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Abstract 

Scotland has a rich stone-built heritage, mostly constructed from sandstone and 

granite, dating from the Middle Ages until the present day. There is evidence that many 

buildings are damaged due to weathering processes that have been exacerbated by 

previous aggressive stone cleaning. Separating natural and man-made damage, due to 

cleaning interventions is very difficult.  Decay is caused by a combination of material 

properties that can be altered by cleaning and other interventions and the effects of a 

changing environment. 
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1. Introduction 

The tradition of building from stone in Scotland is very old and ensues from the 

geological background. Sedimentary, igneous and metamorphic rocks were used in 

construction across the ages. Buildings constructed from sandstone in previous centuries 

are now decaying. This paper presents information about typical sandstone types used 

for construction in Glasgow, sandstone weathering problems and an overview of the 

consequences of stone cleaning. Previous research shows that cleaned and repaired 

sandstone facades have significantly higher incidences of decay than non-cleaned ones 

in Scotland (Young et al. 2003). However, it is very difficult to find accurate 

information and documentations about past stone cleaning in Scotland, and very little 

information exists on the detailed microstructural causes and effects of weathering as a 

consequence of cleaning. It is also, in this context, very important to assess natural stone 

weathering, in addition to decay ensuing from cleaning and climate change effects in 

Scotland. At this stage of the research, this paper will overview the main factors of 

stone decay in the major blonde sandstone types for Glasgow and will show some decay 

problems in masonry weathered in the comparatively wet climate of Western Scotland. 

This is important as a basis for further work focusing on the mineralogical and 
microstructural nature of the significant classifications of decay. 

 

2. Glasgow and sandstone buildings 

The geological setting of Glasgow relates to the Midland Valley of Scotland that 

contains mainly sedimentary rocks of Devonian and Carboniferous age. Glasgow has a 

significant Victorian age (late 19th Century in the UK) architecture constructed mainly 

from sandstone. The bulk of the building stone was sourced locally, or was transported 

from northern England and the South West of Scotland. As Lawson (1981) states: 



“Cream coloured Carboniferous sandstone of Upper Limestone Group age runs 

underneath the centre of Glasgow and it was this which provided the original building 

stone for city.” This cream coloured or “blonde” sandstone was formed by the 
weathering and erosion of all types of pre-existing rocks, but predominantly quite 

mature quartz bearing sources, and were deposited in a fluvial environment (Cameron 

and Stephenson 1985).  

One purpose of this research is to recognise typical sandstones types, and to define 

what a “typical stone” is for Glasgow. Hyslop et al. (2006) subdivided the two main 

sandstone types used in Glasgow, into 6 blonde sandstone types and 4 red sandstones. 

Their results are based on optical petrographical analyses; each type of sandstone is 

described according to its mineralogical make-up, cement or property differences. 

White or blonde sandstone typically contains silica grains cemented by iron and 

magnesium carbonates, kaolinite clays and iron oxides and with porosity of around 20% 

(Lawson 1981). The sandstones are very mature in framework grain composition, but 

contain secondary phases that are comparatively soluble and reactive (carbonates, clays 

and iron oxides). 

Another sandstone, red in colour, was deposited from sand accumulated in desert 

conditions during the Permian period. This sandstone, termed the New Red Sandstone, 

was blown into sand dunes with sloping surfaces; that is why it often contains cross-

bedding (Cameron and Stephenson 1985).  Most red sandstone of this type was 
transported from the counties of Dumfries & Galloway and Ayrshire.  The typical 

composition of this sandstone is quartz grains with an iron oxide coating, often with 

high smectite clay contents, and a high porosity. The second type of red sandstone 

typical for Glasgow was quarried from the top sections of the Carboniferous sequence 

North and West of Glasgow, but is relatively poor and unsuitable as building material so 

it was not very popular (Lawson 1981).  Our discussion in this paper will focus on 

problems encountered with buildings constructed with blonde sandstone. 

