-
term problems. Solid masonry walls have very different physical and performance
characteristics to modern cavity walls. A separate guidance note is provided in this
series for older buildings with early forms of cavity wall, Insulating Early Cavity Walls.

1.1 Construction

The first step should be to identify the materials
used for external wall materials and how they
have been constructed. Many older buildings
may have three or four different types of wall
construction, reflecting different stages of
development. Construction can vary from single-
skin brickwork to stone walls as narrow as 100
mm thick up to rubble-filled walls of a metre or
more thickness. Wall materials can include
bricks of varying hardness and permeability,
dressed stone blocks of varying types, rubble
stone, flint and rammed earth. Mortars can also
be earth and/or lime based, also with wide
variations in permeability and durability.

A single wall will often contain more than one
material with quite different performance
characteristics. For example, soft porous chalk
and hard impervious flint have very different
properties but are commonly found in the same
wall. The presence of voids, irregular bonding
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patterns and concealed timbers also add to
the complexity of solid wall construction
and performance.

Theoretical models and calculations are
frequently used to understand and assess the
movement of energy and moisture through solid
walls, often using quite sophisticated computer
programmes. However, the data giving the
thermal transmittance and moisture permeability
of many traditional materials is simply not
available and calculations at present are based
upon idealised, homogenous walls. The actual
variations within the wall and the influence of
other variables, such as the presence of salts,
can make such calculations very misleading
when applied to many solid walled buildings.

If theoretical modelling is used as a basis for the
design of thermal upgrading, then accurate data
should be used and the performance should be
closely monitored after installation for

any problems.


http://www.historicengland.org.uk/images-books/publications/eehb-early-cavity-walls/

Figure 1

The first step should be to identify the external wall
materials and their form of construction. Construction
can vary from single skin brickwork to rubble filled
stone walls of a metre thickness or more. A single wall
will often also contain more than one material with
quite different performance characteristics.
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Traditional breathing performance

Most traditional buildings are made of
permeable materials and do not incorporate
the barriers to external moisture such as
cavities, rain-screens, damp-proof courses,
vapour barriers and membranes which are
standard in modern construction.

As a result, the permeable fabric in historic
structures tends to absorb more moisture,
which is then released by internal and
external evaporation. When traditional
buildings are working as they were designed
to, the evaporation will keep dampness
levels in the building fabric below the levels
at which decay can start to develop. This is
often referred to as a ‘breathing’ building.

If properly maintained a ‘breathing’
building has definite advantages over a
modern impermeable building. Permeable
materials such as lime and/or earth based
mortars, renders, plasters and limewash
act as a buffer for environmental moisture,
absorbing it from the air when humidity is
high, and releasing it when the airis dry.
Modern construction relies on mechanical
extraction to remove water vapour formed
by the activities of occupants.

As traditional buildings need to ‘breathe’
the use of vapour barriers and other
impermeable materials commonly found
in modern buildings must be avoided
when making improvements to energy
efficiency, as these materials can trap and
hold moisture and create problems for the
building. The use of modern materials,

if essential, needs to be based upon an
informed analysis of the full implications of
their inclusion in order to minimise the risk
of problems arising.

It is also important that buildings are well
maintained, otherwise improvements made
in energy efficiency will be cancelled out by
the problems associated with water ingress
and/or excessive draughts.
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1.2 Breathing performance

Traditional solid walled buildings are often
referred to as ‘breathing’ structures, meaning that
they exchange moisture readily with the indoor
and outdoor environment. Where insulation is
introduced it is important that this characteristic
is taken fully into consideration.

It is important to understand that moisture in
solid walls comes from several possible sources:

| Water from rainfall: This obviously affects
solid walls but not all internal damp is a
result of penetrating rain. With the exception
of extremely exposed locations such as on
the coast or high ground, it is unusual for
driving rain to pass through most solid walls
in good condition. Normally it will only
saturate the outer part of the wall,
which will then dry out when the rain stops

| Rising ground moisture: This can be
present in any solid wall which does not
have a physical damp proof course. In such
situations the moisture level is generally
controlled by the ‘breathability’ of the
material, which limits total moisture by
allowing the excess to evaporate
harmlessly away

| Moisture generated in the building: It is
often underestimated how much moisture
can be generated by people using a
building, simply through breathing but also
from cooking and washing. The permeability
of external solid walls also significantly
helps to buffer and control excess moisture
and condensation from these sources

Materials used in repair and maintenance must be
selected with care to preserve this permeability.
Impermeable materials - such as vapour control
layers, cement based renders and pointing and
many modern ‘plastic’ paints and coatings can
significantly impair the performance and trap
moisture. Often this will also increase problems of
damp and associated decay of the building fabric,
and possibly create health risks for the occupants.



