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PREFACE

This report summarises the findings of the English Heritage Research Project, Soft Wall Capping
Historic Masonry Walls, which was carried out in collaboration with the School of Geography and
the Environment, University of Oxford from 2004-7. The research built upon pilot study work,
commissioned by Chris Wood, Building Conservation and Research Team, English Heritage and
carried out by Heather Viles at the University of Oxford in 2000.

English Heritage has been interested in the potential of soft capping ruined walls for many years
and has undertaken some field trials of the technique. However, until now there has been no formal
testing of the performance of soft capping in comparison with hard capping under a range of
environmental conditions. Indeed, no assessment had been made about its effect on monuments,
either for soft capping which had deliberately been placed a decade or so earlier, or on ‘natural’ soft
caps which had evolved over centuries. This project aimed to fill this gap.

The chapters of this report come from presentations given at a one day conference organised by
English Heritage at the Geological Society of London called ‘Soft wall capping: A new
conservation strategy for ruins?’ on October 22nd 2007. English Heritage have now commissioned
a further 3 years of research which this started in 2008. The work is again being carried out by the
University of Oxford and English Heritage, and it will attempt to answer some of the unresolved
issues identified in this report.
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Summary (Heather Viles)

How best to conserve ruined monuments? What role does vegetation play in ruined sites? These
questions have been debated for many years, and remain of great importance today. The history of
presentation of ruined sites in England illustrates changing views on the role of vegetation,
encompassing both ‘romantic ruins; and ‘stable but sterile monument’ viewpoints. Current views
on presentation of ruins suggest that vegetation can enhance a site, as long as it does not cause
damage nor conceal important elements. This report presents the results from a 4 year research
project commissioned by English Heritage and carried out by researchers in the School of
Geography and the Environment at the University of Oxford in association with English Heritage
which investigated the role of soft capping on walls (grass and other plants used to cover wall tops)
as a tool for conserving ruins. The performance of soft capping was compared with that of hard
capping (wall tops constructed from stone and mortar) under a wide range of conditions. It is
important to stress that the research concentrated on technical issues, concerns about aesthetics and
presentation were not covered.
The research project combined field and laboratory research methods. Two phases of field research
were carried out. In phase 1, soft and hard capping trials were established at Byland Abbey,
Kirkham Priory and Thornton Abbey (Yorkshire region). Phase 2 consisted of soft capping trials at
Hailes Abbey (Gloucestershire), Howbury Moated Site (London), Whitby Abbey and Rievaulx
Abbey (both Yorkshire region). At all sites simple photographic re-surveys were carried out to
assess the changing condition of the capping. At Byland Abbey a telemetric logging system was set
up to record moisture and temperature conditions at the wall heads under soft and hard capping
from February 2005 to September 2006. Wooden dowel and 2D resistivity surveys were carried out
at Byland Abbey and Hailes Abbey in order to monitor changing moisture conditions in the walls
under different soft cappings. Parallel, scaled down laboratory and field experiments were carried
out to investigate the impacts of different cappings on temperature and moisture regimes.
Soft capping was found to provide a better thermal blanket than hard capping under both field
conditions at Byland and under harsh laboratory and field tests using small blocks. Daily
temperature variations were often dramatically reduced using soft capping, reducing the threat of
damage from thermal expansion and contraction especially to walls which have already been
consolidated using hard mortars. Furthermore, temperature drops below 0oC were minimised under
soft capping, reducing the risk of frost damage.
Soft capping was found to have complex influences on moisture regimes within the wall heads at
Byland Abbey and in laboratory experiments. Results showed some support for the hypothesis that
soft capping reduced the frequency of short term wetting and drying of wall heads. Further research
is now being carried out to provide a more conclusive dataset. The dowel surveys at both Hailes
and Byland Abbey showed that soft capping moderated the moisture variations in comparison with
hard capping. Walls under soft capping appeared somewhat wetter than those under hard capping
in winter, with the reverse true in summer. The 2D resistivity surveys at Byland Abbey illustrated
drier conditions under soft capping in spring and autumn. Further research is now underway to
study in more detail the variability of moisture regimes under hard and soft capping.
Repeat photography at the field sites illustrated the changing appearance of soft capping, which
dries out in summer and over time shows some colonisation by opportunistic species. Botanical
surveys indicated that species such as Red Fescue and Smooth Meadow Grass survive best in soft
caps, because they are more drought tolerant and can regenerate well from their own seed. Our soft
and hard cap trials were constructed using best practice methods, which are described in more detail
in the report, as are issues of maintenance.
7

The research project has indicated that soft wall capping does play a useful role in the conservation
of ruined monuments. It provides effective protection from thermal fluctuations and freeze-thaw,
and appears to reduce short-term moisture fluctuations within walls and water running down the
face, both of which can encourage stone deterioration. Our field trials showed that soft wall
capping is relatively cheap and easy to install and maintain, in comparison with hard capping.
However, further research is now underway to clarify the impact of soft capping on moisture levels
within the underlying stonework, and to provide longer term monitoring of the field trials. Soft
capping, as with any conservation technique, should only be used carefully and can only contribute
to the solution of some deterioration problems which affect ruined monuments.

8

Section A: Introduction to the research project (Heather Viles and Chris Wood)

This document has been produced by synthesising the presentations given at the research project
conference, in October 2007. After a brief introduction to the concept of soft capping and the scope
of the research project (section A), a historical and philosophical introduction to the subject is given
by Jeremy Ashbee (section B). This gives the reader some insight into the changing attitudes
towards historical monuments and the various methods employed by conservationists through the
ages, thus allowing some understanding of the current day situation. The document then continues
with detailed descriptions, by Heather Viles and Chris Wood, of the field sites where soft capping
trials were conducted and the methods used to monitor and investigate the effect that soft capping
has on the underlying stonework (section C). Section D (by Heather Viles) is an extensive results
chapter providing data and interpretation to answer five key questions posed by the research project:
1) Does soft capping provide a good thermal blanket?
2) Does soft capping reduce moisture fluctuations in the wallhead?
3) How does soft capping influence moisture level lower down in underlying walls?
4) How does the appearance of soft capping change over time?
5) How does the species composition of soft capping change over time?
These questions are answered using data obtained from a combination of laboratory and field based
investigations using data from a variety of different field sites. However, it is important to note that
most of the data presented here is taken from Byland Abbey which provided the research team with
the best opportunity for using a range of different field monitoring techniques. The document has
two sections giving practical guidance on best practice for both soft capping and hard capping
(sections E and F respectively). These sections are adapted from the presentations given at the
conference by the soft and hard capping advisers on the project; Alan Cathersides and Colin Burns.
Finally, a concluding section by Chris Wood considers the implications of the research, in relation
to the conservation of historic monuments, and points out further questions that this research has
prompted.
Soft capping can be defined as the use of grass and other plants plus soil to cover largely horizontal
masonry surfaces to protect the wall below. This research project has focused on the use of soft
capping as a method for conserving ruined historic masonry walls. The overall aims of the project
were as follows;
• to test whether soft capping works effectively,
• to compare soft capping and hard capping techniques,
• to determine best practice for the implementation of soft caps.
The debate about the presence of vegetation on monuments is not new; written references go back
to the 17th century. For many hundreds of years vegetation was allowed to establish on the ruined
walls of ancient monuments. However, during the 20th century it became common practice to strip
off foliage and plant growth and expose the underlying masonry. It was commonly supposed that
the presence of vegetation was part of the reason for walls staying damp. However, towards the end
of the 20th century soft capping was tried on wall heads because of the perceived problems with
hard (mortar) capping. However, there was little or no testing or monitoring done to assess the
benefits or problems with the vegetation cover. Answering these questions became the motivation
for this research project.
The appearance of ruined walls is a major consideration when contemplating conservation
treatments and this is particularly so with soft capping. The ‘picturesque’ and ‘romantic ruin’ are as
pertinent today as they were two centuries ago as described in section B. The research presented in
this report is largely confined to the technical and practical implications of carrying out soft
9

capping. The aim is to better understand what effect it will have on the natural decay of monuments
before philosophical and aesthetic judgements are made to determine whether or not it will be
appropriate.

