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Introduction

Stonecleaning: an overview

Ofall the changes to which buildings can be subjected, stonecleaning
is one of the most visually dramatic. It is a process which changes
not only the fundamental appearance of buildings but also the
environmental context in which these buildings exist.

Over the last decade, stonecleaning has grown into a multimillion
pound industry, although the history of stonecleaning can be traced
back much further. Much of the more recent stonecleaning activity
has taken place as part of urban renewal and regeneration
programmes. Without the visualimprovements which stonecleaning
hasbroughtabout, valuable parts of the urban fabric may well have
been lost to redevelopment. Stonecleaning work has been
encouraged by a number of grant awarding bodies, partly because
of the assumed aesthetic benefits which are thought to accrue from
stonecleaning, and also as an attempt to regenerate economically
depressed urban areas. Stonecleaning has brought about dramatic
improvements in the appearance of many urban buildings,
particularly in cities blackened by the industrial pollution of the
past. The colour of stonework and the architectural detailing of
buildings becomes more apparent following cleaning. The net
result of this activity has been to stimulatea prideand interestin our
architectural heritage which it is difficult to imagine any other
activity doing to the same extent. Stonecleaning has also had a less
tangible “psychological” effect in urban areas. For example,
following stonecleaning thereflected light at streetlevelisincreased,
leading to a brighter, less oppressive atmosphere. The inhabitants
of many tenement properties have welcomed the improvement to
their living conditions which stonecleaning has brought. In many
cases these improvements have been part of general refurbishment
programmes.

Whilst the visual improvements brought about by stonecleaning
should not be underestimated, neither should be the dangers.
Increasingly, concerns have been expressed at the irreversible
damage caused to some buildings by stonecleaning. Evidence
abounds of situations where unskilled operatives, using
inappropriate techniques and undue haste have caused permanent
damage to buildings. The situation is often exacerbated by the
process of tendering for stonecleaning contracts, where the unwary
client simply choses the lowest tender price without detailed
consideration of the possible implications of that decision. In this
situation the reputable stonecleaning company, which is more
likely to devote greater time, care and resources to the contract,
cannot match the price of the unscrupulous operator whose
motivation is solely financial. The consequence of this has been that
some of the more reputable companies have withdrawn from
stonecleaning work, leaving the way clear for the less scrupulous.

Whilst in the past there have been no established mechanisms in
place for the training or licensing of stonecleaning contractors, this
is currently being addressed by the more reputable companies and
the standard setting bodies. However, it is possible to purchase,
without restriction, equipment and chemicals capable of doing
great damage to masonry.




Research basis for the guide

Concern at the damage done by stonecleaning has centred around
anumber of issues. These have mainly involved the lack of scientific
knowledge and the possible long term effects. It is widely accepted
that where buildings are cleaned, the process should be carried out
by competent practitioners with the appropriate knowledge base
and skills, particularly where buildings important to the national
heritage are involved. The evidence so far suggests that sections of
the industry have some way to goinreaching acceptable standards.
In 1989, partly as a response to this growing unease, Historic
Scotland and Scottish Enterprise commissioned the Masonry
Conservation Research Group at The Robert Gordon University to
undertake research into the physical, chemical and aesthetic effects
of the cleaning of sandstone buildings. In 1992 the results of this
research were published (Webster et al.,1992).

The guide for practitioners

Following publication of the research findings, the Masonry
Conservation Research Group undertook a further commission to
produce this guide, based on theresearchreportand the proceedings
of the stonecleaning international conference (Webster, 1992) . The
aim in writing this guide has been to help those involved in
stonecleaning to make better informed decisions, thus avoiding
some of the mistakes and damage which has occurred in the past.
The guide follows from the Historic Scotland publication;
Memorandum of Guidance on Listed Buildings and Conservation
Areas (1993), giving further clarification on issues relating to
stonecleaning.

Every building considered for stonecleaning will differ overarange
of parameters including, for example, stone type, surface texture,
architectural style, microclimates, and the nature and pattern of
soiling. As such, each will pose a different set of problems when
cleaning is being considered. As a result, it has not always been
possible to give answers to specific questions but, by considering
theseguidelines, the practitioner should arriveatamoreappropriate
solution to many of the problems likely to be encountered.

It should be stressed that many of the problems highlighted in this
guideshould not occurif, following an informed decision to proceed
with cleaning, the work is carried out by skilled, properly trained
personnel, using appropriate methods and following set guidelines.
However, the end result of stonecleaning is very much dependent
on theskill of individual operatives working with a comprehensive
knowledge of the processes involved. The approach adopted
throughout this guide is one which stresses that any stonecleaning
undertaken should resultin aslittle damage as possible to the fabric
of buildings.

If the damage caused and mistakes made in the past are to be
avoided, the standards within some sections of the stonecleaning
industry must be raised. This will mean commitment within the
industry toanumber of changes. A key element will be the continual
updating of the knowledgebaseasaresult of on-going researchinto
stonecleaning, as well as changes in working practice as a result of
improvingknowledge. The training needs of thoseactively involved
instonecleaning must beaccurately identified and met. Additionally,
the care and attention given to stonecleaning work must, at the very
least, be on a par with the range of other work undertaken by the




building industry. Where stonecleaning forms part of a contract of
work, the proportion of the budget devoted to this activity should
reflect its importance.

If standards are to be improved, there must also be commitment
from building professionals, planning authorities and clients. All
professionals must be more aware of the aesthetic and physical
implications of the stonecleaning work with whichthey areinvolved.
The formulation of appropriate specifications, based on reliable
and relevant scientific data, as well as close supervision of work are
paramount. Planning authorities should set up data bases in which
to hold information from the inspection of stonework and reports
produced in connection with the application to clean and any
subsequent cleaning activity. This will enable authorities gradually
to build up a store of knowledge which will help them to assess the
risks and predict areas of potential damage when an application is
submitted. Clients must also be prepared to fund stonecleaning
work at a level which reflects the need for improved standards.
Some of the damage caused by stonecleaning in the past is the
responsibility of clients, who have demanded unrealistic, and often
undesirable levels of cleanliness from stonecleaning.

Stonecleaning is a complex issue. In the past some stonecleaning
work has been undertaken without sufficient thought to the
consequences. The issues involved and the historic value of much
of the architecture which is stonecleaned, demands careful
consideration from all parties. This guide for practitioners will help
thoseinvolved instonecleaning make more fully informed decisions.







Chapter 1 Sandstones

1.1 Sandstone

Sandstone is a sedimentary rock. It is formed from mineral grains
derived from the erosion of pre-existing rocks, which are transported,
then deposited in a sedimentary basin by the action of water, wind
orice. Thegrainsareeither held together with a cementorembedded
inafinegrained silty matrix (Figure 1.1). The types of mineral grains
ina sandstone are highly variable. The most common constituent is
quartz. It is the principle constituent of most sandstones and may,
in some rare cases, constitute 100% of the rock. Other mineral types
commonly found in sandstone include feldspars, micas, clay
minerals, carbonates and iron oxides. Rock fragments are also
relatively common. Sediments can also include organic material,
chemical precipitates (salts) and volcanic ashes. Although the list of
commonly occurring minerals in sandstones is relatively short, in
principle almost any known mineral may occur. The minerals most
commonly found in sandstones are those which are most resistant
to decay and are best able to survive the processes of erosion,
transportation and deposition.

The formation of sandstones

Sedimentary rocks are formed inlayers which accumulate on top of
each other over long periods of time. Sedimentary units are seldom
flatand uniform. There are a wide variety of sedimentary structures
which can causelocal variations in the characteristics of a sandstone.
The most common of these are ripples and dunes, formed when
sands are deposited by water or wind currents. These structures are
seen in sandstones as cross-bedding. Deformational structures can
also form after deposition due to movements within the sediment.

The size of particles which make up sandstone vary between about
0.06 and 2mmindiameter. The grains withinanindividualsandstone
may be uniform in their size distribution. More often, a mixture of
differently sized particles occurs. As sand grains are transported
they become more rounded. Sandstones formed of grains derived
fromalocal source tend to contain a mixture of angular grains. If the
grains are transported for longer distances or for a greater length of
timebeforedeposition, they becomemorerounded, and less resistant
minerals are lost, leaving the sediment dominated by quartz. After
deposition the sediment consists of loose sand grains and pore
spaces filled with air or water. As the sediment becomes buried,
processes of lithification turn the sediment into sedimentary rock.
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Figure 1.1 Structure of a typical sandstone.

Sandstone cements

It is the cement which, to a large extent, determines the weathering
resistance of a sandstone. The cement holds a sandstone together by
binding the mineral grains. The cement often does not completely
fill the voids between grains but leaves gaps called pores which
allow the free circulation of fluids within the sandstone. It is this
porosity which canenhance the weathering rate of some sandstones.
A rock such as granite, while it is mineralogically almost identical
withsomesandstones, has virtually no porosity and is moreresistant
to weathering. Any onesandstone can contain a number of different
cements deposited at different times. It is rare for the pore space in
a sandstone to be completely filled. Porosities in sandstones range
from virtually zero up to about 30-35%. Values in the range 15-20%
are common. A large variety of minerals may occur as cements.

Sandstones can be classified according to their cements:
Siliceous - Silica (quartz) cements.

Ferruginous - Iron oxide cements.

Argillaceous - Clay cements.

Calcareous - Calcite cements.

Dolomitic - Dolomite cements.

Siliceous sandstones are generally durable. These sandstones are
cemented by silica (or quartz) which is deposited in the pore spaces
of therockleadingtoa very strongly bonded sandstone. Ferruginous
sandstones owe their red colour to the iron oxide cements they
contain. It takes only a very small amount (a few percent) of iron
oxide to colour the stone and often the rock will contain other
cement types (e.g. silica). Argillaceous sandstones often have very
poor resistance to weathering. Calcareous and dolomitic cements
are moderately resistant to natural weathering but are rapidly
attacked by acidic water.




Classification of sandstones

Sandstones are defined as sedimentary rocks whose grain sizeisin
the range 0.06 to 2 mm in diameter. Sandstones are classified on the
basis of their mineralogy (Pettijohn, Potter and Siever, 1973).
Sandstones contain variable amounts of fine-grained, silty (<30 um
(30/1000 mm)) matrix material. Those sandstones with >15% silty
matrix are called wackes, those with less are termed arenites.
Within each of these two groups the sandstones are subdivided
according to the mineralogy of their constituent grains. The
classification scheme is illustrated in a diagram where the three
most common grain types:- quartz, feldspar and rock fragments,
are plotted at the three vertices of a triangle (Figure 1.2). The
vertices represent 100% of the particular component. All possible
mixtures of these three components then plot inside the triangle.
Within this classification, sandstones can be further sub-divided in
terms of the cements they contain.

Colour variation in sandstones

Sandstones vary considerably in colour depending on their
mineralogy. Pure quartz sandstones are white in colour. The
presence of other minerals leads to colouration in the stone. Red
sandstones contain iron oxides. Other iron containing minerals can
give sandstone brown, orange or yellow colouration. The presence
of clay causes grey and brown tints.

Sandstone quarrying

The number of operational sandstone quarries in Britain has
decreased since the turn of the century. A survey by Leary (1986)
found 58stillin production. The way stoneis extracted is determined
in part by the way in which the sandstone beds have been laid
down. Several different methods of removing the stone from the
bedding planes have be used. The aim is to extract from the quarry
large rectangular blocks of stone, free from imperfections, which
can then be cut and dressed as required.

quartz arenite
sub arkose

sub litharenite

arkose

arkosic arenite

lithic arenite

Quartz

AREN

S

quartz wacke

5

arkosic wacke

lithic greywacke

feldspathic greywacke

Feldspar

50

(4
Rock fragments

Figure 1.2 Classification scheme for sandstones (Pettijohn, Potter and Siever, 1973 and Greensmith, 1979).




Sandstone finishes

Sandstones used for construction purposes can have a variety of
different finishes. The nature of the finish influences the way in
which soiling is deposited on the surface, and hence the visual
appearance of soiled sandstone buildings. On tooled surfaces,
soiling tends to be deposited in a manner determined by the carved
surface formed by the tooling instrument. The visual effect produced
by soiling is influenced by the amount of soiling, the nature of the
finish applied to the stone, and the way in which soiling has been
deposited on the stone. The British Standard Institute (BS 5390) lists
a number of surface finishes and pointing to stone. Commonly
applied sandstone finishes include (Figure 1.3):

Polished These surfaces are machined to give a smooth even
finish, devoid of any tool marks. Polished finish
can be left either matt or reflective.

Stugged These finishes are hand worked using a pointed
tool and mallet to produce small indentations over
the entire surface.

Rockfaced Produced by sharp blows to the edge of the stone
using a pitching tool and hammer giving a natural
rock faced appearance.

Droved Hand or machine made shallow furrows are
produced on the stone surface to give a regular,
grooved finish to the stone.