1.3 Thermal mass

Solid walled buildings, particularly those with
thicker walls, have comparatively high thermal
capacities so they can absorb heat over time and
release it relatively slowly as the surroundings
cool down. This is the same principle as a storage
heater and can have a significant stabilising effect
on the internal environment.

Adding external insulation means little of this
heat will be lost to the exterior. This allows a
building to maintain a level of warmth over
day-night heating and cooling cycles, improving
human comfort and potentially reducing overall
energy use. Internal insulation, whilst reducing
short-term heat losses to the exterior will isolate
the internal environment from the benefits of
much of this thermal mass.

In summer, when strong sun can cause
overheating, the thermal mass of the walls cools
the interior by absorbing excess heat during the
day and releasing it slowly during the night.
This helps reduce the need for air conditioning
or mechanical cooling.

1.4 Building context

Location, aspect, and the differing exposure

of individual elevations to direct sunlight and
wind driven rain have important influences on a
building’s condition and performance which need
to be taken into account when making alterations.

Different parts of a building are affected by very
different micro-climates. For example, north
facing elevations can be subject to prolonged
damp, as they do not receive the benefit of a
drying sun and are usually sheltered from drying
winds. However, they receive little driving rain
from the prevailing south-westerly winds,

so conditions are more stable over time.

This often means that north-facing walls
deteriorate less than south and south-west facing
walls which tend to suffer from accelerated rates
of decay caused by fluctuations in temperature
and regular wetting and drying cycles.

Each building’s exposure to the elements is as
much influenced by the proximity and position
of surrounding buildings and its own projections
and extensions as by the exposure of the site.

Figure 2

Hard cement pointing has damaged these soft
permeable bricks as moisture has not been able to
easily evaporate through the mortar joints.

© Philip White.
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Figure 3

A cement render has been added to the stone wall
of this church which has caused significant damp
problems as the render has altered the permeability
of the wall.

© Robert Gowing.



For example, an identical terrace of houses can be
affected by quite varying levels of exposure and
shelter. Such complex variations in microclimate
would ideally need to be taken into account in the
design of any scheme for adding insulation.

1.5 Wall condition

If a wall suffers from prolonged damp then a
number of problems can occur such as:

u decay in timbers in contact with the masonry

[ deterioration of the external fabric of the
wall due to freezing and thawing

] movement and crystallisation of salts

[ movement of tars and other chemicals
through the walls, causing staining at
the surface

®m  growth of mould on the inside surfaces
of walls

| corrosion of metallic compounds in contact
with, or buried within, the wall

Before making any improvements, it is therefore
important to understand how solid walled
buildings ‘manage’ the movement of water,

in both vapour and liquid form. This is not only
complex in itself, but may also be affected by the
presence of soluble salts (see section 1.6).
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Most insulation systems are designed and
developed solely to limit heat loss and to avoid
interstitial condensation from water vapour
generated internally. They do not take account of
how they affect the movement of moisture and
salts already in a traditional wall. So they

can easily:

[ exacerbate existing problems

[ | create new problems, such as the
displacement of damp and salts and the
decay of timbers in contact with the walls

[ | create health risks for the occupants,
for example from mould growth

[ | be affected by the moisture, reducing their
performance and sometimes failing entirely

Where walls have been damp for a long period of
time it can take years for them to dry out.

The selection and design of insulation must take
account of the drying-out process, both before
and after installation, and the presence of residual
damp and salts.