Limitations of hard capping

Photograph A1 (left): Harsh frosts induce cracking in the cement hard caps at Okehampton Castle.
Photograph A2 (right): Failure of lime mortar hard caps on Launceston Castle due to hostile
conditions.

Photograph A3: Streaking of the wall faces of Kirkham Priory as a result of preferential runoff and
consequential algae formation.

Hard capping is defined as the use of stone and mortar to consolidate the wall head and has many
drawbacks. For example, at Okehampton Castle (shown in photograph A1), harsh frosts posed a
problem for the hard capping where the wall tops were consolidated using cements. These cements
tended to crack open, allowing moisture ingress, which resulted in freeze-thaw damage. A second
problem is that hard cements also prevent moisture escaping, which has caused major nuisance on
many English Heritage sites. As photograph A2 shows, early experiments using putty lime mortars
to consolidate wall heads failed, as the climatic conditions proved too hostile. Another problem
with hard capping is that it is designed to shed water quickly and can encourage the formation of
unsightly streaking on wall faces, where frequently washed areas become colonised by algae and
other micro-flora (as shown in photograph A3 at Kirkham Priory in Yorkshire). This watershedding capability of hard capping can also accelerate deterioration of valuable facework on the
walls underlying the capping. Photograph A4(i, ii, iii) illustrates the importance of an effective
capping in protecting valuable facework with examples of 13th century tracery at Kirkham Priory,
10

tooling marks on medieval fabric, and even 18th century graffiti. Photograph A4(iv) also illustrates
another feature of some ancient wall faces, i.e. exposed core material – in this case surviving
Roman corework from Porchester. Hard capping may not provide the best way to preserve such
potentially delicate material.

i

ii

iii
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Photograph A4: The nature of valuable facework. (i) 13th century tracery on Kirkham Priory. (ii)
Tooling marks of medieval stonework. (iii) 18th century graffiti. (iv) Exposed Roman corework from
Porchester.

The drawbacks with hard capping led to the pioneering of alternative strategies to protect ruined
walls, such as at Fountains Abbey in the late 1980s. A new campaign of hard capping was causing
dramatic decay to important detailing as a result of concentrating the flow of rainwater run-off and
enhancing freeze-thaw damage. At around the same time, problems of freeze-thaw damage to hard
capped low walls were also being observed at other English Heritage sites, such as Hailes Abbey
and Thornton Abbey. At a number of these sites, experimental soft capping was installed in the
1980s, but there was little or no monitoring of its performance.

Pilot study
English Heritage commissioned a pilot study in 2000 carried out by Oxford University School of
Geography and the Environment to test whether it was possible to monitor the supposed benefits of
soft capping. Three simple laboratory experiments (Viles et al., 2002) were designed. Firstly, the
“thermal blanketing” effect was investigated to assess whether the presence of turf on the wallhead
restricts temperature fluctuations and reduces the number of freeze thaw events (see photograph
A5). The second and third experiments looked at different facets of the ‘sponge effect’; does soft
capping hold water and prevent it from penetrating to the underlying stone and does it stop water
running down the face? Investigations were carried out of both the penetration of water through soft
capping under simulated rainfall events, and the water holding properties of different capping types
11

(see photograph A6). The results of these experiments were encouraging and identified important
areas to investigate further in future research. Especially encouraging were the results from the
thermal blanketing experiments where even with only a 5 cm (c. two inch) cover of soil, the surface
temperature of the underlying stone did not drop below 0oC during a harsh simulation.

Photograph A5 (left): Equipment used to test thermal blanketing. Photograph A6 (right): Turf shown
at the end of the water penetration test.

These preliminary experiments showed it was possible to simulate and test soft capping in the
laboratory and helped to refine the research questions and also prompted new ones. For example,
does it keep the core dry? Does it damage the wall? Will it protect the wall from frost? Does it
prevent damage to the facework? Will soft capping work on high walls? Secondly, questions
relating to the implementation of soft capping need to be considered to determine the feasibility of
such a technique. Examples include, how beneficial are natural soft caps? Will the grass get
displaced by other vegetation? How is soft capping successfully established? What is the ideal soil
thickness? Will soft capping stay in place in high winds? Will a soft cap help to conserve wall
flora? These questions provided some initial stimulus for the detailed research project presented in
subsequent sections.
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Section B: The Presentation of Ruins: a historical overview (Jeremy Ashbee)

i

ii

Photograph B1: Hailes Abbey past. (i) The east range of the cloister and entrance to the chapter house
as photographed in 1937. (ii) The same location photographed in 2007 after soft capping.