Boasted A range of regular patterns can be produced by the
use of a pneumatic hand held chisel being heavily
applied to the stone surface.

Polished Stugged Rockfaced

Droved Boasted

X\\\\

Figure 1.3 Different finishes applied to the surface of sandstones.
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Bedding planes

Sandstones are laid down in beds, one on top of the other, forming
a series of horizontal bedding planes. Wind and water currents
which deposited the grains of sandstone can formlocalised diagonal
cross-bedding patterns. Bedding patterns have important
implications for the way in which stone is cutand used in buildings.
When a stone is cut from the quarry face it is split along its natural
bedding plane. In most situations the stone is laid according to its
natural bed, so that pressure from the stoneaboveitis perpendicular
to the bedding plane. This gives the stone greater strength than if it
is “face” or “edge” bedded where the bedding plane is placed
vertically. A simple analogy can be made with the leaves of a book.
Ifabookislaid flat, pressure can be applied from above withoutany
ill effects. If the book is placed upright and pressure applied from
above, the leaves bend, open out, and the book collapses. Pressure
is acting along the bedding plane in face or edge bedded stone. This
tends to force open the stone along its bedding plane, and cracks
appear in the stone (Plate 1.1). Water can then travel more freely
down vertical sections of the stone leading to spalling.

Thebuilder, trying to produce a smooth outer surface on a wall with
minimal tooling, may inadvertently bed the stone on face or edge in
order to expose a smooth surface. This phenomenon is surprisingly
common. With natural bedding, the height of the stone available is
limited by the depth of the bedding planes in the quarry. In some
situations the builder may have to use face or edge bedding for this
reason, or to reduce the number of stones needed (and hence the
number of joints) on free standing columns and mullions.

Plate 1.1 Cracks apearing in sandstone due to pressure acting
through the bedding plane.



Chapter 2 The soiling of building facades

2.1 Building soiling

The soiling of building facades is a complex phenomenon which
takes place at or near the surface of the stone and leads to a change
intheappearance of the facade. This soiling can, for convenience, be
sub-divided into two main groups, soiling caused by airborne
particles and biological soiling due to the presence of microscopic
flora. In practice, both types of soiling are likely to be present on
stone surfaces, either separately or in combination. It is well
recognised that soiling may be one cause of stone decay, leading to
a loss of surface material. Alternatively, the soiling may take the
formof surface discoloration which, although sometimes unsightly,
need not necessarily result in damage to the stone surface.

Over the course of many decades of exposure to the elements,
stones build up a patina on their surface which is not merely the
accumulation of soiling material. Wetting and drying cycles cause
mineralogical changes near the stone surface which, combined with
external agencies such as soiling and pollutants, develop into a
more or less stable surface zone of variable depth. Behind this
patina, zones of varying mineralogical composition are often formed.
Removal of this patina is not necessarily damaging to the stone in
itself, but it is sometimes the case that a hard surface crust conceals
underlying decay. Removal of the crust in such circumstances may
result in serious damage to the stone, necessitating extensive
replacement or repair. Colour changes may occur as a consequence
of mobilisation of previously stable mineral assemblages under the
surface of the stone. Re-establishment of the stable patina on a stone
may take many years or decades.

Soiling does not occur in a uniform manner across the entire surface
of abuilding. The nature of the surface material and the presence of
architectural features, as well as micro-climatic effects, influence
the water run-off patterns on the facade. These zones of water run-
off,inaddition to more protected areas (forexample under projecting
ledges) dictate the main areas of localised soiling, as well as, insome
cases, creating localized areas of stone decay. In many instances the
soiling over flat areas of facades is not uniform. Adjacent stones,
apparently similar, can exhibit marked differences in soiling
intensity. It is likely that this is influenced by the porosity, pore size
distribution, capillary system, surface tension forces, and surface
texture of the stone. These characteristics affect the absorption and
evaporation of moisture in the stone. Little research work has been
conducted on this phenomenon to date. From careful examination
of the pattern of soiling on a building’s facade, it is often possible to
get some understanding of the reason why the building has soiled
in the way it has. This understanding is important for two main
reasons. Firstly, the distribution of soiling gives clues as to how the
building is likely to be affected by cleaning. For example, areas
subjected to frequent wetting which take longer to dry out, may
remaindiscoloured following cleaning. Inaddition, thedistribution
of soiling gives some indication of the likely nature and pattern of
resoiling following cleaning.
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2.2 Non-biological soiling

Atmospheric constituents and pollutants

Theatmosphere contains many types of pollutants, both naturally
occurring, such as airborne soil particles, and many types of man-
made pollutants, for example soot, industrial chemical emissions
and vehicle exhaust emissions. Historically soot has been
significant in respect to its soiling effect on building facades.
Soiling may be visible on buildings after as little as one year’s
exposure to the atmosphere. Recent legislation has improved air
quality, especially its optical quality, by reducing industrial
emission of incomplete combustion products. Increasing vehicle
exhaust emissions, which are soot to a large extent, continue tobe
important in facade soiling and stone decay. Brimblecome (1992)
has documented the history of the accumulation and removal of
soot deposits on buildings and legislation governing smoke
abatement.

In modern urban atmospheres, oxides of sulphur and nitrogen
are becoming more significant agents of stone decay, particularly
for those stones containing calcite (calcium carbonate, CaCO3)
which include some sandstones. The way in which sulphur
dioxide (50,) reacts in the atmosphere, and with building stone
is well known. The sulphuric and sulphurous acids (H>SO4 and
H,S03 respectively) formed in the atmosphere transform stable
calcite in the stone into calcium sulphate (gypsum, CaSO4.2H,0)
which is moderately soluble in water. On areas of facades subject
to run-off, gypsum does not accumulate on stone surfaces, rather
it is washed off to expose fresh stone for further attack. On
protected areas, such as under sills, the gypsum remains as a
black crust. Thisis the classic process of deterioration of limestone.
The formation of black gypsum crusts in sandstones is less well
documented.

Aerosols

Aerosols are particles fine enough to be dispersed in the air and
consist of particulates and gaseous pollutants. Particulate matter
includes sulphates, nitrates, silicates, soot, and hydrocarbons.
Contaminantsincludenitricacid (HNOg3), hydrochloricacid (HCI),
sulphur trioxide (SO3), nitrous oxides (NOy), carbon dioxide
(COy), hydrogen sulphide (H3S) and ozone (O3z). Water in the
form of an aerosol is very effective at reacting with atmospheric
gases such as sulphur dioxide. In areas of high air pollution the
acid formed can be quite concentrated.

Atmospheric aerosols vary in size from less than 0.1um to larger
than 2um. Particles in the 0.1-2um size range have the longest
residence times in the atmosphere and can travel long distances
before being deposited. Particles of this size include those formed
by the coagulation of transient nuclei, (e.g. sulphates and nitrates).
Soot and some organic matter (for example bacteria) can also be
ofasimilarsize. Larger particles (>2)um)are mainly terrestrial and
are generally formed by mechanical processes (e.g. soil particles,
sea salt, fly ash, bacteria, fungal spores, pollen and precipitation).
These particles are transported by wind currents and, because of
their mass, have only smallresidence timesintheatmosphereand
hence usually have only local effects on soiling (Verhoef, 1988).




Hicks (1982) describes the mechanisms of deposition of both wet
and dry aerosol particles on sandstones. Wet deposition mainly
takes the form of intermittent doses of pollutants, most of which are
in dilute solution. The aerosols are formed by polluting material
becoming incorporated into rain as it forms in cloud or by wash out
during precipitation. Coarse particles due to their inertia, and fine
particles, due to diffusion onto the surfaces of water droplets, are
more easily incorporated into this deposition phase (Verhoef, 1988).

Dry depositionisa slower but more continuous process. Itis greater
on surfaces where condensation is taking place or where surfaces
are wet. In these situations particles adhere to the moist surface of
the stone. The particles remain attached to the surface when the
moisture has evaporated.The rate of deposition of dry particles is
closely related to air quality in the immediate vicinity of the stone.
During the day, deposition tends to be greater on cooler surfaces.

The mechanisms of deposition of aerosols on stone surfaces are
very complicated and are influenced by the physical and chemical
nature of the stone.

Soot

Light absorbing particles, particularly soot, are important in terms
of facade soiling. The level of soot present in the atmosphere tends
to correlate with the degree of facade soiling, however it is probable
that the attachment of soot particles has a low efficiency under wet
conditions (Verhoef, 1988). Soot can fill the pore spaces of many
sandstones (Schaffer, 1932). Heavy deposits of soot are commonly
found on areas of sloping facades (for example on window ledges).
The soiling patterns found on facades are typically the result of the
eroding effect, water run-off and soot deposits on the surface of the
stone (Verhoef, 1988).

2.3 Atmospheric factors influencing soiling

Water

Mist in the air causes coagulation of particles and hence their
sedimentation. Rain and other forms of atmospheric water can
capture particles and atmospheric pollutants and precipitate them.
The concentration of these pollutantsis increased in foggy weather,
when coagulation of the particles takes place.

Surface condensation on the face of stone contributes to the soiling
of the surface. Winter conditions in Scotland typically produce an
ambient relative humidity in excess of 80%, and promote
condensation on the stone surface. It may therefore be surmised
that the geographical location of the building and its micro-climate
will exert a considerable influence on the rate of soiling and decay
of the stone.

Temperature

The high thermal capacity of stone on external surfaces has the
effect of creating a temperature gradient within the boundary layer
of air in contact with the stone. The surface temperature of the stone
may be significantly below that of the ambient air. As there is more
molecular agitation in hot air than in cold air, thereis a tendency for
dust to be condensed onto the colder surface (Verhoef, 1988).
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Wind and micro-climate effects

Wind flow patterns around buildings are complex, being
influenced by the site topography and architectural features,
resulting in fluctuating zones of suction and pressure and local
vortices and turbulence. It has been noted that, under light wind
conditions (i.e. minimum turbulence), particles tend to be
deposited on windward faces. In stronger wind conditions the
increased negative pressures and eddies on leeward faces will
tend to concentrate dirt in these locations (Verhoef, 1988). Plate
2.1 gives an example of the way in which micro-climate,
particularly prevailing wind and rain direction, influences soiling
distribution.

Rainwater run-off

The architectural features and the fenestration of elevations of
buildings and monuments have a direct influence on soiling, due
principally to the rainfall run-off patterns on the facade. On most
buildings the rainfall run-off is usually vertical, although local
features may cause diversions to the water flow path, breaking
the stream into flows with relatively fixed directions.

Rainfall mainly strikes the top part of an external wall and
produces a run-off film down the wall which is a few tenths of a
millimetre in thickness (Verhoef, 1988). Projecting elements may
provide some shelter from water run-off. A feature of sandstone
buildings in particular is the heavily soiled zone below large
glazed areas. These areas are subjected to the greater volumes of
water run-off from glazed areas. With limestones, water run-off
from horizontal or sloping surfaces produces a clean washed
zone immediately below the feature followed, ata lower level, by
a more heavily soiled zone. This is due to dirt, transported from
above, being redeposited on the drier surface at a lower level
(Verhoef, 1988).

Soiling caused by rainwater run-off can bereduced by the insertion
of thin metal strips into the mortar of projecting stonework (Plate
2.2). These strips redirect the rainwater run-off directly to the
ground and away from the stonework below the strips.

2.4 Fluid movement and surface changes

Fluid movements

Fluids may move within porous stone with considerable ease.
Water gains access to the interior of the stone through exposed
faces and by transfer from the surrounding stones and mortar
joints. The direction of these fluid movements can change as a
result of changes in atmospheric conditions (temperature and
humidity). Pore fluids can be drawn to exposed surfaces where
evaporation at, or adjacent to, the surface takes place. Minerals
from within the stone may be taken into solution and re-
precipitated at or near the surface. This natural precipitation of
dissolved minerals contributes to the formation of surface crusts
or patinas.

Water is the single most important factor in the decay of stone.
Processes which hinder the evaporation of water from the
sandstone surface orincrease throughput of water can potentially
lead to accelerated stone decay. Soiling has the effect of blocking




spaces between the sandstone particles on or near the surface of the
stone. This in turn reduces surface permeability, restricting the
movement of water both into and out of the stone. Heavy build-up
of soiling at the stone surface can therefore act to prevent water loss
from the stone and may accelerate decay. However, if the soiling
layer is permeable to water vapour, moisture will still be able to
escape from the stone, and, due to reduced water ingression rates
through the low permeability surface layer, rates of decay may be
lower on the soiled stone.

[t is not clear if any generalisation can be made regarding whether
soiling increases or decreases the rate of decay of sandstone. It is
likely that the effects differ depending on the nature of thesandstone
and the characteristics of the soiling layer. Itis generally agreed that
the thick crusts of calcium sulphate which are found on limestones
are detrimental to the stone. The situation is less clear with respect
to the effects of soiling on sandstone and granite.