1.6 Salts

Buildings without a damp-proof course can
be prone to damp and salt contamination,
particularly at low level, where ground salts are

carried in solution. Salts are also commonly found

around fireplaces and chimney breasts where
they originated as by-products of combustion.
They can also originate from a previous use of

a building such as from animal excrement and
storage of fertilisers in agricultural buildings.
Salts may also have been presentin the original
building materials (stone or aggregate extracted
from marine environments) or from the use of
chemicals such as caustic soda to remove paint.
In some old buildings bricks were under-fired
leaving a concentration of salts.

Many of these salts are ‘hygroscopic’, that is they
have an affinity for water and so exacerbate the
problems of damp by attracting moisture out of
the air leading to the phenomenon of surfaces
feeling ‘clammy’ to the touch. They may also re-
crystallise at drying faces with changing moisture
levels, and the related expansion within the
pores can very effectively turn sound masonry
into powder. The interface between existing
walls and added insulation can be susceptible
to cycles of evaporation, condensation and salt
crystallisation. As such locations are hidden
from view; major deterioration may have taken
place before anybody becomes aware that there
is a problem. Unfortunately salts are notoriously
difficult to effectively remove from porous
building materials such as brickwork,

masonry and plasters.
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Figure 4
Damp walls can be prone to salt contamination.
© Tobit Curteis Associates.



2 Solid Wall Insulation

Insulation may be added to existing solid walls either externally or internally, but the
physical effects on both the building fabric and the internal environment can be very
different. This is explored in more detail in the following sections.

2.1 Cost-effectiveness

The necessity to achieve sound detailing to
perimeters and openings can significantly add to
the initial base cost of both external and internal
insulation and may significantly reduce its overall
cost-effectiveness as the financial payback is
correspondingly long. Full payback periods are
typically 30 years or more, but they will inevitably
vary depending on particular circumstances.

In the majority of cases it may not be worth
considering the insulation of external walls until
the full range of easier and more immediately
rewarding upgrades have been carried out.
These would include actions such as repairing
and draught-stripping windows and doors;
insulating roofs and suspended ground floors,
and upgrading services. Most of these upgrades
will also have considerably less impact on the
character and significance of historic buildings.
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2.2 Impermeable materials

Practical experience of the repair and
conservation of historic buildings shows that the
introduction of materials and systems that do not
maintain permeability can seriously exacerbate
existing problems and or create new ones.
Examples of impermeable materials and systems
which could give rise to problems include:

[ closed cell and extruded plastic insulation
[ plastic vapour barriers

[ cement or acrylic based renders

n cement pointing

[ plastic based external wall paints

[ vinyl wallpaper

Any of these used on an external wall can trap
moisture within the wall and lead to damp and
decay, as well as making the walls feel cold and
‘clammy’. Installed on the inside, they may do
less damage to the building fabric itself, but will
negate its ability to buffer moisture levels in the
internal air. Both of these can significantly reduce
comfort for people using the building, who tend
to try to compensate by turning the heating up,
thus wasting energy.



Clearly, if the walls are already damp before
installing insulation these effects will be
exacerbated. Under these circumstances it is
particularly important to allow walls to ‘breathe’
in order to dry to the outside as effectively as
possible. Drying to the inside is significantly less
effective, and may be unpleasant for users of
the building.
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2.3 Thermal bridges

Whenever insulation is added to an existing
building there is a danger of creating thermal
bridges at critical junctions where full coverage
may be interrupted. When wall insulation is added
these weak points are typically at window and
door reveals, but with internal insulation they
may also be formed at the points where the floor
structure meets external walls.

Areas left with reduced or no insulation coverage
will not only be colder, but will also attract
relatively more condensation because the
majority of other surfaces are warmer and can no
longer share the load. The result can be severe
local decay, particularly to timber and finishes.
For example, the ends of floor joists embedded in
the external walls are at increased risk of decay
from condensation.

Great care needs to be taken to ensure adequate
detailing around window and door openings

to avoid potential thermal bridges, and this

can significantly increase the overall cost. The
necessary level of detailing can be very difficult to
incorporate in certain circumstances such as bay
windows or decorative corbelled eaves, in which
case, depending on the potential severity of the
consequences, it may even be better not to install
insulation at all.



3 External Wall
nsulation

Most external insulation systems comprise an insulation layer fixed to the outside of
the existing wall with a protective render or cladding installed on top to protect the
insulation from the weather and possible mechanical damage (impact or abrasion).