Hailes Abbey in Gloucestershire was historically one of the most important religious houses in
England, built with royal patronage, and the focus of a major pilgrimage cult. Since the
Suppression, the church was despoiled and after a phase of conversion into a house, most of even
the ruins of the monastery were removed. Despite the relatively poor survival of the fabric, the
Office of Works had long kept an envious eye on Hailes, so in 1937, when it was given to the
National Trust, the Inspector of Ancient Monuments F. J. E. Raby immediately wrote to the Trust
with a generous offer of expert advice on how to conserve the site1. The Trust got a condition
survey out of this arrangement, free of charge, and photos like photograph B1 (i), which shows the
1937 appearance of the east range of the cloister, with the entrance to the chapter house. The spirit
of cooperation continued and in September 1938, it was agreed that the Office would lend the
National Trust a trained foreman or leading hand, to teach the Trust’s local dry-stone wall mason
about the conservation of historic ruins: as the Inspector Baillie Reynolds wrote (rather smugly);
“the remains of Hayles Abbey are of considerable importance, and repair work … should be
done in a manner approaching as nearly as possible to our own standards’.2
But a few months after the Office’s mason had done his work, the Trust wrote again, in a rather
different tone;
“You will remember the work which was done by your man at Hayles Abbey last year. We
have had a good deal of criticism from members of the public, much of it of course quite
uninformed. After very careful consideration …, the committee have felt that it was better for
us not to go on with any more work of the kind for the moment, but rather to devote ourselves
to clearing up and improvement of the amenities of the site generally.’3 And so on.
Actually the National Trust’s files tell a slightly different story, only mentioning criticism from the
famously acid pen of James Lees Milne, and what he said is entirely predictable;
‘a wall of little architectural distinction has been completely rebuilt so that no vegetation will
ever grow upon it again and it will henceforward always look artificial and self-conscious. It
is the worst example I have yet seen of wanton sacrifice of aesthetic considerations to mere
archaeological pedantry….’4
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In fact this was only a short-lived disagreement, the Ministry of Works even became managers of
the site in 19485, but the strong emotions which the presentation of historic sites can arouse, and
questions of the relative contributions of natural and man-made elements, are important issues.
The aim of this section is to suggest some of the intentions which underlie the presentation of ruins
to members of the public. Sadly I don’t have the specialist knowledge nor the time to give a
detailed cultural history of artistic or literary movements of the eighteenth and nineteenth centuries,
nor to unpack the philosophical strands feeding into ideas of the picturesque or the sublime. But
it’s as well to start with the recognition, as Baillie Reynolds would doubtless have been reluctant to
admit, that just as there is no obvious way of presenting a ruin, it’s by no means obvious that a ruin
should be presented at all. It hasn’t always been common practice, not all countries do it, and there
have often been eloquent voices which see no virtue in it at all. For example, and to take a site
outside the English Heritage estate, in 1870, the new deputy constable of Caernarfon Castle (seen
today in photograph B2) went on a fact-finding mission and concluded;
“Nothing struck me so much as the folly of allowing such buildings to remain unroofed and
useless… Our ancestors did not build ruins. A castle restored to its pristine state will afford
this and future generations an infinitely better idea of the way of life of our early kings and
rulers than can be guessed from inspecting a ruin, of which there are plenty so badly decayed
that they hardly admit our reparation.”6
Of course he’s both right and horribly wrong, but he leads into one of the central concepts in the
presentation of ruins, just as all historic sites, their potential to be informative; that the essential
virtue of retaining an ancient monument is what it can say about the society of the past, what in the
modern parlance of Conservation Principles is classed ‘evidential value’. In the 19th and early 20th
centuries, many of the writers on such matters concentrated on a relatively limited number of
concerns, which fall under the umbrella of ‘archaeology’: social and political history and above all,
architectural history. This is the kind of thinking which prevails in antiquarian literature; for
example, the assumption, made in the 1870s in connection with Castle Acre Priory, that such sites
should be regarded primarily as ‘valuable studies for the architect, the antiquary, and the
historian’7. This academic-focused attitude also applied to many professionals as well, and
sometimes had a clear influence on those charged with the matter of conservation: it’s implicit in
many of the provisions for the conservation of monuments that certain proposals had virtue because
they made the original form of a historic structure more legible. Thus for example, when in 1914
Frank Baines prepared a condition report on Clifford’s Tower in York, shown in photograph B3, he
wrote, not only, about his technical observations on the need for work to the foundations or the
imminent collapse of the upper window to the left of the flagpole, but about whether the building’s
strange quatrefoil plan had been chosen for structural or defensive reasons. His long essay in the
condition survey, unpublished, is one of the most detailed discussions of the site’s architectural
value ever written; it ranges far beyond the details of this particular site, and what might have been
a purely utilitarian document actually makes for quite thrilling reading8.

Photograph B2: Caernarfon Castle, a view from above as presented today.
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Photograph B3: Clifford’s tower past and present. (i) A photograph taken as part of the 1914
condition. (ii) A view of the tower from outside showing the condition of the walls to date.

But one basic and very important point is worth noting at the outset, one of the recurrent themes of
this kind of discussion. The ruin has traditionally been seen first and foremost as a representation of
the complete building it once was, rather than as something with its own validity, as it now is. The
fact of a building’s ruination is, according to this view, an impediment to understanding, a historical
fact with no virtue of its own, and best passed over in silence. Extreme versions of this attitude can
lead to some rather bizarre modern site interpretations, in which the visitor is asked to admire the
glories of an abbey church or a cloister, somehow failing to notice that half of the columns, the
walls and the roof have completely gone.
For generations of the Inspectorate, working for the Office of Works and its successor
organisations, the mantra in conservation and presentation of ruins was famously ‘conserve as
found’. It’s a concept to which many working in the field remain very attached, and certainly it
would be unjust to suggest any lack of rigour in the way that it has historically been applied. That
said, it is also a complicated idea with several internal points of contradiction, and recent writers
like Michael Thompson9 and Anna Keay10 have drawn attention to several elements of the
philosophical approach. The key to it, in Michael Thompson’s words, is that the ruins displayed on
a site ‘are the authentic remains of the period to which they purport to belong’11. This principally
translates into giving primacy to fabric deemed historic, and at least ostensibly a wish to minimise
the introduction of foreign materials. Often in the past this has taken the form of a resistance to
avowedly modern surface features. The Ministry of Works files are full of explosions of vitriol
from several Inspectors against, for example, the addition of safety rails on the wall-walks of castles
like Framlingham, shown in photograph B4, on the grounds that they will be visible on the skyline
from outside12. (At Framlingham the Inspector was only over-ruled when a higher-ranking Civil
Servant had experienced for himself ‘something of the terror the wall-walk can inspire’, and learned
of visitors having to crawl backwards from a particularly narrow bit to the safety of the stairs).
However, this horror of the new was primarily concerned with appearances; in the interests of
making the fabric sound, very radical conservation works might be sanctioned without much
concern, because they were necessary for structural stability and because they would be hidden,
including the introduction of steel reinforcement and its concealment in new masonry. For
example, photograph B3, which depicts Clifford’s Tower in York, where just such a thing happened
to strengthen the wall at first-floor level. The works were carried out so expertly that in places only
the as-built record drawings show quite how much of the present masonry is new or re-set13.
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Photograph B4: A view from inside Framlingham Castle. The image shows the safety rails on the top
of the walls that were a concern for those interested in preserving the castle for aesthetic purposes.

Thompson and Keay have also drawn attention to the way in which either explicitly
explic
or implicitly, a
site was usually allocated to a defining period (usually quite broad,
broad, like ‘Roman’ or ‘Medieval’).
‘Medieval’
Fabric from this period was given priority, while later features were sometimes treated as
extraneous and were removed. Such an approach
appro
ran counter to the SPAB--influenced idea of the
importance of the totality of a site’s history.
history Itt is here that the difference in style between the past
and present becomes most obvious.
obvious This includes the clearance of post-medieval
medieval archaeological
levels and in some instances standing structures, in order to display the ruins of monastic sites as
purely medieval
edieval without later accretion14. For example, see photograph B5,
B which shows the
clearing of artefacts from Rievaulx Abbey.

Photograph B5:
B5 The clearance of Rievaulx Abbey.

We may take issue with this now, but it had its own clear intellectual logic. As
A Michael Thompson
put it, the Inspector would have as his aim ‘to secure what remains and to render what he secures
intelligible to himself and the onlooker’15. Once again, there is a clear perception that the main
value of the ruin is to be instructive, and that the central messages that it can convey are intellectual
ones rather than emotive; historical, architectural and archaeological
archaeological information. The paradox in
this approach, as many have observed, is that the site’s presentation also depends on many
completely modern features that not all observers are able to tune out.
out Things
hings like the gravelled
paths and mown lawns as shown in photograph B6 at Minster Lovell, in which many elements of
the traditional approach to site presentation are there to see.
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Photograph B6: Minster Lovell as presented to date with mown lawns and gravelled paths.