Many sedimentary rocks such as sandstones and limestones have
quite high porosities and are capable of absorbing relatively large
volumes of water by capillary and other processes. Other stone
typessuch as granites have virtually no porosity and absorb little or
no water if they are undamaged.

Plate 2.1 Micro-climatic effects have influenced the pattern of
soiling on this stone.
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Plate 2.2 Thin metal strips inserted into the mortar of projecting stonework to redirect water run-off away from stonework

Iron staining of sandstones

Analysis of surface soiling on sandstones will often indicate the
presence of iron oxides and hydroxides which have migrated
from within the stone. Fluid movement within the body of a
sandstone over many years dissolves and alters minerals and
may re-precipitate them on, or close to, the surface of the stone as
evaporation takes place. If the minerals leached from within the
stone are dark coloured (such as those containing iron and
manganese) their redeposition at the surface can cause aesthetically
displeasing staining. This type of staining occurs naturally. When
buildings are cleaned this staining can become more noticeable.
Sometimes thisnaturally occuring staining revealed after cleaning,
ismistakenly thought to have been caused in the cleaning process.
The degree to which weathering and soiling affect individual
sandstones depends on their mineralogy. In some cases removal
of iron-rich minerals from the outermost millimetres of the stone
by weathering can leave the stone surface a lighter colour.

Iron staining can also be caused by the action of stone cleaning
chemicals. Staining occurs in a similar way to "natural”" iron
staining, by theleaching of coloured minerals within the sandstone
and their re-precipitation at the surface. However, in this case
large amounts of these minerals (mainly iron) are mobilised over
a short period. If this mobilised iron is then removed by stone
cleaning, it can result in a "bleached" stone surface.




Sandstones in contact with other materials

The rate at which sandstones decay and soil can be influenced by
other materials with which they are in contact. Snethlage (1985)
reportsamechanism which would seem to account for theincreased
staining and deterioration sometimes found when sandstone is in
contact with less porous (denser) material such as granite plinths or
dense mortar joints. He suggests that rain water flowing down a
facadeissoaked up more by the porous stone, or concentrated in the
bottom of stones where further downward moisture movement is
restricted by less permeable material. The aggressive components
of rain water, salts and acids, are concentrated at the contact zones
between the porous sandstoneand other less porous materials. This
creates amoisture gradient in the lower levels of the sandstone with
an increased moisture content at the lowest level. Moisture will
evaporate from the stone surface and there will be a zone in which
the rate of supply of moisture to the surface by capillary and other
forces is balanced by the rate of evaporation. Salt solutions are
concentrated at the surface extremities of the zone, resulting in the
"tide-mark" of salts which is commonly seen. Moisture movement
in these zones can lead to increased soiling, enhanced salt
efflorescences and increased strain on the contact zones of porous
stone, resulting in greater damage to the stone in these areas.

2.5 Other non-biological contaminants

Paint

The visual appearance of cleaned buildings can be marred by paint
deposits on stone. Ashurst & Ashurst (1988) suggest that paint can
sometimes be removed from masonry by methylene chloride (paint
stripper) applied as a poultice under a plastic film. Proprietary
poultice paint strippers, based on caustic soda (sodium hydroxide),
arealsoavailable. Once applied to the paint the poulticeisleft todry
before being lifted off. The masonry is then thoroughly washed
down. It should be stressed that the effect which these treatments
have on different stone surfaces has not been fully researched.
Extreme caution should be exercised before any of these treatments
are contemplated. Application of some of the chemicals used in
these paint removers could be very damaging to stone.

Aerosol paint (graffiti)

Cleaned masonry may be more susceptible to graffiti attack than
heavily soiled stone. While most aerosol based paints can be removed
from the stone surface, problems can arise when pigments are
carried into the pores by solvents in the paint. The application of
solvents to remove the paint can sometimes result in the pigments
being driven more deeply into the stone. Ashurst & Ashurst (1988)
lists a number of chemicals available to remove aerosol paints
including water-rinsable paint strippers, 1:5 solutions of water and
trisodium phosphate, and sodium hydroxide poultices. Chemical
strippers are applied to the affected surface for a period of time
sufficient to allow the paint to soften. The paint is then removed by
brushing or scraping. After removal of the paint the masonry must
be thoroughly washed (Ashurst & Ashurst, 1988).

As indicated with paint removing chemicals, it should be stressed
that the effect which aerosol paint removal treatments have on
stone surfaces is not fully understood. Extreme caution should be
exercised before any of these treatments are contemplated. More
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aggressive treatments should only be used when less aggressive
methods have failed. Removal of aerosol paints can result in
patches on the masonry, particularly if the treatment is carried
out on a number of occasions. Very low pressure grit blasting,
using a pencil jet and aluminium oxide as an abrasive can also be
used to remove graffiti. Visual problems can sometimes arise
with “ghosting” effects remaining on the stone following physical
methods of graffiti removal.

A number of anti-graffiti treatments are commercially available.
These work by forming a barrier to prevent the migration of paint
into the stone. These treatments are sometimes claimed to allow
the removal of paint to be achieved quickly, without the use of
caustic strippers. Before application of any barrier treatment, the
possible effects on the stone must be investigated. This would
include any changes the treatment had on stone colour and water
permeability. Barrier treatments should not be used on decaying
stone. Ashurst & Ashurst (1988) suggests in these cases
alkoxysilane treatments, which penetrate deeper into the stone
mightbeused. Anti-graffiti treatments have only alimited effective
life, possibly less than five years (Ashurst & Ashurst, 1988). The
problem of graffiti is currently being investigated at the Building
Research Establishment (BRE).

2.6 Biological soiling

Algae

Algal growths are usually green when fresh, becoming black
when the surface dries out. Most algae which colonise stone
belong to the class of green algae. Colours other than green may
occur, depending on the species present. Red, brown and blue-
green species of algae are common. They appear slimy if the
surface is moist. They are very common on the exterior surfaces
of buildings and can be found on almost any substrate which
remains damp for long enough. Algae are photosynthetic and
require light to grow. They may die or become inactive during a
prolonged dry spell but spores and propagules left on the stone
will regenerate when the surface is rewetted.

Opinion is divided as to whether algae in themselves are capable
of causing stone degradation. Algaeareanindication of persistent
damp conditions. They may increase susceptibility to damage
caused by long term water retention.

Fungi

These include "moulds" and "mildews". They are not
photosynthetic and do not require light to grow but they require
organic material as a food source. They may be grey, green, black
or brown in colour and often take the form of furry spots or
patches on the surface of the substrate (BRE, 1982).

Some fungi secrete organic acids as they grow. These include
oxalic, citric, acetic acids and many more. These are capable of
dissolving mineral grains. Although fungalsecretions are capable
of dissolving minerals in stone, they are unlikely in most
circumstances to cause serious damage to the stone substrate,
although they can cause disfiguring staining. The mechanical
activity of hyphal growth can also contribute to stone decay
(Koestler et al., 1985).




Bacteria

There are many different forms of bacteria but all are too small to be
visible to the naked eye. Some are capable of fixing nitrogen from
theatmosphere and can therefore aid the colonisation of a substrate
by other organisms through increased availability of nitrogen. They
are able to resist extremes of temperature and drought. Secretions
of both organic and inorganic acids can cause erosion of stone.

Sulphur oxidising bacteria can be damaging to vulnerable stone
types, such as those containing carbonate minerals (e.g. limestone),
through the production of sulphuric acid. Biologically produced
gypsum has been found on marble and is associated with sulphur
oxidising bacteria such as Thiobacillus sp. (Sramek, 1980).

Lichens

Lichens are a symbiotic intergrowth of algae and fungi. They are
photosynthetic organisms which require light and mineral salts for
growth. They are often grey, yellow or orange in colour. Some of the
body of the lichen may penetrate into the surface of the substrate.
The lichen thallus can penetrate deeply into the stone releasing
organic acids which can damage stone. Deposits of oxalates may be
formed at the lichen/stone interface. Oxalates deposited below the
surface (particularly in microporous stone) can restrict the ability of
a stone to “breathe” leading to damage by surface spalling
(Richardson, 1991). Lichens are very slow growing and in most
cases appear to cause little or no damage to stone surfaces. The
mosaic of different coloured lichens on the stone may be considered
to have a pleasing effect. However, in some cases lichens can cause
blistering and spalling on stone surfaces (Plate 2.3).

2.7 Conditions needed for colonisation

The conditionsrequired for organic growths to occur vary depending
on the type and species of organism. Photosynthetic organisms can
survive with moisture, mineral salts and light. Other organisms
require moisture and an organic substrate but not light. Many
organisms can withstand severe dehydration for long periods but
active growth usually requiresrelatively high moisturelevelsin the
stone or high humidity. The main factors influencing development
of micro-organisms on a surface are water, light, temperature, pH
and nutrition.

Water

The availability of water is probably the most critical factor in
allowing the colonisation of a stone surface, and the amount of
water determines the species of organisms which occur. Different
moisture levels in the same stone type often support different
biological communities (Agarossi et al., 1985; Danin and Caneva,
1990). The duration of dampness is more important than the
frequency of wetting (Bravery and Jones, 1977; Grant, 1982). Organic
growths themselves inhibit drying of the surface and affect the
moistureretention properties of the surfaces they colonise (Bravery,
1982).

Light

Photosynthetic organisms such as algaerequire light to grow. Some
non-photosynthetic organisms can be killed by excessive light.
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Temperature

Species vary in their sensitivity to temperature. In general, most
biological growths are fairly tochanges in temperature of the
range found on external substrate. For every species there is an
optimum temperature for growth and maximum and minimum
temperatures outside which growth ceases. However, the spores
of many species can survive for long periods in extremes of
temperature (Verhoef, 1988).

pH

The pH is measured on a scale of 1-14. A neutral medium (such as
distilled water) has a pH value of 7. Numbers below 7 indicate
relative acidity, numbers above 7 indicate relative alkalinity.
Micro-organisms vary in their sensitivity to pH. Some can only
tolerate a narrow range, others are more tolerant and can flourish
over a wide range of pH. Highly alkaline substrates, above pH 9
are unsuitable for algal colonisation (Grant, 1982).

Nutrition

There is a progression or cycle of species involved in the
colonisation of stone. The order of colonisation is principally
controlled by the availability of nutrients and moisture. This
situationarises because fresh stone haslittle in the way of available
nutrients for organisms. The initial colonisers of the stone are
organisms such as algae and some bacteria which do not require
organic nutrients in order to grow. Once such colonies have
become established, accumulation of organic matter can lead to
further colonisation by other organisms such as fungi, mosses
and higher plants.

2.8 Algal growth on building facades

Onbuilding facades green algal assemblages are the predominant
form of biological soiling and colonise a wide range of substrates
including stone and mortar joints. They are often well developed
on wall surfaces subjected to excessive water run-off from leaking
gutters and downpipes.

Several factors may account for the differences in the time of
appearance of algae on stone surfaces. The most significant factor
is the dampness of the surface, which is principally influenced by
exposure to water and the porosity of the stone (Plate 2.4). The
inclination and orientation of the surface are also important
factors governing algal growth. The nature of the surface is also
influential, rough surfaces tending to encourage algal growth
when compared to smoother surfaces.

A simple experiment (Webster et al., 1992) exposing an
uncontaminated plate of smooth Clashach sandstone, inclined at
an angle of 70° with a south orientation, showed evidence of
colonisation by green algae after six months exposure in the north
east of Scotland over a period September to February. Twelve
months exposure resulted in almost complete colonisation of the
top surface of the plate. The underside was also exposed to the
atmosphere but was not colonised. During the drier summer
period growth ceased and the colour changed to dark brown or
black. In autumn and winter with increased precipitation and
reduced solar radiation active growth quickly restarted, with
accompanying return of the green coloration.




Algae produce small amounts of organic acids which could
potentially dissolve stone components. The main contributionalgae
appear to make to stone weathering is through the physical action
of wet/dry and freeze/thaw cycles of muciliage and the growths
themselves. They would therefore appear capable of changing the
physical characteristics of the stone surface by altering capillary
diameters, and the size of very small fissures. Decay of stone
surfaces by algae is not thought to be significant when set against
chemical and physical weathering phenomena. Nevertheless, the
presence of algae on surfaces encourages water entrapment and
reduced rates of drying which may exacerbate water-induced
damage to the substrate (Bravery, 1982).

Algae also affect the aesthetic characteristics of the building. Algae
tend totrap soot and other particulates giving the surfaceadarkened,
dirty appearance. Also, as the habitat becomes less favourable for
algal growth due to increased levels of surface pollution, the
growth itself can become dark coloured.

Asurban atmospheric pollutionlevels continue to changeitis likely
that increased biological soiling will take place containing a wider
range of subaerial flora than is presently found in towns and cities.