3.1 Physical adaptation of the building 3.2 Changes in the appearance and
character of a building
The increased depth of wall created by an external

render or insulation system will often require External insulation will significantly alter a
adaptation to the roof and wall junctions, around building’s appearance, even if it is already
window and door openings and the repositioning rendered. Even then, decorative architectural

of rainwater down-pipes and any services fixed features such as cornicing, string courses and

to the outside of the building. These alterations window surrounds will also be affected.

may require scaffolding access and possibly Even where the elevations are quite plain,

a temporary cover to reduce the risk of water simple alterations such as the deepening of window
penetration during the work. and door reveals and the alteration of the eaves

< Existing plaster

Solid wall

Permeable insulation

Wire mesh

Insulating lime render

Figure 5: Solid wall - External insulation

This shows a permeable solution with an insulation
such as hemp-lime or wood-fibre batts fixed to the
masonry and finished with a permeable lime render.
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lines can markedly alter a building’s appearance.
In many cases it will be necessary to actually
relocate windows and doors further forward in
the overall wall thickness in order to minimise the
danger of creating cold bridges at the reveals.

Planning permission will be required for
external insulation if the building is listed or in

a conservation area. For listed buildings, listed
building consent will also be required. Under
certain circumstances external wall insulation
can be classed as permitted development but
the local planning authority should be consulted
before any work commences.

3.3 Changes in moisture movement
within the wall

It is important that the insulation and protective
finish installed externally should have low
vapour resistance in order to retain the necessary
‘breathability’, and allow moisture to evaporate
away harmlessly. A useful rule of thumb is that all
layers of an insulated solid wall should become
progressively more permeable from the interior
to the exterior. Whilst it is important to protect
external insulation from rain, this should not

be done in any way that will trap moisture from
within the fabric or from the ground within the
solid wall material.
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3.4 Materials

For traditional buildings with highly permeable
external walls, the need to prevent impermeable
layers precludes the use of modern closed-cell
foam and other plastic-based insulations, as

well as the use of protective finishes which bar
moisture vapour movement. As most suitable
external insulations will also need to be protected
from external rain and from mechanical damage,
external insulation should normally be considered
as a two-component system where all layers need
to work together in harmony.

Useful materials for the external insulation
itself include:

[ Hemp-lime composites
[ ] Mineral wool
[ ] Wood-fibre panels

All these insulation materials need to be
protected from both the weather and mechanical
damage, although to differing degrees. Suitable
moisture-permeable finishes include:

[ | Lime renders

[ Rain-screen cladding (tile hanging etc) with
lapped joints

Materials which can be used as a single coat

are available, such as insulating lime renders
containing expanded vermiculite, but these tend
to give significantly lower insulating values.
They can, however, sometimes be applied in
circumstances where other types of external
insulation would be detrimental to the character
of a historic building.

If impermeable ‘vapour closed’ insulation systems
are being used then careful detailing and quality
control on site is vital to prevent moisture

finding its way between the external wall and the
insulation layer. Such systems often depend on
mastic sealants which can have a limited lifespan.



Internal wall insulation is usually applied directly
to the inner face of the external wall and then a
finish is applied to the room side. Rigid insulation
boards can often be fixed directly to the wall

face itself, and then the finish applied to conceal
them without any additional structure. In its most
convenient form, plasterboard can be obtained
with a factory-applied insulation backing which
can be fixed to the inner face of the wall, often on
battens providing a small air gap. Although such
systems alone do not offer very great thermal
performance they can significantly reduce radiant
heat loss and energy use.

___l

nternal Wall
nsulation

For larger thicknesses of insulation, rigid or
non-rigid insulating materials can be installed
between timber studs or battens fixed to the

wall with the new internal finish applied to the
timber structure. Occasionally, the structure and
insulation may be erected as a separate inner leaf,
with a ventilated cavity between the insulation
and the original wall. In all cases it is necessary to
carefully consider the control of vapour from the
warm internal air entering and condensing on the
cold side of the insulation, or within vulnerable
parts of the external solid wall.