As for how vegetation fits into this idea of site presentation, most of the writings on the subject
concentrate not on its implications for the visual aspect of a site, but on conservation. Most of the
general texts have assumed without a great deal of discussion that vegetation is usually a noxious
matter which will force its way into masonry joints and in extreme cases, may overbalance a wall
and pull it over. There has to be a strong suspicion that vegetation was regarded in some official
quarters as a sign and a symbol of neglect, and that clearing it away showed to the world that good
order was prevailing, a bit like the impeccably mown lawns and well-raked paths. But it is also true
that whatever its qualities for conservation and for softening the visual character of the site,
vegetation can sometimes hinder or prevent intellectual access.
So what about the other way of appreciating ruins; looking at and valuing them in their current
state? This is best known of course in the popular idea of the ‘Romantic ruin’ and most commonly
associated with cultural movements of the 18th and 19th centuries – when writers such as William
Gilpin could say that the best thing about the ruins of Tintern Abbey were ‘wild and native
rudeness’16. Photograph B7 shows Netley Abbey ‘before’ and ‘after’, a fair indication of what has
been lost and gained during re-presentation. The emotional response to a ruin shouldn’t be
completely divorced from academic questions. Historical events like the Suppression of the
Monasteries and the parliamentary slightings after the Civil War are, we would argue, fairly
essential basic concepts which we would like visitors to be able to recognise, as the reason why our
sites are as they are. (It would take a hard heart not to find something moving in the words of a
sixteenth-century Yorkshire-man describing how his father had helped pull down Roche Abbey)17.
In this example, the violent act that created the ruin is seen as a nationally significant single event.
But while effectively all of our ruins have passed through a phase of being overgrown and ivy clad,
for quite a few of them there is an important phase of presentation or display as a visitor attraction
while in this condition, something which we usually only mention in guidebooks or in site
museums, but which does at least give historical precedent if we wished to see some introduction of
softening greenery.

Before

After

Photograph B7: Netley Abbey, ‘before’ and ‘after’ images to show alterations made as a function of
monument presentation.
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It also has to be acknowledged that response to a ruin is a subjective thing, and everyone
approaches sites in a slightly different way and in certain circumstances, we’d have to admit that
residual notions of the sublime or the picturesque can still be effective today. Photograph B8(i)
shows Dunstanburgh Castle, admittedly a site where vegetation is unlikely to take too firm a
footing, but one where any presentation regime would have to admit the significance of the ruin’s
incompleteness. In much of what has been discussed, it’s been implied that the highest kind of
response is to mentally create the kind of drawing shown in photograph B8(ii), reconstructing the
lost details. However, the example of Dunstanburgh shows the narrowness of this approach; the
combination of the jagged ruin and its hyper-dramatic setting must lie behind the reaction of a far
greater number of people. The effect is profound enough that even someone as analytical as the
architectural historian Sir Nikolaus Pevsner could call this ‘one of the most moving sights in
Northumberland’18.

i

ii

Photograph B8: (i) Dunstanburgh Castle from a distance. (ii) A drawing to depict the lost details.

But I think it’s also possible to pick out a trend in the way we now try to understand sites, and to
conclude, I’d like to consider what implications this has for the way we might present them. A
common phenomenon in modern discussions about site presentation and interpretation is one of
context, both the historical context of the way that a site was used by its early occupants and later
visitors, and the geographical context of the landscape within which it sits19. Thus we are starting
to see the boundaries which surround guardianship monuments as not only arbitrary but actually
misleading, cutting off monastic sites from their fishponds, field systems and extra-mural
settlements, or the inner wards of castles from their outer baileys. In our current enthusiasm for reestablishing linkages between the site and its surroundings, the artificiality of some elements of site
presentation takes on an altogether more intrusive character. The visual difference flags up a
contrast between the manicured site and its unmanicured setting, which leads to this conclusion. It
is as important as it ever was to establish rigorous and sustainable conservation and maintenance
regimes, and to make the historical and architectural information of a site legible to anyone who
wants to see it. But we may well see a situation in which these imperatives can be satisfied, without
the whole site expressing, in a description of Farleigh Hungerford Castle in the 1920s, ‘the icy touch
of a mechanistic age’20. Does Hadrian’s Wall look any less impressive as it is shown here
(photograph B9), than it would if all we could see in this view was rough racking? It is no longer
heretical to think that this picture shows the monument in a very good light, in presentational terms,
nothing significant has been obscured, and the aesthetic gains are enormous.
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Photograph B9: Hadrian’s Wall.

To return for the last moment to Hailes Abbey, the National Trust files say their last word about the
debate on presentation in 1946, not long before the site came into the guardianship of the Ministry
of Works.
‘About 1938 the Ministry of Works applied their treatment to a few yards of the walls… The
effect is at first unsightly but when it has weathered it looks inoffensive and practical. The
result is a preserved ruin, a collapsing structure whose decay has been arrested. All of
Hayles except this small section looks and is a ruin whose decay proceeds visibly and apace.
Cutting the undergrowth will not delay it. A hard winter of rain and frost will probably bring
down some arches and the walls adjoining them…’21
At Hailes, this view won out. These are conservation questions. But the world of site presentation
has moved on a little from the complete dichotomy drawn between romantic ruin and the stable but
sterile monument. In as much as vegetation can be managed without damage to the monument, or
concealing elements we regard as significant, it can be entertained as an actual enhancement.
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Section C: Testing the efficacy of soft wall capping: Methods and sites (Heather Viles and
Chris Wood)

Sites: Phase one
The first phase of field trials were all carried out in the Yorkshire region of English Heritage, where
officers were very supportive. Sites were selected at Byland Abbey, Kirkham Priory, and Thornton
Abbey (in North Lincolnshire but looked after by the York office of English Heritage). The three
sites had all had some limited soft wall capping work done in previous years. The material types
present included brick, limestone, sandstone, and chalk. At each monument the installed soft
capping was designed to test performance at different heights and aspects. For contrast, we also
installed comparative areas of hard wall capping (using lime mortar and stone from onsite) on
similar types of wall. All our hard capping was installed by Colin Burns and Steve Pickering (a
local mason experienced in conservation) to ensure consistency for research purposes.

Byland Abbey

Photograph C1 (left): A picturesque photograph to show the ruins of Byland Abbey. Photograph C2
(right): Image to show some of the locations where soft capping was installed.