Thereis a surprising lack of information available on this important
aspect of facade soiling. An excellent review paper (John, 1988)
provides a most comprehensive coverage of algal growth on
buildings.

2.9 Removal of biological organisms

There are alarge number of situations where biological growths do
no structural damage to masonry and where their removal seems
pointless. Indeed in many circumstances biological growths (in
particular lichens) can enhance the aesthetic appeal of buildings.
The growth of lichens on roof tiles, for example, is considered
appealing by some.

A range of methods is available for the removal of organisms. The
main treatment involves the use of biocides.

Biocides

There are a number of factors which must be taken into account
when considering the use of biocides. The treatment must be able to
kill the problem organisms whilst causing no harm to other living
organisms or damage to the stone itself. The treatment should have
a reasonably long effective life. The effective life of biocides varies
depending on the nature and concentration of the treatment, the
natureof thesubstrateand the exposure of the treated area. Sheltered
areas of porous stone will be protected for longer than exposed
areas of low porosity (BRE, 1992). Ideally the biocidal treatment
should notleave deposits in the stone, alter the natural stone colour
or affect the structure of the stone in ways which could lead to, or
exacerbate, long term damage (Richardson, 1973; 1975). If the
biocide treatment leavessalts in the stone for instance, efflorescences
may occur which canlead to spalling of the stone surface. Alteration
or acceleration of the natural weathering cycle of the stone may
resultif the treatment causes changes to the near surface porosity of
the stone, altering its moisture absorption and evaporation
properties. Some compounds, such as phenols, can cause colour
changes by reaction with iron in the substrate or the components of
the stone itself (BRE, 1992; Richardson, 1973).
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Biocides should be applied during a period of dry weather, to
ensure that the biocide has time to kill the organisms before it is
washed out of the stone (BRE, 1992). Where the stone is heavily
infested with growth, removal of some organic material, by
brushing, prior to application of the biocide will help. The biocide
should be well brushed in (BRE, 1992). Alternatively, pneumatic
garden-type sprayers can be used (Ashurst, 1988). After the initial
application and brushing to get rid of dead matter, areapplication
of the biocide may be necessary since much of the biocide may
have been absorbed by the organisms (Richardson, 1973).

Some organisms such as lichens resist wetting after a long dry
spell. It may, in such cases, be necessary to prewet the surface to
assist absorption of the biocide by the organisms (BRE, 1992).

Organisms vary widely in their susceptibility to biocides. A
treatment which can effectively kill one species of microorganism
may leave another completely unaffected.

Reference should be made to the relevant health and safety
regulations before the start of any biocide treatment.

Other methods of biological control

It is possible to remove some organisms, including algae, lichens
and mosses, by scraping or brushing with non wire brushes
followed by washing down with water. However, the stone may
retain “ring marks” from lichens and micro-organisms. These can
rapidly regenerate themselves from spores or, in the case of
lichens, from the thallus underlying the stone surface.

Water repellents have been used to prevent growth on porous
stone. However, established growth should be removed by
application of a biocide and brushing prior to treatment
(Richardson, 1973). In some cases the use of water repellents is
inadvisable. This is the case where the stone may be subject to
wetting from an internal source, for instance, by rising damp or
water seepage through the wall interior or joints. If this moisture
is unable to evaporate normally, it will almost certainly cause
spalling of the treated surface either by freezing damage or by salt
deposition (Richardson, 1973).

Building design and biological growths

Building design affects both the likelihood of colonisation by
organisms and the effective life of preventative treatments.
Biological growths predominate on horizontal and sloping
surfaces, particularly those having a northerly aspect. Any
structures which project above roof level, or project beyond the
facade are particularly vulnerable to algal colonisation. Sheltered
surfaces due to their lower moisture content are less likely to be
colonised by organisms and, if they are not washed by rain water,
any biocidal treatment will remain in the stone for a longer

period.

Biological growth can be limited by designs which provide areas
protected from direct rainfall and which shed water quickly .
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Plate 2.4 Algae growing on sandstone and granite surfaces. Algal
growth is greater on sandstone than on granite due to the higher
porosity of the sandstone.
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Chapter 3 Stonecleaning aesthetics

3.1 Aesthetic considerations

Buildings are cleaned for a variety of reasons, one of the main being
for the visual, perceptual and aesthetic improvements which are
thought to result from cleaning. Clearly, the cleaning of heavily
soiled buildings not only changes their appearance in fundamental
ways, but has a marked effect on the way surrounding buildings are
perceived. In recent years the assumption that cleaning is always
beneficial in terms of environmental aesthetic improvements has
been brought into question.

The urban planner and cleaning practitioner needs to address a
number of issues relating to environmental aesthetics before any
decisions are taken about cleaning. These issues range from macro
concerns at the townscape and neighbourhood level through to the
micro level of individual stones which make up the building facade.
Only after full consideration of the likely aesthetic implications,
should a programme of cleaning be undertaken. While it is not
possible to predict in advance precisely what the visual and
perceptual outcome of cleaning will be, many past mistakes could
have been avoided by more careful consideration of the aesthetic
consequences prior to the commencement of cleaning.

Townscapes

Urban planners have, as a central concern, the unity of the urban
environment. In many urban situations a unity exists between
buildings and between streets which gives an identity to whole
areas of cities. Insomesituations, particularly those wherebuildings
are constructed of similar material, the uniformity of soiling across
a whole district might add to the sense of place of the region,
distinguishing it from its neighbours. Some good examples of
where this unity appears to operate are selected areas of Edinburgh
New Town, where stonecleaning insome streets has beenrestricted.
Theresult has been that the area has retained a degree of uniformity
(Plate 3.1). In other urban areas, uniformity may be achieved by
widespread cleaning activity while at the same time adding to a
sense of urban renewal. It is important, before decisions about
cleaning aremade, for planners tosurvey theurban fabric, recording
the nature and extent of the soiling in an area, so as to guide overall
stonecleaning policy in the region.

A further issue which concerns urban planners, and which
stonecleaning has a direct bearing on, is the concept of imageability.
This can be seen as the ability of environmental stimuli to evoke
images in the minds of observers. The concept derives from the
workof Lynch (1960), who suggests that urbanimages are composed
of five elements: paths, edges, nodes, landmarks and districts. This
might provide a framework from which stonecleaning policy could
be developed. Other writers (e.g. Cullen, 1961) have addressed
questions of the aesthetic feel of urban environments, stressing
issuessuchas congruity, complexity, mystery and surprise, concepts
on which building soiling and stonecleaning have a direct bearing,.
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Plate 3.1 Edinburgh (New Town district). The unity of this district has been maintained by restrictions on cleaning,.

Streetscapes

In the past some of the worst damage in terms of the detrimental
visual effects of stonecleaning has been to streetscapes. The
problem in essence stems from owners of individual properties in
terraces, circles, crescents and squares cleaning their propertiesin
isolation (Plate 3.2). These architectural forms were built with
unity of storey height, fenestration, detailingand building material
and were clearly designed to be read as a whole. If only some of
these buildings are cleaned, this unity is invariably destroyed
(Plate 3.3). While this piecemeal approach may encourage other
owners to clean their properties, this argument presupposes that
wholesale cleaning is advantageous, a view which, in itself, is
open to question. Also, this type of cleaning policy has the
considerable disadvantage that the result of cleaning adjacent
buildings at different times, invariably leads to differences in
stone colourand texture. Individual propertiesin terraces, cleaned
over an extended period, enter the resoiling cycle at different
times. The problem is made much worse when different methods
of cleaning are employed on the same street (Plate 3.4). Where
care is taken to clean terraces as a complete unit the results are
much more aesthetically pleasing (Plate 3.5). In narrow streets,
which have tall buildings on either side, stonecleaning can result
in greateramounts of reflected light reaching streetlevel, reducing
the oppressive nature of tall, heavily soiled buildings. This may
be particularly welcome in residential areas (Plate 3.6). In short,
if a decision to clean in a street is made, cleaning must take place
at the same time using the same method over the entire street
facade. Andrew and Crawford (1992) giveareview of conservation
and planning considerations in relation to stonecleaning.
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Plate 3.4 15-21Park Circus, Glasgow. The properti
The result is not as pleasing as 22-29 Park Circus which was cleaned as a single unit (Plate3.5).

|
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Plate 3.5 22-29 Park Circus, Glasgow. This crescent has been cleaned as a single unit.
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Plate 3.6 The cleaning of these tenements has resulted in amarked increase in reflected light at street level.

Plate 3.7 Before cleaning,.
Area of soiled detail showing obscuration of
features.

Architectural detail

The removal of soiling can help reveal architectural features (Plates
3.7 & 3.8). Cleaning can also have the effect of removing details and
sharp edges from stone (Plates 3.9 & 3.10). The potential damage to
architectural detail needs to be considered before decisions about
cleaning are made.

Plate 3.8 After cleaning.
Much improved contrast after cleaning helps reveal
sculptured details.



Plate 3.9 Before cleaning.

Note sharpness of stone detail.
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Plate 3.10 After cleaning.
Loss of sharp detailing is apparent.

Staining

Staining arises from a variety of different causes and can be
aesthetically detrimental to the appearance of cleaned buildings.
Water stains in particular are often partly hidden by soiling and
only become noticeable when the building is cleaned. Often,
careful examination of the soiled facade of a building will reveal
where underlying staining is already present. Some indication of
the likely visual end result, in terms of staining, can sometimes be
made prior to cleaning (Plate 3.11). In some cases stonecleaning
may reveal the extent and cause of staining and stone decay and
allow for repairs to be more easily made. Much of the staining
(and stone decay) revealed by stonecleaning is the result of poor
building maintenance and neglect of guttering and downpipes.
Decisions about the acceptability, and what, if anything, can or
should be done to ameliorate the detrimental aesthetic effects of
any revealed staining, needs tobe considered priortoany cleaning.

Orange staining, particularly on sandstone buildings, indicates
the presence of iron oxides. Asindicated in Chapter 2 this staining
can result from natural processes occurring within the stone or be
the result of chemical stonecleaning. As with water staining,
stonecleaning tends to make iron staining from whatever cause
more noticeable (Plate 3.12 & 3.13).
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Plate 3.11 Part of a partially cleaned sandstone terrace.

Note the very visible water staining on the upper left hand corner of the cleaned facade. This staining extends to, and
canbe detected in, the soiled layer of the adjacent facade. Cleaning has made the stain more visible. A careful inspection
of the building prior to cleaning would have revealed the areas affected by water staining and given some indication
of thelikely end result of cleaning. Note also the aesthetically detrimental water staining which has been revealed along
the parapet. In addition, the unity of the terrace has been adversely affected by its partial cleaning.




Plate 3.12 Soiled ashlar sandstone before cleaning. Note how soiling tends to
obscure stains and small blemishes on the masonry surface.

KODAK Color Control Patches

Plate 3.13 After cleaning (same area as shown above). Stains and blemishes on the
stonework are much more apparent following cleaning.
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Colour

Stonecleaning produces dramatic changes to the colour of buildings.
The stonecleaning method adopted, and its application have critical
effects on the colour of stone. Evidence of the large scale variations
in colour produced by different cleaning methods can be seen in
situations where an individual stone on a facade has been subjected
to different stonecleaning techniques (Plate 3.14). The problem can
be further compounded by any time lag between treatments. The
colour of stonework following cleaning has been shown to have
important implications for the aesthetic judgement of buildings
(Webster ¢t al.,1992).

The quite dramatic changes in the colour of stone which are
sometimes observed in the field, after chemical cleaning, should not
normally occur. The mostlikely reason for colour changes are errors
in the chemical cleaning regime applied. Before any choice of
cleaning system is made, sample panels should be checked for
colourdifferentials. Portable electronic colour monitoring equipment
is available for the accurate measurement of stone colour.

Plate 3.14 Differences in the colour of individual stones in a facade
canbe detected after having been cleaned by two different methods.
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Indenting stone

The question of indentation of new stone in soiled facades and
whether this necessitates the cleaning of the whole facade is often
raised in connection with stonecleaning. Indentation, in itself,
very rarely provides sufficient reason to clean. It is common
practise to indent historic buildings without cleaning. Situations
where the stoneis not heavily soiled, or where thereis little colour
variation between original stonework and indents, or where the
original stonework is patchy and of different stone types are
situations where indents provide least visual distraction. The
nature of the architectural feature being indented also has a
bearing on appearance. In order that new stone does not disrupt
the aesthetics of the facade, it may be worth considering replacing
specific elements such as string courses, dressings, mouldings or
rybatsin their entirety to maintain the unity of formand symmetry,
although in historic building and other buildings where the aim
is to conserve as much of the original fabricas possible, this course
of action may be out of the question. Indenting can be visually
problematic where there is a high proportion of new stone or
where the rhythm of the facade is disrupted by indents. However,
indents do blend in relatively quickly (Plate 3.15). Indented stone
can be given a light covering of solutions of soot or other inert
material to tone down the new stone. Where buildings are cleaned
care should be taken to ensure that indented stone is of a similar
colour, texture, nature and where possible from the same quarry
as surrounding stone (Plate 3.16). Ashurst (1988) gives extensive
guidance on the repair and replacement of stone.