ﬁ(. **+ Vapour excluded

Solid wall

Existing plaster retained

Impermeable rigid insulation
fixed mechanically or with adhesive dabs

Air and vapour control layer

New plaster

Figure 6: Solid wall - internal insulation

Arigid non-permeable insulation is shown here

fixed either with adhesive dabs or mechanically fixed.
A vapour control layer is added to the room side face
before plastering. Care needs to be taken to make
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sure this layer is not punctured by fittings or fixtures
otherwise water vapour could find its way into the
construction and condense on the cold side of

the insulation.



4.1 Physical adaptation of the building

As with external insulation, care needs to be
taken with the design and installation of internal
insulation at critical details in order to avoid cold
bridging, particularly at the reveals of windows
and doors and wall/floor junctions. It is also often
necessary to relocate services (radiators and
associated pipe runs, electric power points and
light switches) as well as making adjustments to
skirting boards and door architraves.

The construction of a separate insulated inner
leaf could include ventilation to the cavity.
However, there is a risk that there will be
insufficient air movement within the cavity and
any vents could alter the character or appearance
of the building. There is no point in ventilating
such a cavity to the inside of the building, as the
air movement will simply by-pass the insulation,
rendering it ineffective.

Thick, high-performing internal insulation
installations will often significantly reduce the
floor area of rooms and corridors, sometimes to
the extent that they cannot be used as before.

4.2 Changes in the appearance and
character of a building

Significant internal features such as plaster cornices,
picture rails, skirting boards and door architraves
may all be affected by internal wall insulation.
They will inevitably be either concealed or disturbed
to accommodate the insulation. Although it is
normally possible to replicate such details on

the inner face of the new insulation, the effect

of revised room proportions on the design of
adjacent wall finishes needs to be carefully
considered at the design stage, as the side walls
of an insulated room will become shorter.

300mm of insulation

/ between floor joists

Potential
cold bridge
if no insulation

Existing ceiling
Sealing tape to ensure ait-tightness

Wood fibre insulation and lime plaster

External wall

Figure 7: Thermal break at floor junction
To avoid a thermal break at a floor junction insulation

should be added within the perimeter of the floor zone.

Itis also important to seal insulation at junctions with
the ceiling to maintain air-tightness.
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Q{,...--""’- Vapour excluded

Solid wall

Existing plaster retained

Cavity

il

Rigid insulation

Air and vapour control layer needed

if impermeable insulation is used

New plaster or plasterboard

{...--"”"'“Vapourexcluded

Solid wall

Existing plaster retained

Quilt or rigid insulation

Air and vapour control layer

New plaster

Figure 8 (top): Solid wall - Internal insulation

with cavity

The insulation here is kept entirely separate from the
external wall by means of a cavity. If impermeable
insulation is used then a vapour control layer would
still be recommended as the air movement within the
cavity might be quite minimal. With this arrangement
the benefits of the wall’s thermal mass are lost.
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Figure 9 (bottom): Solid wall - Internal insulation
with timber battens

The use of timber battens can allow other types of
insulation to be used other than rigid insulation. In
some proprietary systems the battens have insulation
bonded to them to minimise cold bridging through the
timber. Quilt insulation can be held in place between
the battens or materials such as cellulose can fill the
cavity. A vapour control layer is shown in this detail as
the insulation is non- permeable.

15



The disturbance to the internal appearance can
be compounded by the need to extend insulation
back from the external wall onto party walls,
other internal walls, floors and ceilings to reduce
the risk of thermal bridging.

In listed buildings, consent will be required for
any internal alterations that affect the appearance
and character, including any materials,

details and finishes of historic or architectural
interest. In many cases this may make the
installation of insulation unacceptable.

' < |

4.3 Changes in moisture movement
within the wall

In order to prevent condensation occurring on the
cold side of internal ‘vapour-closed’ insulation

it is necessary to separate it effectively from

the warm moisture-bearing air of the building’s
interior. This will require the use of an effective
vapour control layer. Alternatively, a ‘vapour
open’ permeable system such as wood-fibre

can be used where no vapour control layers

are needed.