Byland Abbey, built with local sandstone in 1135, was absorbed into the Cistercian order in 1147. It
prospered until the late 14th Century and was then dissolved and razed in the mid 16th Century. The
site was then stripped of all its valuable assets and its walls became a quarry for sourcing building
stone. Clearance and restoration of the site commenced in 1920 when it came under the
guardianship of the Ministry of Works. Significant portions of the abbey were still standing. The
abbey is now under the care of English Heritage and significant restoration work has been carried
out on the walls in an attempt to preserve the ruins. Some of the previous conservation methods,
particularly the use of cements for consolidation, have contributed in part to the current decay of the
monument. Photograph C3, illustrates vertical cracking that is due to the cementitious grout and
pointing around the stone. The extent of the continuing loss is shown in photograph C4, which
shows a pile of debris that was cleared to allow for the soft capping to be installed. Nearly ½ tonne
of stone fell from the monument during a three month spell.
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Photograph C3 (left): Vertical cracking on one of the walls at Byland Abbey. Photograph C4 (right):
Half a tonne of masonry which fell from the monument in three months during one winter

Byland provided us with a very large site comprising many exposed walls of differing heights. As
well as many examples of consolidation and hard capping from previous restorations, some of the
lower walls around the cloister had soft capping installed on them in the early 1980s. In February
2004 we installed soft capping on three separate sections of exposed wall, including a long stretch
along the east side of the cloister approximately 1.5 m in height (photograph C5 and C7). This wall
was divided into six sections and soft capping was installed on each section with differing
thicknesses of soil to investigate the success of turf establishment on each section and effect of
different soil thicknesses on wall insulation. Each section was further divided to test each soil
thickness both with and without the inclusion of slate fragments mixed into the soil. This long test
site was especially useful as we were able to test three different methodologies for the
determination of moisture levels in the wall. As depicted in photograph C6 we also soft capped
some isolated ledges and higher, more exposed sections of wall to see if these small sections of turf
would consolidate and stay in place.

15cm
Hard

+ slate

10cm
no slate

+ slate

5cm
no slate

+ slate

no slate

Photograph C5 (left): The main test site; a long section of wall which we divided into seven sections to test the
effect of different soil thicknesses versus hard capping. Photograph C6 (right): Isolated sections of wall where
we installed soft capping. Photograph C7 (bottom): A close up of the main test site showing the division of the
seven sections.
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At the main test site at Byland we utilised a number of methods to monitor the moisture content and
thermal conditions of the walls and the overlying soft and hard caps. Electronic thermometers and
commercial soil moisture sensors (Watermark probes) were used to measure temperature and
moisture conditions at the base of the wall capping. These were incorporated into the soft and hard
caps during installation. Watermark sensors measure soil moisture indirectly through measuring
resistance. An Eltek telemetric datalogging system was installed to record the data from both
temperature and moisture probes every 30 minutes at each of the six soft wall capping test areas and
the hard cap shown in photograph C7.
In addition, a network of 41 wooden dowels was installed under the soft and hard capping in order
to monitor moisture fluctuations within the wall under different types of capping. The reason for
using both electronic moisture measurements and dowel measurements was to compare the two
techniques and to provide an assessment of moisture conditions at the base of the soil and lower
down within the capped walls. 2D resistivity surveys (geoelectrical measurements) across a 2m
profile were also carried out (in April 2005 and September 2006) to provide another assessment of
moisture levels within the stonework under hard and soft capping.

Kirkham Priory

Photograph C8 (left): Kirkham Priory: The vaults were soft capped in the mid 1990s and this
successfully stopped salt efflorescence. Photograph C9 (right): New section of soft capping (circled)
alongside (to the right) capping carried out a decade earlier.

Kirkham Priory, constructed using locally-occurring Hildenby limestone, is a ruined Augustinian
Priory, which was founded in the early 12th century. The original construction consisted of a simple
church, but this was greatly extended during the late 12th and early 13th century. Very little is
known about the history of the monastery except that it remained as a priory until dissolution in
1539. In the 20th century, the site was fully excavated and was used during the Second World War
for testing D-Day landing equipment and vehicles.
Previously, as well as some soft capping on low lying walls here, there had been some soft capping
installed on a few small sections of high walls (probably sometime in the 1980s or early 1990s).
This provided us with a good opportunity to study the long term establishment of soft capping in
addition to our shorter length studies, focusing on high walls. In February 2004 we installed soft
capping at two test areas, using turf obtained from onsite. Both areas were on walls that were at
least 10 metres high, so a tower scaffold was used to gain access, as shown in photograph C10. One
site was adjacent to some older soft capping over the consolidated laver alcove (photograph C10),
whilst the other was on the top of a wall with notable black streaking. Adjacent to this second soft
capping strip we installed a section of hard capping (photograph C11). Originally, we estimated
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that the hard capping installation would take three days; however, because of the hardness and
depth of the previous consolidation it ended up taking three men seven days in total. This was
because the concrete used to consolidate the wall head was so dense and hard that quarrying
techniques had to be used to remove it (see section F for more details). Perhaps more significant
was the fact that over 20% of the face stones were cracked. It appeared that the hard concrete
severely affected the seasonal contraction and expansion of the stone. Clearly the implications of
this may be profound. If other ruined sites are also exhibiting cracking related to the use of dense,
hard conservation materials then it seems quite possible that drastic interventions may be needed in
the future. The difficulty of ‘unpicking’ a small section of this previous consolidation for our trial
illustrated that work to remediate large areas would be prohibitively expensive. So the obvious
question arose; could soft capping be effective at reducing thermal movement at the wall head to
stop cracking of important fabric and thereby obviate a very expensive and invasive repair
programme. This became another objective for the laboratory testing.

Photograph C10 (left): Installation of soft capping on the lavatory alcove using a scaffolding tower.
Photograph C11 (right): Hard capping was completed on adjacent walls.

Thornton Abbey

Photograph C12 (left): The ruins of Thornton Abbey. Photograph C13 (right): Image to show one of
the low sections of wall where soft capping was installed.

At Thornton Abbey, a range of building materials including brick, limestone, sandstone and chalk
have been used for construction during its long history. Thornton Abbey was built and founded in
the early 12th century. It was then raised to a status of Abbey in 1148. The early Abbey was built
in the Romanesque style, but demolished and replaced in the late 13th and early 14th centuries with
an abbey built in an early Gothic style. Since its dissolution in the 16th century, much of the Abbey
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has been lost,, although most of the ground plan has been excavated. Among the ruins, three walls
of the chapter house and part of the cloister still remain as does the impressive gatehouse, which is
one of the earliest examples of the use of brick as a building material
material in England. This gatehouse
has now been fully restored following a lengthy and ambitious conservation project.
Thornton Abbey is a very frost-prone
prone and wind-swept
wind swept site, which is suffering from a large amount
of what appears to be frost-related
related deterioration.
deterioration. A lot of consolidation has been carried out to hard
cap many wall heads, both low and
an high in elevation, and there was also some soft capping on very
low walls carried out in the 1980s.
In February 2004, we installed three separate sections of soft capping on a range of low walls only
10-75 cm above the ground, in order to test its efficacy in stopping decay in such near-ground,
near
frost-affected
affected parts of the monument. The selected walls were limestone and brick, and we installed
the soft capping in a couple of different ways in order to test the importance of workmanship. Two
sections were also hard-capped
capped to see how effective this could be, with ‘best practice’ workmanship
being an important aim. Photographs C14 and C15 illustrate hard and soft capping here.

Photograph C14 (left): Hard capping installed at Thornton Abbey. Photograph C15 (right): Soft
capping on a different section of low wall at Thornton Abbey.

Phase two
R
The second phase of field trials was carried out at Howbury Moated Site, Hailes Abbey, Rievaulx
Abbey, and Whitby Abbey. The aim was to broaden out the geographicall scope of the project, test
soft wall capping onn a wider range of monuments
monument and answer some
ome additional questions.