Plate 3.15 After a few years indents blend in with soiled Plate 3.16 Indented stone cut to match the original.
stone.
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3.2 Stonecleaning case studies

The relationship between soiling and a building’s aesthetic quality
is complex. It is clear from research evidence (Webster ¢t al., 1992)
thatheavily soiled buildings can benefitaesthetically from cleaning.
The improvement in visual quality is dependent on a range of
factors, twoimportantconsiderations being the type and application
of the stonecleaning method employed and the condition of the
masonry being cleaned. Case study examples of different
stonecleaned buildings reveal the range in quality of finish often
found with stonecleaning work.

Case study 1

Plates 3.17 and 3.18 show similar sandstone facades, one of which
has been cleaned. The soiled facade appears dark and unattractive.
The colour of the stonework and its architectural features such as
window surrounds and stone carvings are obscured by soiling. In
comparison, the cleaned facade is brighter and less depressing
visually. Its architectural features are more discernible. The
symmetry of the facadeis onceagain apparent. In effect the building
has been restored to more closely resemble its original appearance.
Whether these are valid reasons to clean old buildings is open to
question.
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Plate 3.17 Soiled sandstone facade. Plate 3.18 Cleaned sandstone facade.
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Plate 3.19 Stonecleaning in a residential street.
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Case study 2

Plate 3.19 shows part of a row of Glasgow tenements which have
been cleaned. The contrast between the soiled and cleaned
propertiesis very marked. Cleaning of the whole street, using the
same method at the same time would have avoided the contrast.
If the soiled tenements are eventually cleaned it will be very
difficult to obtain unity of colour. However, the tenement itself
has been cleaned as a complete unit.

Cleaning hasrevealed heavy iron staining (resulting from natural
weathering processes) on some stones, which detracts from the
visual appeal of the total facade. The opportunity to replace
windows and doors is often taken while scaffolding is in place for
stonerepairs or stonecleaning. Note also how new windows have
added to the change in overall appearance. All too often

~ replacements by inappropriate windows and doors detract from

the overall appearance.




Case study 3

Plate 3.20 shows Kelvingrove Art Gallery, Glasgow. Cleaning has
enhanced the appearance of this building. Its setting within a park,
devoid of buildings in the immediate vicinity, avoids the problem
of cleaned buildings contrasting with nearby soiled ones.

Case study 4

Plate 3.21 shows an Edinburgh building where only the ground
floor has been cleaned. The effect of this has been to highlight the
soiled stone above and to have an adverse affect on streetscaping.
Cleaning in this piecemeal fashion should be avoided. Note the
residual soiling around the base of the ground floor windows
caused by water run-off from sills.
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Plate 3.21 The detrimental aesthetic effects caused by the partial
cleaning of a building,.
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3.3 Aesthetics and soiling

Building facades pass through cycles of change as soiling
accumulates on the exterior surface. The speed of this change
varies considerably. Materials vary in their susceptibility to the
influence of weathering, but every material, and so every facade,
altersinappearance after long exposure toatmospheric pollution,
wind and rain. Many modern buildings, for example those with
exposed precast concrete exteriors or harled surfaces, quickly
develop patterns of staining through rainwater run-off which are
unrelated to any underlying architectural feature and may look
unkempt after only a few years (Plate 3.22).

Many old buildings which have developed accumulations of
soiling over long periods of time may display an aesthetic quality
which enhances theappeal of the building. Indeed, the expectation
of some buildings are that they will be soiled. An example of this

is Edinburgh Castle (Plate 3.23), which has a considerable

accumulation of soiling on its facades. Research (Webster et al.,
1992) has shown that the perception of its character would be lost
if this soiling was removed. This phenomenon may well extend to
other old buildings.

Plate 3.22 Although this building is only lightly soiled it already looks unkempt.



Plate 3.23 Edinburgh Castle.
Soiling is part of its character and aids the perception of the age of the castle.

Facade complexity and soiling

Soiling on buildings which is either consonant with the underlying
texture of the building facade or enhances architectural details can,
within certain limits, enhance the aesthetic appeal of buildings.
Conversely, soiling which is dissonant with the underlying texture
of abuilding (e.g. heavy soiling which obscures colour) or which is
unrelated to the building’s architecture is aesthetically displeasing.
Many modern buildings are constructed of materials, or are of
designs, which do not allow for consonant weathering and soiling
patterns. When soiled, they are visually less acceptable than older
buildings which, through the materials used or design features,
allow for longer periods of consonant weathering.

Soiling changes the perception of facades and can be seen to
progress througha sequence, with facade cleaning interrupting this
progression and returning the building to an earlier stage in the
cycle. Initially, light soiling on surfaces which have an uneven
texture (e.g. rock faced and tooled stone) lodges mainly on horizontal
and outermost surfaces of the stone. Similarly, light soiling around
architectural detail adds to the visual complexity of the building by
increasing contrast and shadowing effects. Verhoef (1988) argues
thatin northerly cities of Europe, soiling can emphasise architectural
designs which for much of the year would be lacking definition due
to the absence of sharp, well defined shadows.




Moderate soiling of building facades can resultin a change in the
visual appearance of buildings which has an interactional effect
with the underlying architectural features or stone surface. This
type of soiling changes the visual complexity of the building by
obscuring some detail, colour and texture, while at the same time
adding a pattern of soiling which was originally absent (Plate
3.24). This interactional effect differs with stone type. On rock
faced and tooled surfaces a heavier build up of soiling may be
more acceptable aesthetically thanit would be on smooth or
polished stonework. While initially soiling may be related to the
underlying architectural surface (for example in bedding planes,
Plate3.25), patterns of soiling eventually arise which are unrelated
to the underlying detail.

Continued soiling eventually leads to a complete blackening of
the surface of the building which reduces the visual information
ofarchitectural detailsand completely obscures the colour, texture
and any shadowing effects. In effect the visual complexity of the
building is reduced by the very heavy soiling on the building
facade.

Entire buildings may progress through this pattern of light to
heavy soiling in a relatively consistent way. Alternatively, parts
of facades may soil at different rates (Plate 3.26).

Plate 3.24 Soiling on rock faced stone.
A low level of soiling can add to the visual complexity of a
building and is not necessarily aesthetically detrimental.
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Plate 3.26 This building has soiled at different rates across its facade. The upper gable end is heavily soiled,
obscuring stone colour and detail. Lower sections of the building are less heavily soiled and are aesthetically more

pleasing.




Theoretical model of soiling aesthetics

AAesthetic Value
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_-~ Complexity

Figure 3.1 A model of the relationship between soiling, building complexity and aesthetics.
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The cycle of sandstone building weathering suggests that soiling
affectsbuilding complexity and aestheticsinarelationshipshown
by Figure 3.1. The shape of this graph may vary considerably due
to many factors among which are type and age of building and
materials used in construction. Figure 3.1 may be seen
hypothetically to represent the weathering pattern of many tooled,
rock faced and rubble stonebuildings. Onsomebuildings various
parts of the facade may be at different points on the graph. For
example in Plate 3.26 parts of the facade with lower levels of
soiling and a higher level of complexity, for instance those areas
towards the base of the building, are at a point nearer to the
maximum aesthetic value. Those parts of the facade with heavier
soiling and thus reduced complexity, for instance the upper parts
of the building, are aesthetically less pleasing and thus at a lower
point on the graph. With some cleaning methods it may be
possible to remove a degree of soiling from parts of the facade
which are heavily soiled, thus returning the whole facade to
nearer maximum aesthetic value.




After construction, a building might be said to have a certain initial
aesthetic value. After a number of years of weathering, where
accumulations of soiling are consistent with thearchitectural features
and the stone texture, complexity is increased and aesthetic value
rises to a peak. Thereafter, it begins to decline as soiling increases,
becoming unrelated to underlying architectural features. Assoiling
becomes increasingly heavy, complexity is reduced and aesthetic
value decreases to a point where the whole facade is blackened and
complexity isata minimum. In Figure 3.1, cleaning a building at the
point of maximum soiling has the effect of returning it to an earlier
point on the graph, and the soiling cycle is again reintroduced. The
pointatwhichitreturnsand the subsequent soiling effects may well
depend on the method chosen for cleaning and the success of the
cleaning process.

The relationship between soiling, architecture and aesthetics is
complex and is subject to differences between individuals. Figure
3.1 may represent the general position. The main point here is that
soiling need not always be aesthetically detrimental and can
sometimes be aesthetically beneficial (Plate 3.27). Andrew (1992)
gives an account of the relationship between aesthetics, visual
complexity and building soiling.

Plate 3.27 Provans L)rdship House, Glasgow.
This rubble building has been cleaned. The light level of soiling on its facade adds to the visual complexity and
aesthetic appeal of the building.




3.4 Aesthetic considerations checklist

The following list provides a basic checklist for aesthetic
considerations to be made before any decisions on cleaning
should be taken.

Townscaping

* What is the level of soiling on the building which is being
considered for cleaning, in terms of the urban area within which
it exists?

* Will cleaning this individual building detract from or enhance
the sense of place of the region?

Streetscaping

* Is the building part of a street or other unified facade which
should be read as whole and which cleaning would destroy?

* What will be the aesthetic effect of cleaning a single building in
terms of nearby buildings?

* If the building is being cleaned as part of a more extensive
cleaning programme, what measures are being taken to ensure
consistency of finished results between the various buildings?

Architecture

* What are the surface textures of the stones and have these
influenced the attachment of soiling?

* Does the level of soiling in any way add to the complexity or
visual appeal of the building?

* Has a detailed survey been conducted of stonework of the
building to ascertain what defects, such as staining or blemishes,
might be more apparent after cleaning?

* To what extent will any highlighted blemishes adversely affect
the final appearance of the building?

* What will be the nature and extent of the indenting work
required and what will be the initial and long term aesthetic
implications?

Cleaning
* What will be aesthetically the most pleasing end result of

cleaning in terms of the proportion and location of soiling to be
removed? Is partial cleaning a possible option for cleaning?

* What will be the colour of the stone following the various
cleaning options and what are the implications in terms of
neighbouring buildings?




Chapter 4 Physical cleaning methods

4.1 Physical cleaning

Physical cleaning methods embrace a wide variety of techniques.
Although most work on the principle of abrading the surface layer
of stone to which soiling is attached, there is considerable variation
in the effects which different techniques have on stone. Common
physical cleaning methodsinclude water washing and gritblasting.
The roughening and erosion of the stone surface which may take
place is particularly important when considering the use of any
physical cleaning method. The amount of erosion and roughening
that occurs is dependent on a range of factors. These include the
type and physical state of the stone, the pressure used and the
nature and size of any abrading particles used in the cleaning
process. Also of vital importance is the skill and training of the
operative employed on the cleaning task. Commercial pressures to
clean buildings quickly can lead to the abuse of many physical
cleaning methods with resulting damage to stonework.

With physical cleaning methods any problems or damage which
may arise as a result of cleaning are usually apparent at the time of
cleaning, although surface roughening and erosion may not always
be obvious to the untrained eye. In recent years there has been a
proliferation of new physical cleaning techniques which claim to
have little damaging effect on stone. Many of these techniques,
while promising, have yet toundergo the extensive scientific testing
necessary to evaluate their performance.

4.2 Water washing

Low pressure water washing

A distinction can to be made between water washing at low (mains)
and high pressure. Low pressure water washing is probably the
least aggressive method of stonecleaning. It is commonly used to
clean limestone where dirt is generally bound to relatively soluble
chemical compounds. It is also used to clean marble, polished
granite and some bricks, where water soluble particles are readily
removed by the application of water and brushing. More stubborn
soiling can be softened with water and then mechanically removed
by non-ferrous brushes (toavoid iron staining). Low pressure water
washing can be used on sandstones whereloosely attached particles
can be removed. In situations where only this level of cleaning is
required, low pressure water washing can be effective. Water
washing does not remove more stubborn soiling on sandstones
where the soiling is bound to the silicate surface in insoluble
compounds.

Water washing involves using the minimum amount of water
sufficient to wash the deposits away, or loosening them enough to
allow them to be mechanically removed. Cleaning should begin
from the top of the building to avoid washing dirt onto previously
cleaned surfaces. The time taken to clean varies significantly
depending on the nature of the surface to be cleaned. Smooth flat
surfaces may becleaned relatively quickly, whileintricate stonework
with heavy soiling may take much longer.
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Intermittent (or pulse) washing is a newer technique where spray
times are controlled electronically, or by using clocks, to reduce the
amount of water saturation of the stone. Spray times of a few
seconds are followed by a few minutes shut-down. This allows
softening of the dirt while minimising the problem of saturation
(Ashurst, 1988).