 

Table 1: Stone cleaning methods and its effects ( Young et al. 2003, 2004) 
Abrasive methods Consequences Chemical methods Consequences 

Grit blasting Abrasive 

damage to 

surface, loss of 
detail, erosion, 

Increased 

moisture 

retention 

Acid Chemical residues, 

salt formation, 

staining, bleaching 
Low pressure 

abrasive 

Alkali and acid 

Abrasive sponge Acid gel 

Frozen CO2 Pastes and poultices 

Water jetting Detergents 

Steam cleaning Chelating agents 

 

Mechanical 

cleaning (e.g. 

abrasive disc) 

 

 

 



3. Stone cleaning problems 

In the past 30-40 years the appearance of many buildings has been transformed by 

cleaning. Widespread stone cleaning in the UK began in the 1960s, with the buildings of 
London. Black coloured buildings have been transformed into clean light-coloured 

buildings (Young et al 2003).  However, the study of stonecleaning is difficult, in part 

because is very difficult to obtain information about techniques applied to buildings. 

The main problem is the lack of documentary evidence of how buildings have been 

cleaned in the past, e.g. using what chemicals, for what length of application or what 

abrasive technique. The important question is how previous cleaning has affected stone 

decay and, obviously, how to characterize this. 

 

 
Fig. 1 Uncleaned facade adjacent to an equivalent cleaned facade. This illustrates the 

degree of cleaning effect.    

 

 
Fig. 2 Detail of Fig 1, illustrates the degree of soiling removed from the unclean facade  

 



Scotland’s buildings are mainly constructed from sandstone. The techniques used for 

cleaning sandstone were more aggressive than those used for limestone (London’s main 

stone). During the early years of stone cleaning, the techniques used tended to be overly 
aggressive, designed for the worst black crust. The decay forms are well known but the 

mechanisms of these processes for different stone types and in relation to cleaning, are 

not very well understood. Table 1 illustrates the main stone decay types that have been 

associated with stone cleaning. On average, the amount of stone decay on chemically 

and physically cleaned facades was approximately twice that found on equivalent 

uncleaned facades (Young et al. 2003). For less soiled or dirty buildings, this meant that 

the cleaning was over-aggressive. High pressure grit blasting and concentrated acids in 

particular caused significant damage to buildings. According to research commissioned 

by Historic Scotland, facades that have undergone stone cleaning were found to have a 

significantly higher incidence of decay compared to uncleaned facades. (Webster et al. 

1992, Young et al. 2003, 2004).  

A wide range of abrasive techniques is currently available, which includes all 

techniques that physically abrade the building surface to remove soiling, discolorations 

or coatings (e.g. Ashurst 1994). Today the cleaning operators are generally more aware 

in terms of matching cleaning method to stone type, than in the past. The reason for 

cleaning is mainly to change an aesthetic appearance of a building. Cleaned buildings 

are lighter in shade and more appealing for the eye, but the cleaning must be well 
planned and executed and understood within its overall context of neighbouring 

buildings in addition to its architectural value and impact, otherwise there is no aesthetic 

improvement. If a cleaned building is between two uncleaned buildings it looks 

inappropriate.  

Figures 1 and 2 show the cleaned buildings adjacent to uncleaned examples, and 

demonstrate the variability of treatment and resultant effect, that may be related to 

consequent decay. Cleaning does not always improve the aesthetic appearance, but there 

consequences for durability, that will result in fabric issues in the future. It is clear that 

there are many aspects to the cleaning of masonry, and there is a need for future 

research to be focused on both mineralogical/geochemical analysis and perhaps on 

decision making in relation to social and property value benefit. 

 

3. Sandstone decay problems  

Buildings constructed from sandstone suffer from weathering, and if we look at the 

buildings in Glasgow and towns near Glasgow, we can easily observe a variety of stone 

deterioration effects. Previous research has concentrated on estimating the extent of 

damage of different cleaning methods to different stone types; to provide advice on the 

maintenance and repair of cleaned stone buildings; and to quantify the demand for 
future repairs and maintenance to the historic building stock (Webster et al. 1992, 

Young et al. 2003, 2004). However, there has been little research into the underlying 

mechanisms of decay resulting from the interaction of weathering processes on 

damaged stone and the behavior of residual chemical compounds, or how this 

degradation will be exacerbated in the future due to the effects of climate change, re-

mortaring, repair, stone replacement and additional cleaning. This information is 

essential in order to underpin future repairs and maintenance strategies. Although 



considerable research has been carried out on limestones, little is known of the detailed 

mechanisms affecting the decay of urban sandstone. 