Howbury Moated Site

Photograph C16 (left): Howbury Moated Site. Photograph C17 (right): Image to show one of the
sections of wall where soft capping was installed.
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Howbury Moated site (shown in photograph C16 in East London near Slade Green) provided an
opportunity to test soft wall capping on thin walls under the relatively benign climatic and air
quality conditions found in SE England. The monument is a little-known ruin constructed in a
mixture of stone and brick, and consists of four external walls in a square form, with some
overgrown ruins in the middle. The whole site is surrounded by a shallow moat. The ruin has
recently had much consolidation work done on it, and the external walls are all very narrow (all less
than 40 cm thick). These thin walls could provide a real challenge for soft capping, because the
soils could dry out easily. Four sections of the wall were capped (in November 2004, two using turf
and two with seed. Two sections were capped without any prior consolidation of the wall head as
shown in photograph C17 (one with commercial turf and one with grass seed), whilst the other two
sections of capping were emplaced over a part of the wall that had been previously consolidated and
covered with a thin lime mortar layer. Again, grass seed and commercial turf were used.

Hailes Abbey

Photograph C18 (left): Hailes Abbey. Photograph C19 (right): Image to show one of the sections of
wall where soft capping was installed.

The Cistercian abbey at Hailes was founded in the 13th century by Richard, Earl of Cornwall. Later
that century the abbey became a site of pilgrimage due to the donation of a phial alleged to have
contained Christ’s own blood. This helped to finance an elaborate rebuild of the abbey, despite the
small number of monks in residence there. Following the dissolution in the 16th century, the abbey
was granted to Katherine Parr and then passed down through a succession of family connections.
During this time, when the abbey was being used as a family home, much of the church was
demolished. By the end of the 18th century the building was abandoned and it suffered extensive
destruction leaving very little of the building fabric. A project to excavate the site commenced 100
years later and the ruins were restored to their current state (see photograph C18). The Abbey is
situated in a frost hollow and is very prone to damage. Many of the lower lying walls within the
ruin are highly deteriorated, and have required frequent hard capping. Some small areas of low wall
were also soft capped several years ago.
Hailes Abbey provided an unusual opportunity for us to test the role of soft capping on a wall which
was relatively dry because it had been scaffolded and covered for over 18 months (photograph C19
and C20). Before carrying out any work at the site we monitored the moisture in the wall and in an
adjacent, uncovered section, using wooden dowels around 10-30cm below the wall heads (from
March 2004). We installed soft capping to the scaffolded section in January 2005 using turf cut
from on-site. Half of the section had previously been consolidated and lime mortared, the other half
was simply cut back and then soft capped (see photograph C21). The roofing was removed in
January 2005, and wooden dowel monitoring continued until September 2006. Thus, we have a
long comparative record of dowels, on soft capped versus uncapped walls. Geoelectrical
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measurements (2D resistivity survey) were carried out in March and April 2005 in order to provide
additional assessment of moisture levels within the walls.

Photograph C20: The main section of wall used for soft capping trails above the remains of the
cloister arches where part of the wall had been covered with roofed scaffolding for some 18 months
and the rest left uncovered.

Soft

Soft + consolidated

Photograph C21: The long section of wall where two different soft capping designs were installed
(with and without prior consolidation).

Rievaulx Abbey

Photograph C22 (left): A picturesque view of the impressive ruins of Rievaulx Abbey. Photograph
C23 (right): Recently installed soft capping located high up at triforium level in the nave.

The Cistercian abbey at Rievaulx was founded in 1132 by St Bernard of Clairvaux. Before its
dissolution in 1538, the monastery became one of the wealthiest in England, which was reflected in
the impressive buildings and large number of monks and lay brothers who resided there. Much of
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the abbey church and the monk’s refectory remain intact
intact to a good height above ground level
(photograph C22);; however it is reported that less than half of the outbuildings present at the time
of the dissolution are still standing. Most of the site has been excavated to expose the foundations
so that the full ground plan of the abbey can be traced.
At Rievaulx Abbey soft capping was installed on two bays high up at trifor
triforium level on the nave
(see photograph C23). This site provided the opportunity to see whether soft capping could reduce
water runoff down the face and, in turn, reduce soiling from moss, lichen and algae.
algae The site
suffers from a damp microclimate partly caused by its location in the bottom of the valley of the
River Rye. Many walls have established microbial colonies and in particular there was prodigious
growth of moss, lichen and algae on the inside spandrels within the nave at triforium level
(photographs C24 and C25).. Two bays were soft capped with the wall face below,
below one being
scraped clear of plantlife. Rievaulx also allowed us to test the performance of soft wall capping on
especially high walls and in a frosty environment. Soft capping was installed in February 2005.

i
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Photograph C24: Wall micro flora on walls at Rievaulx Abbey. i) Moss and grasses developing on an
uncapped high wall within the church. ii) Mosses growing on the unscraped face of a wall on top of
which soft capping has been installed.

Whitby Abbey

Photograph C25 (left): Whitby Abbey which sites on a particularly exposed headland overlooking the
North Sea. Photograph C26 (right): The section of wall where soft capping was installed.

Whitby Abbey was first founded in 657 as a Benedictine house for monks and nuns; it was mostly
destroyed during the Danish invasion in 867. The ruins found today reflect the re-founded
re
Benedictine priory that was built in 1078 as well as its ambitious rebuild that took place in the 13th
century (photograph C25). Whitby Abbey was one of the last to be dissolved in the 16th century,
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after which it was used to provide building stone for construction of a nearby mansion. Given the
exposed location and harsh climate endured by this abbey, the further decay has been accelerated by
exposure to the salty North Sea winds and cold winter temperatures.
A major concern about soft capping expressed by those responsible for English Heritage sites in
Yorkshire was the fear that turfs might blow off in the wind and harm members of the public below.
So part of the windiest site in Yorkshire was selected to test our contention that fixings were not
needed (photograph C26). The soft capping installed here at Whitby has remained unmoved for
nearly five years now.

Table C1 summarises the major research objectives of the field trials at the 7 sites documented
above and how they link to the lab experimental programme.

Question
How does soft capping
compare with no capping?
How does soft capping
compare with hard
capping?

Specific testing

Prior consolidation or not?

Relevant studies
a) All field trials
b) All experiments
a) Long term roof experiment
b) Byland 1
c) Kirkham 2
d) Thornton 3 and 4
a) Thermal blanketing experiments
b) Water retention experiments
c) Byland 1
a) Thermal blanketing experiments
b) Water retention experiments
c) Byland 1
a) Howbury
a) Byland 3
b) Kirkham 2
c) Rievaulx
a) Hailes

Comparing performance on
different material types

a) Byland 1, 2 and 3
b) Howbury 1 and 2

Soft capped vs bare surfaces
Soft capped vs hard capped
surfaces

Thickness of cap
What sort of soft capping
design is most effective?