Water washing and brushing is also used as a preliminary to
chemical cleaning. Loose or water soluble material removed by
water washing reduces the amount of chemicals needed.

Water washing at low pressures can be effective at removing some
organic growths (e.g. algae).

In some situations (e.g. cleaning limestones) fine or nebulous
sprays of clean, cold water are misted over the surface of the stone.
Mains water is normally used. With limestones, hard water should
be used since water containing dissolved carbon dioxide (COy) is
acidic and can corrode the stone (Amoroso and Fassina, 1983).

High pressure water washing

High pressure water washing is conducted at a range of pressures,
up to 13,800 kPa (2000 psi) or more. Water at higher pressures is
always more abrasive than at the lower pressures, although with
some more durable stone types there may be no visible erosive
effect even at very high pressures. Sandstones vary widely in their
hardness and softer varieties may be severely eroded even at
relatively low pressures.

Water at higher pressure has a cutting action, and both the design
of the outlet lance and the skill of the operative are important in
terms of cleaning effects. The spread of the nozzle in particular is
important as it influences the pressure of the water at the surface of
the stone. Straight ahead nozzles with 0 to 15 degrees of spread are
tobeavoided on vulnerable stone since the concentrated energy can
be damaging. For architectural cleaning, nozzles with 15 to 50
degree spreads are commonly used. The distance that the nozzle is
held from the surface and its angle also influences the actual water
pressure on the stone. It should be remembered that the water
pressure indicated on machinery dials used in cleaning is not
necessarily the same as the pressure of water at the stone face. The
pressure used should be chosen so as not to damage the stone. At
pressures as low as 1,380 kPa (200 psi) water may have an abrasive
action on soft stones. On soft stone, or on damaged areas, the use of
high pressures can be devastating. Black (1977) notes that in one
example pressures of 4,140 kPa (600 psi) were effective at removing
soot deposits from sandstone but caused erosion in apparently
sound sandstone and disaggregation of friable areas.

Another important consideration is the volume of water used. This
may range from 4.5 1/min. (1 gallon/min.) for delicate work up to
36 1/min. (8 gallons/min.). When cleaning sandstone it is normal
for the water to be heated to improve the cleaning action.

High pressure water washing can be very effective at removing
organic growth, although it will generally not remove soiling from
severely soiled sandstone. The possible damage to stonework from
high pressure water should always be considered before any use of
this method.




The water lance is also used for rinsing after wet grit blasting or
chemical cleaning where it washes off dirt or chemicals remaining
on the stone surface (see Chapter 5).

Technical problems associated with water washing

Thetechnical problemsassociated withlow pressure water washing
also apply to high pressure water washing. The potentially
destructive effects of high pressure water on stone should not be
underestimated, units are available which are capable of doing
considerable damage to stone.

Most of the problems associated with long duration water washing
methods have to do with saturation of the stone (Ashurst, 1988).
Saturation, as a result of water washing, can have a number of
adverse effects. Deep penetration of water into the stone may drive
dirt orsalts deepinto the interior which are then difficult to remove.
If salts mobilised by the cleaning water migrate to the surface of the
stone this can cause efflorescences and discolouration.

Ashurst (1988) suggests that washing can result in brown staining
appearing on the surface of some types of stone (most noticeable on
light coloured stones) caused by tarry residues washing out of the
pores or as water dries out from the stones and joints. This may be
a problem where soiling is particularly heavy and hence is more
likely to occur on older buildings.

Decayed or loosened pointing may be lost due to water washing,
especially washing at high pressures. Water penetrating through
cracks and defective pointing can cause damage if it comes into
contact with timbers, iron fixings, electrical wiring and internal
fixtures and fittings. Water can also collect in voids within the walls
and elsewhere which may lead to direct damage or future problems
with rot.

In cold conditions trapped water can freezeresulting in considerable
damage to the stone and joints. Ideally, no water washing should
take place while there is any danger of this occurring.

Good cleaning practice

The testing procedures recommended in Chapter 6 should be
carried out prior to cleaning.

Many problems associated with water washing as a cleaning
technique can be avoided by adhering to the rule of applying the
minimum amount of water, for the minimum amount of time to the
precise place needed. This ideal scenario can be approached by
adopting a number of good practice measures.

Care should be taken to use the lowest pressure which achieves the
desired level of cleaning. Special care should be taken on areas of
decayed or damaged stone. Even at the lowest pressure, any loose
or spalling material is likely to be lost. The water pressure at the
stone surface is not only affected by the pressure set on the machine
but also by the distance of the nozzle from the stone and its angle.
Impact pressure decreases rapidly with increasing distance from
the stone surface and with increasing angle of incidence.
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Brushing the facade should commence as soon as the surface
deposits become soft enough to be dislodged.

The problem of excess run-off water down the building face can be
reduced by the use of splash boards and sheeting. These are
attached at intervals to the facade and channel the water away via
downpipes.

The question of whether to re-point before or after high pressure
water washing sometime arises. As cleaning by this method can
damage jointing material, it is usual to repoint after cleaning.
However, in situations where the original jointing material is either
absent or in a condition which would allow excessive amounts of
water to ingress into the building, it may be advantageous to re-
point before cleaning. If any mortar is lost in the cleaning process
repointing will be necessary.

Water washing at high pressure is often used to remove chemicals
from the stone surface or to wash off the residues of wet grit
blasting. Research (Webster et al., 1992) suggests that high pressure
water washing is generally little more effective than washing at
lower pressures. Using lower pressures also reduces the potential
damage which may be caused to the stone by using higher pressure
methods.

In the cleaning of limestones, the use of systems which employ a
continuous wet mist over the building reduces the total quantity of
water applied to the facade. In practice the effectiveness of mist
systems depends on how effectively the mist can be contained, as
even with tightly sheeted scaffolding draughts of air carry the water
mist away from the building (Ashurst, 1988).

Steam cleaning

Steam cleaning, commonly used in the inter-war period, is
infrequently used today. When used in conjunction with mild
detergents it can remove grease and oil. Itis also useful in situations
where other methods are difficult to use (e.g. on irregular surfaces)
where it loosens dirt by causing it to swell and become detached.
Steam cleaning should be followed by scrubbing as in the case of
water washing. It is effective at removing organic growth but is
slow, expensive and potentially dangerous for the operative. It is
considered by some authors to be little better than cold water
washing (Ashurst, 1972, 1975, 1988) and is ineffective at removing
severe staining.

4.3 Grit blasting techniques

Grit blasting covers a wide range of techniques. Most methods fall
into one of two broad categories; dry grit blasting and wet grit
blasting. In recent years grit blasting techniques have become
increasingly more sophisticated. Equipment is becoming available
which is more controllable in terms of pressures used and methods
of operation. The range and type of grit blasting particles, as well as
the methods available for delivery have increased enormously.
Many of these new techniques have been designed to be less
damaging to the stonework than existing methods. However, most
have not yet been subjected to independent scientific investigation.
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Figure 4.1 Typical example ot sandstone soiling,.

Dry grit blasting

In dry grit blasting the abrasive material is blown against the
surface by a stream of compressed air to scour away the soiling. In
its simplest form the equipment required consists of an air
compressor, abrasive and air delivery pipes and a container for the
abrasive material. Dry grit blasting can remove heavy soiling from
stone (Plates 4.1 and 4.2). Ideally, only the soiled surface layer
should be removed but in practice this is difficult to control and it
is easy to cause damage to a building using this method of cleaning
(Plate 4.3 and 4.4).

Abrasives used in the past were often sand or flint containing free
silica which exposed operatives and the public to the danger of lung
damage. Abrasives containing free silica are no longer permitted.
Abrasivesused today include mineral slags, olivineand aluminium
oxide. Even such materials as corn husks, egg shells, glass beads
and walnut shells have been employed as abrasives. The abrasive
used must be free of iron oxide as any residue left in the stone could
cause staining.

Various sizes of nozzle are available to deliver the abrasive to the
stone. These need to be carefully selected. Ashurst (1988) suggests
long venturi nozzles are effective on flat areas with even soiling as
they deliver particles evenly over a wide area. With detailed
stonework a thinner pencil shaped blastisrequired. Ideally, nozzles
should deliver a constant flow of abrasive to the stonework with the
air/grit mix at any pressure set as lean as possible (Ashurst, 1988).

The size of grit particles used can be altered to suit the conditions.
Fine grits are usually used for delicate work, carvings and friable
surfaces. Coarser grits may be employed in other situations. The
type of abrasive used is in part determined by stone and soiling
type. In the past, spherical abrasives such as glass bead have been
used to remove compacted soiling on hard rocks such as granite.
Angular abrasives, such as blasting grits have a cutting action and
are more suited to softer soiling (Ashurst, 1988). The absence of the
use of water means there is norisk of staining, efflorescences or frost
damage.

Pressures used for dry grit blasting typically range from as low as
50 kPa up to 700 kPa (7psi to 100psi). Damage can occur at any
pressure but is more likely at higher pressures. Dry grit blasting
techniques are easily misused. Operatives may increase the pressure
of blasting to speed up the cleaning process.

With sandstones, dry grit blasting works by removing the layer of
stone to which the soiling is attached. Young and Urquhart (1992)
conducted microscopic examinations of sandstones cleaned by dry
grit blasting at 550 kPa (80 psi). Results showed that in the samples
studied, little or no shattering of surface grains occurred, indicating
that cleaning occurs in association with grain loss rather than by
shattering of the surface. If thismethod is to be effectiveinremoving
the soiling, then the sandstone surface will have to be eroded back
until the thickness of the soiled layer is removed. This soiled layer
usually penetrates to no more than about 1 or 2 grain thickness
deep. The thickness of the soiling layer itself is usually no more than
a few pum thick (e.g. 10-100 um). The actual depth of soiling
penetration depends to a large extent on the grain size of the
sandstone as well as its porosity and degree of soiling (Fig 4.1).

49



%)

”‘v‘@f ;

-

e

£ -
230 v o

Plate 4.1 Sandstone building before grit blasting. Note how soiling on smooth faced stones tends to follow
particular horizons.
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Plate 4.2 After cleaning (same area as above). Most soiling has been removed. Some ingrained soiling remains.
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Plate 4.3 Damage to a sandstone building caused by dry grit blasting.

Plate 4.4 Damage to detailing caused by dry grit blasting.
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Technical problems associated with dry grit blasting

Most of the problems associated with dry grit blasting involve
erosion and surface roughening. Research into sandstone cleaning
by Young and Urquhart (1992) shows that it is usually the case that
higher abrasive pressures produce greater degrees of erosion. The
higher the grit blasting pressure the more critical is the physical
nature of the stone in controlling theamount of abrasion. Asdry grit
blasting works by the erosion of the surface layer, stone with
ingrained soiling should not be cleaned by this method, unless the
intention is to leave the more ingrained soiling in place.

Sandstone types which contain calcite cemented areas can beaffected
by pitting of the surface following cleaning (Plate 4.5). Pitting
develops if sandstones contain irregularly distributed calcite
cements. As calcite cements are much weaker than most other
cements, the calcite cemented patches are more rapidly eroded by
abrasive cleaning. Removal of the calcite inevitably leads to the loss
of the sand grains if they are held together only by the cement. The
end result is pitting of the surface of the sandstone.

Where there is a difference in hardness between the layers of a
sedimentary stone, grit blasting can erode away the softer material
and exaggerate the stone’s bedding planes (Plate 4.6). Whilst
cleaning, areas of stonework may be encountered which are very
easily eroded and which might not have been present on trial test
panels.

Surface roughening occurs in many stones subjected to dry grit
blasting. Smooth surfaced sandstones are almost invariably
roughened following cleaning and on detailed surfaces, sharpness
of outlinemay belost. A rough surface canincrease the susceptibility
of a stone to water retention, further pollution and dirt deposition.
Stone which is damaged, spalling or badly decayed is likely to be
severely affected by grit blasting (Plates 4.7 and 4.8).

Research by Young and Urquhart (1992) using scanning electron
microscope (SEM) examination of the surface of freshly cut
sandstones following dry grit blast cleaning, showed the presence
of large amounts of surface debris and, where clays were present,
these were often pulverised where they had been exposed to
abrasion (Plate 4.9 and 4.10). Both surface debris and broken clays
may clog the surface pores and reduce the permeability of the
surface of abrasively cleaned sandstones.
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Plate 4.6 The relief of this stone’s bedding planes has been
exaggerated by cleaning which preferentially eroded the softer
layers.
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yed sandstone with spalling, soiled surfaces before cleaning.

Plate 4.8 After cleaning (same area as above). Spalling surfaces completely removed by cleaning.
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Plate 4.10 SEM photomicrograph of Cat Castle Sandstone after cleaning by dry grit blasting at 80psi. The clay
minerals to the left (kaolinite) have been pulverised by impact and there is a lot of debris on the stone surface.
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Good cleaning practice

Testing procedures asrecommended in Chapter 6 should be carried
out prior to cleaning.