The decay of blonde sandstone in the Glasgow area is commonly understood to 
involve the dissolution of active mineral cements (Fe and Mg Carbonates) and the 

migration to the surface and subsequent “fluorescence” of iron oxides, in a brown 

sometime relatively rigid patina.  The decay of feldspars and the swelling of kaolinite 

further weaken the subsurface, the weak zone encouraging the detachment of the 

surface patina, and granular disintegration subsequently (Bluck and Porter 1991). As a 

result the most common decay types encountered include granular disintegration, 

pitting, blistering, flaking, dissolution, mechanical damage, degradation of mortar, 

soiling, fissures, and black crust formation. Considering such subsurface weakening and 

patina formation, cleaning could encourage significant surface material loss. The 

damage categories are recognised worldwide, but there is little knowledge about how 

cleaning may affect them, and currently difficulty in understanding their origin on 

cleaned sandstone facades. 

 

  
 

Fig. 3. Representative blonde sandstone building in Paisley (near Glasgow) with decay 

problems (corner Church Hill and High Street). This building shows evidence of 

probable chemical cleaning. a) granular disintegration focused around mortar joints. b) 
delamination of a hardened iron rich patina, revealing a crumbling sandstone substrate 

below. c) water penetration from faulty guttering resulting in salt concentration and 

migration from an unknown source, and encouraging algal and other plant growth. 

a

a 

b 

c 

c 



Stone decay depends on many factors. The wet climate (approximately 1000mm/per 

year – Met office) in the Glasgow area is one of the major factors of decay, and rainfall 

is predicted to increase due to climate change. The durability of sandstone depends on 
its framework mineral composition and secondary cements. This is complicated by 

external, anthropogenic influences, especially cleaning. 

Figure 3 above, shows a typically damaged sandstone building. The illustration 

presents a chemically cleaned building with discoloration, accumulation of salts, water 

penetration through mortar to sandstone, dissolution and crumbling. It is very important, 

but also very difficult, to assess where the natural process of weathering finishes and 

human damage starts to exacerbate stone decay. To recognize the mechanisms of stone 

decay it is necessary to examine the natural processes of weathering. The penetration of 

water into rock will start the dissolution of minerals, the precise character and the 

effects of dissolution depends on the mineralogy of the rock. Figure 4 illustrates the 

most significant factors which can cause decay. 

 
Fig. 4.  The principal causes of stone decay in Glasgow sandstones.  

 

 

MATERIAL: 

durability depends on 

mineralogy, cements, 

porosity 

 

 

HUMAN FACTORS: 

stone cleaning, 

inappropriate or lack of 

maintenance, 

air pollution and acid rain 

 

 

 

 

CLIMATE CHANGE: 

predicted heavier 

rainfall and increased     

winds 

 

 

 

NATURAL FACTORS: 

weathering in wet climate, 

biological growth 

 

 

 

 

STONE DECAY 



Discussion 

The combination of a wet climate in the West of Scotland, with calcareous 

sandstone as the predominant building stone, has resulted in significant damage to 
buildings, attributable in part to previous stone cleaning interventions. Combined with 

predicted changing climate conditions, with increased rainfall, decay is likely to 

increase. There are significant difficulties in characterizing decay attributable to 

cleaning, complicated in practice by the difficulties of sampling in-situ samples. Much 

remains to resolved. The characteristics of the behavior of the weathering of blonde, 

arenitic sandstone with complex, reactive secondary mineralogy must be determined at 

micron spatial scales. There is a need to determine the behavior of cleaned and 

untreated stone in a changing weathering environment and for fundamental properties to 

be determined as inputs to modeling of future behavior.  
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