Stone fragments in soil
Turf vs seedlings

How can we maximise
benefits and minimise
damaging effects?
What are soft wall
requirements for different
material types?
Is height and nature of
walls important?
What are needs of upland
vs lowland areas?
How does performance of
soft capping change over
time

Water shedding role

Height
Thickness
Climatic setting
Old vs new caps

a) Byland 1 and 2
b) Thornton 1 and 2
a) Byland 1 and 3
b) Howbury
a) Kirkham vs Hailes
a) Thermal blanketing experiment
b) Water retention experiments
c) Kirkham 1

Table C1: Summary table to give an overview of the major research objectives of the field trials at all sites Figures
C1 – C3 locate the individual test sites at Byland, Kirkham and Thornton.
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Figure C1: Plan of Byland Abbey to indicate the three test sites (referred to as Byland 1, 2 and 3 in table C1).
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Figure C2: Plan of Thornton Abbey to indicate the four test sites (referred to as Thornton 1, 2, 3 and 4 in table C1).
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Figure C3: Plan of Kirkham Priory to indicate the two test sites (referred to as Kirkham 1 and 2 in table C1).
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Field monitoring methods
Empirical testing was carried out by the use of telemetric datalogging system at Byland Abbey to
monitor moisture contents and temperature fluctuations within soft capping of different
thicknesses, and the use of wooden dowels and 2D resistivity surveys at Byland and Hailes Abbeys
to monitor moisture regimes within the underlying walls. In addition a range of simple
observations of the soft and hard capping was carried out at all sites.
 Appearance: Much of the discussion about the use of soft capping as a conservation tool has
centred on the aesthetic implications as outlined in section B. A visual assessment using repeat
photography every 3 to 6 months was carried out at all sites to monitor the changing appearance of
the soft capped sections in comparison with the hard capped sections. This not only helps to
provide an idea of how soft and hard capping looks over time (aesthetic) but also reveals any
obvious problems with deterioration or erosion of capping.

Ecology: From an ecological perspective, one of the benefits of soft capping is the likely
increase in the biodiversity of a monument. Soft capping provides a habitat for drought tolerant
grasses and herbs, and can support a wide range of insects, arthropods and other species in the food
chain. Consequently, a biological assessment was incorporated into the research. This was
conducted by experienced botanist John Thompson in July 2004 and June 2007 at Byland and
Thornton Abbeys and Kirkham Priory.


Laboratory Experiments

Thermal Blanketing
The pilot tests described in section A indicated that soil and turf on the top of a wall should act as
an effective thermal blanket, reducing the temperature fluctuations experienced at the wall head.
Such temperature fluctuations can be very dangerous in areas where frost damage is a threat. To
investigate in more detail this thermal blanketing effect provided by the soft capping, we designed
some simple, scaled-down experiments to test different thicknesses of soft capping, in comparison
with a hard cap. The basic approach was to construct test boxes (made of rigid wire mesh)
(Photograph C27) approximately 30 x 30 x 30 cm into which we placed a slab of stone from
Kirkham Priory covered by different types of capping (or bare, to act as a control). The entire setup was monitored using temperature probes connected to dataloggers and then placed into an
environmental cabinet. Using the environmental cabinet allowed us to control temperature and
relative humidity, so that the boxes experienced a number of diurnal cycles with temperatures
ranging from -1.5°C (as recorded at night in January in central England) up to 30°C (as recorded
during a hot July day in central England). Each test ran for at least three 24-hour cycles, after an
initial equilibration phase. Similar experiments were also conducted using this methodology, but
with a ‘harsh’ diurnal temperature cycle ranging from +5°C to -5°C. In addition, a box with a 5 cm
thick cap and one with a 10 cm thick cap were placed on the roof of the School of Geography and
the Environment, Oxford University and their temperatures monitored, and compared with nearby
meteorological station data, from January 2005 to January 2006 (referred to in table C1 as ‘long
term roof experiment’). In all 10 experimental runs were carried out.
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Photograph C27: Wire mesh box as used for laboratory experiments investigating thermal blanketing
and water retention properties of soft caps.

Water Retention
The aim of the second suite of experiments was to investigate the water holding and drying
characteristics of soft capped compared with uncapped stone using the same test boxes described in
the thermal blanketing experiments (using wire boxes), but this time placed on a high capacity,
accurate balance (photograph
otograph C28).
C28 The balance can cope with weights up to 600kg and reads to
t an
accuracy of 10g. The soft cap was wetted and then placed on the balance to monitor drying rates
under controlled laboratory conditions, using a fan to accelerate drying rates. Wetness at the stone
surface was monitored using leaf wetness sensors during the course of the experiment (both wetting
and drying phases) and soil moisture was also assessed directly using Watermark sensors where
possible. Each run lasted for at least 4 days or until the drying rate curve had levelled out.
The following sequence of experiments was run:
1. Blocks of Byland, Kirkham and Hailes stone without capping soaked and their drying
rates monitored (with and without insulation round the sides)
2. Blocks off Byland, Kirkham and Hailes stone
stone dry and saturated and with 5cm
5 capping of
soil and turf
3. Blocks of Byland, Kirkham and Hailes stone soaked and with 10cm
cm capping of soil and
turf
4. Blocks of Hailes stone covered with old and new soil and turf of 5 and 10cm thickness
In all, 26 runs were carried out.

Photograph C28: Test box on the high capacity balance.
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Water penetration experiments
The final major set of experiments was designed to investigate how effective different types of soft
cap (i.e. of different thickness, and also newly constructed versus those after a year of growth on the
roof) were in preventing rainwater ingress to underlying stone. We hypothesized that soil and
vegetation should act as an effective sponge, soaking up most rainwater that falls on the top of the
walls and using it for plant growth. We also hypothesized that thicker and more established caps
which have a good root network, will be better at retaining moisture and thus water will take longer
to penetrate onto underlying stone.
We firstly investigated the moisture penetration properties of soils under varying conditions of
moisture as listed below:
a) Dry soil freshly set up (no crumb structure at all)
b) Dry soil made by filling a box with damp soil and letting it dry (the organic matter and
colloidal humus in it rapidly form clods)
c) Soil with some moisture in it, although with no roots or macrobiotics (the moist
equivalent of a))
d) Soil as above given a few days to settle (the moist equivalent of b))
From the results obtained we decided to go ahead with experiments using (d) as this provided the
best analogue for real soil in the natural environment.
The same wire mesh boxes as used in previous experiments were used and placed under a rainfall
simulator with cobalt chloride paper some distance below the bottom of the box (photograph C29).
The rainfall simulator was turned on and photographs were taken at 5-10 second intervals to record
the percolation of rain onto the indicator paper. Video recordings were also used to record some of
these experimental runs. The masses of the box wet and dry were noted for a quantitative
assessment of moisture penetration.
In all 15 experimental runs were carried out. The data collected were very hard to interpret, with
each run behaving differently. Leakage down the sides was often a serious problem. Due to these
flaws, the results are not presented later or discussed further.

Photograph C29: Water penetration experiment setup with the rainfall simulator placed above the test
box and cobalt chloride paper underneath.
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Thermal expansion experiments
In several places, including Kirkham Priory, we noticed signs of cracking as a result of uneven
thermal expansion and contraction of stonework that had been consolidated and hard capped.
Cement mortars have low coefficients of thermal expansion in comparison with many stones and
lime mortars, and thus walls hard capped with such cements will expand and contract differentially
leading to cracking. On walls with cement capping, especially containing stones of high thermal
expansion coefficients, we anticipate that soft capping will be a highly effective way of reducing
such damage - if, as we suspect, it will reduce the temperature extremes experienced by the
stonework. In order to try and investigate the reality of thermal expansion and contraction as a
problem, and the efficacy of soft capping in tackling it, we tested the coefficient of thermal
expansion of key stone types from our monuments. To do this, we adapted a standard Nordtest
methodology and applied it to test specimens of stone, of known dimensions (15 x 3 x 2.5cm), from
Kirkham, Byland and Hailes. The aim of the test is to measure how much a block expands when its
temperature is raised by 1 degree C.