Effective vapour control is very difficult to achieve
in practical terms. Air and vapour control layers
are positioned on the warm side of the insulation
behind the new finish. As a consequence these
membranes are easily damaged by building users

(..--"""'"- Vapour excluded
N

}

T ——— Solidwall

| —————— Existing plaster retained

25mm services zone minimises

risk of damage to air and vapour
control layer

Impermeable foil faced

rigid insulation

Timber battens

<——— Plasterboard

Figure 10: Solid wall - Internal insulation with services zone

An impermeable foil back rigid insulation board is
shown here with battens fixed over. These provide a
fixing for the plasterboard without puncturing the foil-
face as well as providing a services zone.
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making fixings in walls or modifying electrical
fittings. They can also be punctured during the
construction process itself. All penetrations can
allow moisture vapour through, which can
condense either within or adjacent to the
insulation, potentially causing rot and decay in a
hidden location. Closed-cell foams are inherently
vapour-impermeable, but are vulnerable to
vapour penetration at the joints.

Both forms of vapour control are also vulnerable
at the perimeter, particularly in a traditional
permeable structure, where moisture can by-pass
the physical vapour barrier through adjoining
walls and floors. However, many of these
problems can be overcome by using insulation
systems such as wood-fibre that are hygroscopic
and ‘vapour open’.

J Vapour permeable

Lime plaster

Wood fibreboard insulation

Existing lime plaster replaced

depending upon evenness

Solid wall

Figure 11: Internal solid wall insulation (with no vapour control layer)

This shows a fully permeable insulation system using
wood-fibre board and lime plaster. A new lime plaster
may need to be added to the existing wall to provide
an even surface if the existing plaster surface is
particularly uneven or is made of gypsum.

<< Contents

17



4.4 Materials

Almost any insulation material available can

be used internally, subject to proper control of
vapour and careful isolation from sources of any
dampness. The full range of possible internal
finishes can also be applied, either to copy the
original or to introduce a new design.

New insulation products are continually

being developed, particularly those that have

a very minimal thickness (around 10mm).

The benefits of such products to reduce overall
energy consumption can be small and relatively
expensive. However, what they can do is make

a room feel more comfortable by reducing
radiant heat loss, raising the surface temperature
of the walls and possibly reducing the risk of
condensation occurring on the decorated surface.

In all cases, it is important to understand the
likely effects of proposals at the design stage in
order to avoid damage to both new and valuable
historic building fabric.
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Figure 12 (top)

Permeable insulation such as this wood-fibre board
are compatible with the ‘breathable’ nature of
traditional construction.

Figure 13 (bottom)
Closed cell insulation bonded to plasterboard.



5 Where to

This guidance forms part of a series of thirteen
documents which are listed below, providing
advice on the principles, risks, materials and
methods for improving the energy efficiency of
various building elements such as roofs, walls and
floors in older buildings.

This series forms part of a wider comprehensive
suite of guidance providing good practice advice
on adaptation to reduce energy use and the
application and likely impact of carbon legislation
on older buildings.

The complete series of guidance is available to
download from the Historic England website:
HistoricEngland.org.uk/energyefficiency

Roofs
u Insulating pitched roofs at rafter level

| Insulating pitched roofs at ceiling level
u Insulating flat roofs

| Insulating thatched roofs

| Open fires, chimneys and flues

| Insulating dormer windows

<< Contents

19

Get Aavice

Walls

] Insulating timber-framed walls

[ Insulating solid walls
[ Insulating early cavity walls

Windows and doors

u Draught-proofing windows and doors
u Secondary glazing for windows
Floors

[ Insulating suspended timber floors

[ Insulating solid ground floors

For information on consents and regulations for
energy improvement work see
historicengland.org.uk/advice/your-home/
saving-energy/consent-regulations/