It is essential when contemplating dry grit blasting to understand
the physical characteristics of the stone, and to note the presence of
any decayed or spalling stone, since this will almost certainly be
eroded by cleaning. Dry gritblasting should notbe used on polished
surfaces or on areas of delicate architectural detail or carvings.

The pressure used in dry grit blasting should be the minimum
necessary to produce a level of cleaning consistent with the least
damage to the stone. The hardness and size of the abrasives used
needs to be considered against the softness of the stone. It might be
the case that a range of different abrasive particle sizes are used on
a particular building depending on conditions.

Dry gritblasting should be followed by low pressure water washing
if any surface debris remains on the stone. This debris is unsightly
and if left on the stone, may speed the resoiling process.

The residues from dry (and wet) grit blasting can block gutters,
downpipes and even sewers. Care should be taken to avoid this
problem.

Dry grit blasting produces considerable amounts of dust. This can
ingress into buildings through the smallest opening. All necessary
precautions should be taken to ensure this is avoided. The nuisance
from dust can, to a large extent, be reduced by screening the
scaffolding with sheeting and sealing off windows and other places
where dust can ingress.

Abrasive cleaning can be very hazardous to operatives and those in
the vicinity of the cleaning operation. Lung damage can be caused
by inhaling airborne silica, dust and debris from cleaning. Even
when a non-silica abrasive is used, silica can be released from the
stone surface. Sandstones, granites and some limestones contain
silica in the form of quartz and if the surface is abraded, this silica
will bereleased into the atmosphere. Operatives must wear proper
protective clothing, including "air-line” helmets which supply a
constant stream of clean air inside the helmet.

Noise, particularly from the delivery nozzle and the impact of the
air and abrasive mix on the stonework can be problematic and is
difficult to avoid. Forewarning those likely to be affected by noise
can at least be done. Compressors should be sited so as to reduce,
as far as possible, noise from this source.

As dry grit blasting is a method which can cause considerable
damage in the hands of unskilled operatives, training and proper
supervision is essential.




Wet grit blasting

This method is similar to dry grit blasting except that water is
introduced into the air/grit stream to make a slurry, which is then
delivered to the stone with either a single large or several small jets.
The process uses a minimum amount of water and produces much
less dust than dry grit blasting.

Wet grit blasting can be very effective at removing heavy soiling
which is not ingrained into the stone (Plates 4.11 and 4.12).

Technological advances have been made with wet grit blasting.
Equipment is becoming available which delivers the air, water and
abrasive in a range of different possible permutations. Some newer
wet grit blasting systems operate with lower pressures and smaller
amounts of grit than in the past. A range of alternative abrasive
materials are also being tried out. Sodium bicarbonate for instance,
is sometimes used as an alternative to harder abrasive particles.
Many of these systems await independent scientific testing. -

Technical problems associated with wet grit blasting

Many of the difficulties associated with dry grit blasting are also
common to wet grit blasting, particularly those associated with
surface roughening and erosion. Pressure of the water/grit mix at
the stone surface is the most critical factor governing surface
roughening and erosion of the stone. Young and Urquhart (1992)
found little difference between dry and wet grit blasting at similar
pressures in terms of surface erosion and roughening. Operator
controlis also critical and, apart from blasting pressure, is probably
one of the main factors influencing the amount of erosion and
surface roughening that occurs.

Wet grit blasting is ineffective at removing sub-surface soiling. As
water is used, there is a danger of efflorescences due to the
mobilisation of salts within the stone. There is also the potential
problem of water penetrating the building. Loose or damaged
pointing should be replaced prior to cleaning to prevent water
ingress. If any mortar is lost in the cleaning process repointing will
be necessary. Wet grit blasting should be halted where thereis any
possibility that water entering the stone could freeze.

Clouds of wet spray can hamper the vision of operatives resulting
in an uneven clean (gun-shading). This is caused by differential
erosion asaresult of unevenapplication across the surface. Problems
can often arise with clogging of equipment. As a result, operatives
are sometimes tempted to turn off the water supply, in effect
reverting to dry grit blasting.
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Plate 4.11 Heavily soiled sandstone prior to wet blast cleaning. There is severe soiling on the exposed ledge and typical
soiling of smooth, vertical stonework under the ledge.
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Plate 4.12 After cleaning (same area as above). Following cleaning virtually all soiling has been removed, but there is
a thick crusting of loose dust and debris from wet grit blasting coating the surface.
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Good cleaning practice

Testing procedures asrecommended in Chapter 6 should be carried
out prior to cleaning,.

It is essential when contemplating wet grit blasting to understand
the physical characteristics of the stone, and to note the presence of
any decayed or spalling stone, since this will almost certainly be
eroded by wet grit blasting. Wet grit blasting should not be used on
polished surfaces or on areas of delicate architectural detail or
carvings.

The pressure used in wet grit blasting should be the minimum
necessary to produce a level of cleaning consistent with the least
damage to the stone. The hardness and size of the abrasives used
needs to be considered. It might be the case that a range of different
abrasive particle sizes and pressures are used on a particular
building depending on conditions.

It is essential following wet grit blasting, that the masonry is
properly washed down. High pressure, low volume water lances
have been commonly used for this task, although low pressure
washing is, in most cases, just as effective and avoids the risks
inherent in using high pressure. Failure to thoroughly wash down
masonry after wet grit blasting results in dust and debris adhering
asa hard crust to the surface of the stone (Plates 4.13 and 4.14). Care
must be taken to ensure that sludge is removed from all places
where it can collect such as on or under ledges and behind
downpipes. This washing should commence from the top of the
building to avoid washing debris onto previously cleaned areas.
Any build up of sludge on the ground or under scaffolding should
be regularly removed to prevent blockage of drains. Care should
also be taken to ensure that debris does not wash over and dry on
adjacent facades (Plate 4.15).

Plate 4.13 Dust and debris coating the sandstone surface after wet grit blasting.



Plate 4.14 Hardened rock dust/grit deposited on this stonework as a result of wet grit blasting
is disfiguring the architectural detailing.

i

Plate 4.15 Debris wash over on to the next facade after wet grit
blasting.
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Low pressure dry grit blasting

Low pressure grit blasting was originally developed as a tool in
museum conservation work for restoration and cleaning of delicate
objects. In recent years the technique has been scaled up for use in
stonecleaning. The method involves combining finely graded
abrasive powder (for example aluminium oxide) with compressed
airatvery low pressure. Thisis directed onto the stone using a small
nozzled gun (Plate4.16). Pressures used are commonly in the range
20 kPa to 35 kPa (3 to 5 psi).

This method of cleaning is claimed to have advantages over other
physical methods of cleaning. In some cleaning situations it has a
minimal effect on the physical structure of the stone (Plate 4.17).
Under ideal circumstances the method can be effective at removing
heavy surface soiling whilst retaining the natural patina of the
stone. Erosion of the stone often appears to be negligible and
delicate tooling marks may be retained (Plates 4.18 and 4.19). With
some types of stone this method is not always effective at removing
soiling (Plate 4.20).

g

Plate 4.16 Low pressure grit blasting in operation.
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Plate 4.17 Sandstone partially cleaned using low pressure grit
blasting. No apparent erosion along edge of the stone.

el B o et P R i X A
Plate 4.18 Sandstone partial

ly cleaned using low pressure grit blasting. Right side of corner cleaned, left side
uncleaned. The left side shows soiling at the top and a naturally unsoiled area to lower left. The cleaned area to

the right was originally black with soiling. Its appearance now resembles the natural weathered patina. Tool
marks are retained.
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Plate 4.19 Sandstone partially cleaned using low pressure grit
blasting. Mostsoiling has been removed and tool marks are retained.

-

S

Plate 4.20 Test panel cleaned using low pressure grit blasting.
Surface soiling has largely been removed, more ingrained soiling

remains.
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Technical problems associated with low pressure dry
grit blasting

Low pressure blasting is not always effective in removing more
ingrained soiling and thickly encrusted organic growth (Plate 4.21).
Buildings cleaned using this method may well retain appreciable
amounts of visible soiling (Plate 4.22). Ideally the method should
remove soiling from between stone grains without eroding the
grains themselves. If the gaps between grains are much smaller
than the grade of grit used, cleaning may be unsuccessful (Fig 4.2)
(Urquhart et al., 1992).

The method does allow for a high degree of operative control and
the cleaning can be quickly stopped if any difficulties are
encountered. On some stone types erosion and surface roughening
can occur. As low pressures are used, the problem of airborne dust
and debris is reduced.

Good cleaning practice

Testing procedures as recommended in Chapter 6 should be carried
out prior to cleaning.

The points raised in connection with dry grit blasting also apply to
low pressure grit blasting.
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Figure 4.2 Typical effect of low pressure dry grit blasting. Note residual soiling.




Plate 4.22 Sandstone building cleaned by low pressure grit blasting. Some soiling is still visible on the facade.
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4.4 Mechanical cleaning

Avariety of techniques, including the use of brushes, discs, abrasive
block and needle guns can be grouped under the general heading
of mechanical cleaning methods. These work by abrading and
removing the surface of the stone, removing the surface layer and
thereby exposing fresh stone. The use of some of these methods can
be particularly damaging since they remove the surface patina and
blur tooled detailing on the stone surface. In the past, considerable
damage has been caused by these methods. While virtually never
used today as the principal method of cleaning a building, they are
occasionally used toremove stubbornstains which remain following
other cleaning treatments.

Disc cleaning

Disc cleaning involves the use of carborundum discs and brushes
attached to power tools and applied directly to the surface of the
stone. A range of different discs and brushes are available to suit the
work being undertaken. Undoubtedly this is the most damaging
form of mechanical cleaning, particularly as the considerable
abrasive power of the machines is very difficult to control, even in
the most skilled hands. Typical forms of damage include the
distortion of straight arrises and loss of original surfacing on flat
surfaces and carved details. Mechanical grinding can result in the
scouring of facade surfaces and the "imprinting” of the disc as a
series of curved, shallow hollows on the stonesurface. Disccleaning
results in the re-dressing of the stone.

Dry brushing

This involves manually brushing the facade with a stiff bristle or
nylon brushing to remove organic growth and loosely bound
surface dirt. Sometimes a commercial grade vacuum cleaneris used
to take away the debris as it is removed from the surface. More
ingrained soiling will not be removed by this method. It can be
effective on rubble and rock faced ashlar buildings where soiling is
less noticeable or where only a low level of cleaning is required
(Plate 4.23).




Plate 4.23 A rubble constructed bliling cleaned by dry brushing.

4.5 Effects of abrasive cleaning on sandstone
facades

Most abrasive cleaning methods work by removingalayer of grains
from the surface of the facade and with it the outer soiled layer. It
is unlikely that the colour of stone exposed below the soiling will be
identical to that of the fresh stone.

On facades of smooth stone a minimum of surface area is exposed
to abrasion. Tooled surfaces expose a slightly greater area and may
therefore experience somewhat greater degrees of abrasion. The
greatest surface areas of stone will be exposed at corners of blocks
and in areas of detail. Here the potential for material loss will be
much greater. Note that such exposed areas of stone may also be
suffering from the worst effects of decay and deterioration. This loss
of material can lead to loss of detail, rounding of sharp edges and
the distortion of arrises (Plate 4.24). Areas of spalling or decayed
stone will not survive most abrasive cleaning.

Roughening can be caused simply by the removal of a layer of
grains from the sandstone surface. In coarser grained sandstones
this will lead to a greater degree of roughening than in finer grained
sandstones.
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Gritblasting generally erodes the surface of the sandstone unevenly.
Variability introduced by the operator and variationsin the physical
characteristics of the sandstone make it almost impossible to clean
a sandstone facade using abrasives without causing some
roughening. The amount of roughening which can be caused is
greater at higher grit blasting pressures.

A compact, well cemented sandstone may be only minimally
affected even by high pressure abrasive cleaning. A less dense,
lightly compacted sandstone with less cementing material is more
vulnerable toabrasionand may beseriously eroded evenatrelatively
low grit blasting pressures.

Uneven surface erosion can result where there are differences in the
hardness of the minerals which make up the sandstone. Thisapplies
both to mineral grains and cements. Calcareous sandstones are
especially vulnerable to this type of surface roughening since calcite
cemented areas are more easily eroded than the surrounding
sandstone. Variable loss of material from particular bedding layers,
resulting from differences in mineralogy or grain size, will result in
different degrees of erosion on individual stone blocks. Sandstones
in building facades are normally placed with their natural bedding
planes horizontal. If cleaning results in raised ridges across the
sandstone surface these will trap soiling washed down the facade
by rainwater resulting in increased rates of resoiling and increased
levels of water uptake.