https://historicengland.org.uk/advice/technical-advice/energy-efficiency-and-historic-buildings/
https://www.historicengland.org.uk/images-books/publications/eehb-insulating-pitched-roofs-rafter-level-warm-roofs/
https://www.historicengland.org.uk/images-books/publications/eehb-insulating-pitched-roofs-ceiling-level-cold-roofs/
https://www.historicengland.org.uk/images-books/publications/eehb-insulating-flat-roofs/
https://www.historicengland.org.uk/images-books/publications/eehb-insulating-thatched-roofs/
https://www.historicengland.org.uk/images-books/publications/eehb-open-fires-chimneys-flues/
https://www.historicengland.org.uk/images-books/publications/eehb-insulating-dormer-windows/
https://www.historicengland.org.uk/images-books/publications/eehb-insulating-timber-framed-walls/
https://www.historicengland.org.uk/images-books/publications/eehb-insulating-solid-walls/
https://www.historicengland.org.uk/images-books/publications/eehb-early-cavity-walls/
https://historicengland.org.uk/images-books/publications/eehb-draught-proofing-windows-doors/
https://www.historicengland.org.uk/images-books/publications/eehb-secondary-glazing-windows/
https://www.historicengland.org.uk/images-books/publications/eehb-insulation-suspended-timber-floors/
https://www.historicengland.org.uk/images-books/publications/eehb-insulating-solid-ground-floors/
https://historicengland.org.uk/advice/your-home/saving-energy/consent-regulations/
https://historicengland.org.uk/advice/your-home/saving-energy/consent-regulations/

5.1 Contact Historic England

East Midlands

2nd Floor, Windsor House

Cliftonville

Northampton NN1 5BE

Tel: 01604 735460

Email: eastmidlands@HistoricEngland.org.uk

East of England

Brooklands

24 Brooklands Avenue

Cambridge CB2 8BU

Tel: 01223 582749

Email: eastofengland@HistoricEngland.org.uk

Fort Cumberland

Fort Cumberland Road

Eastney

Portsmouth PO4 9LD

Tel: 023 9285 6704

Email: fort.cumberland@HistoricEngland.org.uk

London

1 Waterhouse Square

138-142 Holborn

London EC1IN 2ST

Tel: 020 7973 3700

Email: london@HistoricEngland.org.uk

North East

Bessie Surtees House

41-44 Sandhill

Newcastle Upon Tyne NE1 3JF

Tel: 0191 269 1255

Email: northeast@HistoricEngland.org.uk

North West

3rd Floor, Canada House

3 Chepstow Street

Manchester M1 5FW

Tel: 0161 242 1416

Email: northwest@HistoricEngland.org.uk
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South East

Eastgate Court

195-205 High Street

Guildford GU1 3EH

Tel: 01483 252020

Email: southeast@HistoricEngland.org.uk

South West

29 Queen Square

Bristol BS1 4ND

Tel: 0117 975 1308

Email: southwest@HistoricEngland.org.uk

Swindon

The Engine House

Fire Fly Avenue

Swindon SN2 2EH

Tel: 01793 445050

Email: swindon@HistoricEngland.org.uk

West Midlands

The Axis

10 Holliday Street
Birmingham B1 1TG
Tel: 0121 625 6870

Email: westmidlands@HistoricEngland.org.uk

Yorkshire

37 Tanner Row

York YO1 6WP

Tel: 01904 601948

Email: yorkshire@HistoricEngland.org.uk


mailto:eastmidlands%40HistoricEngland.org.uk?subject=Guidance
mailto:eastofengland%40HistoricEngland.org.uk?subject=Guidance
mailto:fort.cumberland%40HistoricEngland.org.uk?subject=Guidance
mailto:london%40HistoricEngland.org.uk?subject=Guidance
mailto:northeast%40HistoricEngland.org.uk?subject=Guidance
mailto:northwest%40HistoricEngland.org.uk?subject=Guidance
mailto:southeast%40HistoricEngland.org.uk?subject=Guidance
mailto:southwest%40HistoricEngland.org.uk?subject=Guidance
mailto:swindon%40HistoricEngland.org.uk?subject=Guidance
mailto:westmidlands%40HistoricEngland.org.uk?subject=Guidance
mailto:yorkshire%40HistoricEngland.org.uk?subject=Guidance

This page is left blank intentionally

<< Contents 21



PO
M Historic England
istoric Englan

We are the public body that looks after
England’s historic environment. We champion
historic places, helping people understand,
value and care for them.

Please contact
customers@HistoricEngland.org.uk
with any questions about this document.