Most physical cleaning methodsare effectivein removing superficial
algal growth from sandstone (Plates 4.25 and 4.26), although the
potential damage to stone should always be considered before they
are used.

The method adopted to clean sandstone should be selected so as to
produce a level of cleaning consistent with the least damage to the
stone.

Plate 4.24 Following cleaning this arris is no longer straight, as the
shadow shows.
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Plate 4.26 After wet grit blast cleaning (same area as above). Algal growth completely removed.
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4.6 Resoiling of facades following abrasive
cleaning

It is likely that a stone surface roughened by abrasive cleaning will
resoil at an accelerated rate compared with a smooth surface, since
arough surface is more efficient at trapping particulate soiling and
water.

Following cleaning, a rougher surface with, as a consequence, a
greater degree of exposed surface area, may be more hospitable to
biological organisms. Water run-off rates will be slower over a
rougher surface. Slower run-off may increase the depth of
penetration of absorbed water where such run-off is concentrated.
Suchareasmay, therefore, remaindamp forlonger periods following
wetting, encouraging organic growths and attracting more soiling.

The surface debris which results from abrasive cleaning, if not fully
removed, can be washed into pores on the surface of the sandstone,
and may affect water absorption and evaporation rates which can
potentially affect the resoiling rate of a facade. The debris in itself
will trap both organic and inorganic soiling,.

The rate of resoiling will also be dependent on the location of the
building, its orientation and on local atmospheric conditions.

4.7 Summary of the effects of physical cleaning

A number of general conclusions can be drawn with regard to the
various physical methods of cleaning stone.

Water washing consists of applying water, with or without hand
brushing, at either low or high pressure to the building facade to
remove the soiling. Water washing is a commonly used method to
clean limestone but is much less effective at removing the more
strongly bound soiling from sandstones and granites. Apart from
the problem of water saturation, low pressure water washing is
relatively problem free. High pressure water washing can be
physically damaging to stone, particularly soft sedimentary or
decaying stone.

Dry and wet grit blasting are two common methods of abrasive
cleaning. Both methods can be effective at removing soiling, but
carry a number of consequences. The two significant forms of
damage duetoabrasivecleaningare erosion and surfaceroughening.
The degree of erosion and surface roughening depend mainly on
theblast pressure adopted and the dwell-time of the jet on the stone
surface. The blast pressure at the stone surface is not only affected
by the pressure set on the machine but also by the distance of the
nozzle from the stone. Pressure decreases rapidly with increasing
distance from the stone surface. As might be expected, coarser
grained stones have been found to suffer a greater degree of surface
erosion than fine grained stones, due to the removal of the larger
grain particles. Complete removal of soiling from a stone can only
be effected by eroding the surface of the stone back until the
thickness of the soiled layer is removed. The soiled layer on a
sandstonenormally extends toa depth of one or two grain diameters.




The amount of erosion suffered is related to the exposed surface
area of the stone. A smooth dressed stone exposes a minimum area,
whereas a stone with a tooled or detailed surface will expose a
significantly increased surface area and will consequently suffer
increased erosion. The use of abrasive cleaning techniques on a
tooled surface can have very variable results, depending on the
nature of the abrasive cleaning used.

Abrasive methods can change the original surface texture of
sandstones which have a pronounced fabric. The loss of material
will tend to be greater on the softer, less resistant layers.

Nosalts or other chemicals are introduced into the stone, so the only
occasion when efflorescence might result would be following wet
cleaning if salts were previously present in the stone.

Low pressure grit blasting is designed toreduce the type of damage
caused by high pressure blast methods. It can be effective at
removingsuperficial soiling from stone, althoughitmay notremove
more ingrained soiling. Erosion and roughening may still occur on
vulnerable stones.

Mechanical cleaning methods embrace a number of techniques
fromdrybrushing by hand to discs and brushes used in conjunction
with power tools. This form of cleaning is rarely used in isolation
from other forms of cleaning. Cleaning devices attached to power
tools are capable of doing considerable damage to stone, even in
experienced hands.

With physical cleaning in general, operator control in conjunction

with the pressure used, is the critical factor influencing the amount

of stone erosion and surface roughening which may occur. On-site

quality control and effective operator training are therefore the key

elements in reducing the degree of damage to the stone when using
physical cleaning techniques.

Unlike chemical cleaning methods, the cleaning can be stopped
quickly if problems arise. Although often not removing all soiling
from stone, quite pleasing results can sometimes be achieved
especially with the less aggressive methods.

Aesthetically pleasing results may be achieved without complete
removal of soiling. With all abrasive methods of cleaning the
method selected should be consistent with the least damage to the
stone.
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Chapter 5 Chemical cleaning methods

5.1 Chemical cleaning regimes

Chemical cleaning methods work by chemical reaction between the
cleaning agent, soiling and the masonry surface to which thesoiling
is attached. A wide range of chemical cleaning agents is available
commercially, butall canbe categorised intoa few groups according
to their chemical and physical properties. Methods recommended
for their usealso vary between manufacturers. Aliquid acid cleaning
regime might involve the following steps:-

1. Pre-wet the stone.

2. Applyalkaline degreaser and allow todwell for anappropriate
length of time.

3. Thoroughly wash off with high pressure water spray.

4. Apply acid cleaner and allow to dwell for the correct length of

time.
5. Wash off with high pressure water spray.

An alkaline poultice cleaning programme might involve:-

Application of poultice to dry stone.

Cover with plastic sheet to prevent drying.

Leave for stated time.

Unwrap and scrape off poultice.

Rinse off with water.

Apply neutralising wash and allow to dwell for stated time.
Wash with high pressure water spray.

NGB

Chemical cleaning agents

Chemical cleaners range from acids through to alkalis. The active
ingredient may beasingle component material oramixtureand can
vary considerably in concentration as well as strength. Table 5.1
shows some common active components.

The physical nature of cleaning agents is usually modified by the
addition of relatively inert materials which control the viscosity.
Thus the acids and alkalis which are the active ingredients may be
presented as fairly mobile liquids, thixotropes, gels or pastes
(poultices). Other additives may include detergents and biocides.
Technical literature from the manufacturers, suitable for contractors,
is usually supplied with the cleaning agent. However modification
of chemical strengths or dwell times may be necessary if indicated
by analysis of test panel results. In commercial practice, procedures
are often adapted to suit particular situations. It should be stressed
that where procedures areadapted, this should be done on the basis
of scientific analysis of test panel cleaning (see Chapter 6), and not
simply on a visual inspection of the cleaned stone.
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Table 5.1 Common active components of chemical cleaning agents.

Active Ingredients

Alkalis : Sodium hydroxide Decreasing
Ammonia base
Sodium carbonate strength
Sodium bicarbonate

Acids: Hydrochloric acid Decreasing
Sulphuric acid acid
Phosphoric acid strength
Hydrofluoric acid
Ammoniuum hydrogen fluoride

5.2 Chemical cleaning of sandstones

The action of chemical cleaning agents on sandstone

Research by Webster ef al. (1992) on the cleaning of sandstones
points to a number of effects of chemical cleaning agents.
Hydrofluoric acid (HF) based chemical cleaners appear to work by
dissolving the surface layer of sandstone (normally only a few
microns in thickness) to which the soiling is attached. The soiling is
then removed, along with some dissolved and loosened sandstone,
when the facade is washed down. The amount of sandstone which
is dissolved in this process is small compared to the amount of
material which is abraded by many physical cleaning methods.
However, some solid material can be lost if the chemical treatment
attacks and loosens cementing minerals in the sandstone. Grains
can be lost from the sandstone surface where the cementing matrix
has been removed. Grain loss may be particularly marked where
the cementing matrix is highly soluble in the cleaning chemicals.

Some sandstones contain calcite (CaCO3) as a cementing mineral.
The calcite may be distributed throughout thebody of the sandstone,
but if the calcite is concentrated within particular areas of the
sandstone, preferential erosion by acidic chemical cleaning agents
may result in surface pitting (Plate 5.1).

Research by Websteret al. (1992), adopting standardised laboratory
test procedures on freshly cut sandstone, has shown thatany given
sandstone can behave quite differently under differentacid cleaning
regimes. These results may not reflect what occurs in commercial

‘practice, where cleaning regimes are varied to suit different stone

types, but this research demonstrates the potential of chemical
cleaning regimes to damage stone by direct action.




Plate 5.1 Pitting of a sandstone surface caused by removal of calcite
by acid cleaning.

Penetration and retention of chemicals in sandstone

Sandstones are often highly porous and permeable. Whenever
chemicals are applied to sandstone, no matter how carefully the
sandstone is washed down afterwards, some chemicals will
inevitably be left behind in the stone. Chemicals may gain access to
the interior of the sandstone either through surface penetration or
through joints where pointing has deteriorated. Chemicals
remaining in sandstone after cleaning have the potential to create a
number of problems. These may be apparent visually but can also
be insidious, as subtle changes within the stone giving rise to longer
termdeleterious effects. The danger of chemicals penetrating deeply
into stonework viajoints can bereduced by replacement of defective
pointing before cleaning (see Section 5.6 Mortar repairs).

The changes brought about by absorbed chemicals are very varied
and depend on the mineralogical composition of the stone, the
pollutants present and the nature of the chemical cleaners
themselves. Effects may include the mobilisation of salts and
previously stable minerals. Visual consequences may include
changes to the stone colour such as bleaching or staining (Plate 5.2),
or the precipitation of efflorescences on external surfaces (Plate 5.3).
One of the more insidious effects of internal chemical changes is to
create pressures within the pores of the stone due to expansion and
contraction of salts which hydrate and dehydrate as ambient
conditions vary. These hydration pressures can cause accelerated
decay.

When these indirect effects, due to the absorption of chemicals, are
added to thedirecteffect of the chemicals dissolvingaway cementing
minerals, the consequences can be very severe in that architectural
features can be affected. For instance, surface texture can be altered,
architectural quality lost and arrises lose their sharpness.
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Research by Webster et al. (1992) has shown, by standardised tests
on freshly cut stones, that some sandstones have a great propensity
to absorb cleaning chemicals. There is a tendency for more porous
stones to retain a higher proportion of the applied chemicals than
less porous stones. The amounts retained varied from about 40% to
80% of the applied substances in these standardised tests.

The amount of chemicals retained depends to some extent on the
orientation of the sandstone bedding planes. The vertical face of a
horizontally bedded stone absorbs more than that of a vertically
bedded stone. Research has shown that extraction of the absorbed
chemicals with wateris generally only partially successful,indicating
that there are mechanisms which immobilise absorbed chemicals.
These mechanisms may include the formation of insoluble salts and
interactions with clay minerals. Depth profiling techniques
(discussed in Chapter 6) can establish the depth to which chemicals
penetrate stone. Laboratory research using freshly cut stone, has
shown that cleaning chemicals can penetrate to considerable depths
(up to 20mm). The greatest concentration of retained chemicals
occurs within 2mm of the surface of the stone. The amount of
retained chemicals within the stone tends to decrease progressively
from high concentrations near the surface, to lower concentrations
within the body of the stone (Webster et al., 1992).

Research on soiled stones has shown that absorption of cleaning
chemicals can occur, just as in the case of freshly cut stones.
However, the subsequent fate of the absorbed chemicals is
complicated by the presence of pollutants. Chemical reactions
between the cleaning chemicals, stone and soiling may result in the
formation of new chemical compounds in the stone. Relatively
large amounts of sulphate are often found in aged sandstones. This
is thought to arise from atmospheric pollution, particularly in the
form of acid rain (dilute H,SO4) which reacts with calcium
compounds in the mortar or stone, to form sparingly soluble
calcium sulphate (CaSO,). The application of cleaning agents may
result in the the solublization of this sulphate. As much as 2% by
weight of soluble sulphate has been found in the surface layers of
soiled stone after cleaning. In other cases the quantity of soluble
sulphate released is much lower (Webster et al.,, 1992). The
quantitativeresult of cleaning is at present unpredictable, therefore
it is essential that individual testing procedures are implemented
(Chapter 6).

Research has recently been conducted into the penetration of
chemical cleaning agents in the soiled sandstone of the Scott
Monument in Edinburgh (Dixon, 1993). The research data relates to
trials involving the use of an alkaline poultice and acid afterwash.
Sodium residues (from the alkaline poultice) were found in the
outer2-20mm of thesandstone. The penetration of sodium depended
on the strengths, application time and consistency of the poultice,
thelevel of soiling of the stone and its state of weathering. The level
of sulphate in the stone was generally highest in the outer 2mm
before cleaning and was washed further into the stone by cleaning
chemicals. Its distribution after cleaning was somewhat irregular.
The mechanism of its movement is not fully understood. Depth
profiles (Chapter 6) of these and other solubleions change over time
due to natural weathering. Movement of soluble salts where an
entire facade has been chemically cleaned is likely to lead to
depletion in some areas and concentration (possibly with
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