HistoricEngland.org.uk

If you would like this document in a different
format, please contact our customer services
department on:

Tel: 0370 333 0607

Fax: 01793 414926

Textphone: 0800 0150174

Email: customers@HistoricEngland.org.uk

Please consider the environment before printing
this document

HEAGO81

Publication date: v1.0 March 2012 © English Heritage
Reissue date: v1.1 April 2016 © Historic England
Design: Gale & Hayes/Historic England

<< Contents


mailto:customers%40HistoricEngland.org.uk?subject=
http://www.HistoricEngland.org.uk
mailto:customers%40historicengland.org.uk?subject=







\






PATHOLOGY MANAGEMENT SERVICES

ROSE MILL. UNION STREET. MIDDLETON. MANCHESTER M24 6DD
TEL: 0161 643 5330
Web Site: www pathology-management.co.uk
Email: path.man®hotmail.com

Our Ref.: RFG0046

EEC O2 Ltd
Suite 9

The Green
Fountain Square
Macclesfield
Cheshire

SK10 1JN

MICROBIOLOGY REPORT ON SWABS RECEIVED & TESTED: 29/12/23
Sample Arrival Temperature: ChilledC

LABNo SITE TESTS RESULT
FMF322 Kitchen Door Total Viable Count (Sop-s18-001) {Aerobic) 6.3 x 10° cfu/swab
Enterobacteriaceae (SGP-MB-003)(Presumptive) 6.0 x 10" cfu/swab
Moulds ¢sop-mB-00s) >1.0 x 10% cfu/swab
Sampled: 28/12/23 Enterococci (sor-MB-010) <1.0 x 10! cfu/swab
Time Taken: **:* E.coli (SOP-MB-015)(B-glucuronidase positive) 4.0 x 10" cfu/swab
FMF323 Green Line Total Viable Count (SoP-sMB-001) (Aerobic) 8.1 x 10° cfu/swab
Enterobacteniaceae (SOP-MB-003)(Presumptive) <1.0 x 10" cfu/swab
Moulds (sop-ms-00s) 2.7 x 102 cfu/swab
Sampled: 28/12/23 Enterococci (sop-ms-010) <1.0 x 10! cfu/swab
Time Taken: **:** E.coli (soP-MB-015)(B-glucuronidase positive) <1.0 x 10' cfu/swab
FMF324 End Wall Rock Room  Total Viable Count (SGrP-MB-001) (Aerobic) 6.3 x 103 cfu/swab
Enterobacteriaceae (SOP-MB-003)(Presumptive) 1.8 x 102 cfu/swab
Moulds (sop-ra-008) 6.6 x 102 cfu/swab
Sampled: 28/12/23 Enterococci (sop-Ma-ni0) <1.0 x 10' cfu/swab
Time Taken: **:** E.coli (SOP-MB-013)(B-glucuronidase positive) 1.0 x 10! cfu/swab
FMF325 Side Wall Rock Room Total Viable Count (Sop-a8-001) (derobic) 7.7 x 10? cfu/swab
Enterobacteriaceae (SOP-MB-003)(Presumptive) 2.1 x 10? ¢fu/swab
Moulds (sop-s8-008) 8.7 x 102 cfu/swab
Sampled: 28/12/23 Enterococci (sop-mB-010) <1.0 x 10! cfu/swab
Time Taken: **:** E.coli (soP-MB-015)(B-glucuronidase positive) <1.0 x 10' cfu/swab
FMF326 Behind Loo Total Viable Count (SGr-MB-001) {derobic) 9.5 x 10¢ cfu/swab

Sampled: 28/12/23
Time Taken; **:**

Enterobacteriaceae (SOP-MB-003)(Presumptive)
Moulds sop-sMs-008)

Enterococci sop-ms-010)

E.coli (SOP-MB-015}(B-glucuronidase positive)

3.0 x 10! cfu/swab
8.6 x 10% cfu/swab
<1.0 x 10" cfu/swab
9.0 x 10! cfu/swab

This report will not be reproduced without the approval of Pathology Management Services

o before a result denotes this an estimated count of bacteria growth.
I alidity of resnits can not be guaranteed when traceability of the swab 15 not achievable or when the sample time & date exceed the permissible 2thour timeframe.
Such results will be deemed invalid and the report will carry a disclaimer 1o this effect.
Samples tested as received on arrival at the laboratory

Authorised by:

D. Andrew BA (Hons) (Proprietor) T. Rutter BSc (Hons) (Lab Manager)

R. Smith BSc (Hons) .
Report Date: 03 January 2024

(Quality Manager)
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