Kirkham
Byland
Hailes

Photograph C30: Test blocks used to measure thermal expansion.
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Section D: Field and laboratory results and future research directions (Heather Viles)

Question 1: does
oes soft capping provide a good thermal blanket?

emperature data relative to soil thickness (Byland)
Field tests: temperature
The extent to which soft capping provides a ‘thermal blanket’, thus restricting temperature
fluctuations
ctuations within the wall head, is exemplified using the data from
from the long test wall section at
Byland Abbey (Byland 1 in table C1).
C1) The data was obtained using temperature probes located at
the base of the soft cap and within the upper part of the hard cap to continuously record variations
through time. The results show that good ‘thermal blanketing’ is produced by all thicknesses of soft
capping that weree trialled at this field site. The soft capping successfully reduced temperature
fluctuations and increased minimum temperatures which consequently reduced the number of
freeze thaw events. The ‘thermal blanketing’ effect is not seen in the data recorded by sensors
located at the wall head on areas that had been hard capped.

Figure D1 – Graphs of monthly
onthly temperature maxima
maxim and minima for the whole 20 months of Eltek
data collection at Byland Abbey. (i)
( Monthly temperature maxima. (ii) Monthly temperature minima.
Each line refers to a different cap; e.g. 15cm + s refers to 15cm thick soil with slate fragments
included in the soil.
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This trend is observed for the whole recorded dataset. Figure D1 (i and ii) shows the maximum and
minimum temperatures for each month between February 2005 and September 2006. These graphs
show that the hard capped sections record both the highest and lowest average monthly
temperatures. Furthermore, the monthly temperature minima at the wall head was prevented from
going below 0°C for the duration of the investigation under soft capped sections of the wall whereas
hard capped sections recorded temperatures below zero on several occasions as seen in figure
D1(ii). Figure D2 (i and ii) shows the recorded temperature data over shorter time spans, a summer
month (June 2005) and a winter month (November 2005), to indicate the extent of daily variation
under the different capping situations. The high frequency, vertical variation of the red line on both
graphs shows that the daily temperature variations are much greater within the hard capping than
under the soft capping. Moreover, this trend is repeated throughout the year as illustrated by the
comparison of June and November. It must be added at this point that the temperature probe
monitoring fluctuations on the hard cap was placed under a loose stone within the hard cap and thus
possibly does not reflect true conditions at the base of the hard cap. It does, however, provide at
least a good comparison between near surface and sub-soft capping conditions and the long term
roof experiment hard cap data (see figure D4 and accompanying text) shows similar trends.
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5cm+s

Figure D2 - Eltek temperature data from the Byland Abbey test site. (i) Data recorded for June 2005.
(ii) Data recorded for November 2005.
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Laboratory experiments: thermal blanketing
In addition to the field tests investigating the thermal blanketing effect of different soil thicknesses,
comparable experiments were carried out in the laboratory. These simple scaled down experiments
allowed us to control more variables than the comparable field investigations. While not being
completely ‘realistic’ as compared to the field trials, they provided us with an opportunity to study
the basic behaviour of soft capping in comparison to hard capping. Slabs of Kirkham stone were
placed in test boxes, made from rigid wire mesh, and were covered by different thicknesses (5cm,
10cm and 15cm) of soft capping. The same principle was used to test hard capping methods using a
purpose built hard cap. Bare stone blocks were used as controls. The temperature fluctuations at
the base of the capping were then recorded using temperature probes connected to dataloggers. In
this experiment the temperature readings from under the hard cap and under the soft cap are directly
comparable, because the temperature probe was built into the base of the hard cap (unlike the field
data from Byland Abbey).
The results shown in figure D3 (below) show the results for the hard capped test block and the test
block soft capped with 5cm soil depth exposed to diurnal air temperature fluctuations between 30°C
and -1.5°C in the environmental cabinet. It can be seen that the presence of even a 5cm thick soft
capping significantly reduces the temperature fluctuations experienced by the top surface of the test
blocks. Generally, the surfaces of the test blocks experience temperature fluctuations between
approximately 19°C and 7°C. In contrast, the test block under the hard capping experiences much
greater temperature fluctuation, varying between approximately 25°C and 3°C.

Figure D3: Laboratory results for thermal blanketing experiments comparing a 5cm soft cap, a 5cm
soft cap with slate fragments and a hard cap.

In addition to the laboratory experiment using test boxes in the environmental cabinet, similar test
boxes were set up and placed on the roof of the School of Geography and the Environment (‘long
term roof experiments’ in table C1). This experiment provided a more realistic assessment of the
performance of the test caps as they are exposed to natural weather conditions in the Oxford region.
The conditions that the test boxes were exposed to were monitored using adjunct climatic data
collected from the Radcliffe Meteorological Station. The data shown here in figure D4 (i and ii)
shows that the recorded temperatures from June and November 2005 are similar to those recorded
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at Byland Abbey for the same time periods (illustrated in figure D2), whereby the presence of soft
capping creates a muted response to air temperature fluctuations. In comparison to the dataset from
Byland Abbey, both thicknesses of soft capping have a less pronounced thermal blanketing effect.
This is explained by the small size of the test boxes which makes it a harsher experiment as there is
less inertial mass of soil. Despite this, as shown in figure D4 (ii) the presence of soft capping
successfully prevents the temperature of the underlying stone falling beneath zero whereas the hard
cap reaches approximately -3°C and dips below zero several times. Indeed, the response of the
stone under the hard caps is very similar to that observed under the loose stone within the hard cap
at Byland (figure D2), thus allowing us to be more confident that our hard versus soft cap
comparison at Byland is meaningful.
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hard cap

Figure D4: Temperature data from the rooftop laboratory simulations. (i) Data recorded for June 2005.
(ii) Data recorded for November 2005.

Looking at the data from Byland Abbey, the thermal blanketing experiment and the long term roof
top experiment it is clear that, in answer to our first question, soft capping does indeed provide a
good thermal blanket. Under normal English climatic conditions even a thin layer (5cm) of soft
capping prevents the stone cooling below zero, thus removing any threat of frost damage.
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Laboratory experiments: thermal expansion
The results for the thermal expansion experiment designed to test how vulnerable some of the stone
types from the monuments studied are to damage from heating and cooling are shown in table D1.
For each stone a coefficient of expansion (in mm/mm per degree C temperature rise) was
calculated. It was found that Byland stone was particularly susceptible to expansion on heating (its
coefficient of thermal expansion, as with those of many sandstones reported in the literature, was
around 3 times that of the limestone from Hailes and Kirkham).

Byland
Hailes
Kirkham

20 x 10-6
7 x 10-6
6.5 x 10-6

Table D1: Table to show the coefficients of expansion per degree of temperature rise.

Using the data from the Byland Abbey test site for temperatures under the soft and hard caps in
June 2005 we can see that under soft capping the daily range is between 3 and 5 deg C, whereas in
the hard capping it ranges from around 5 to around 20 deg C. Assuming we have a block of stone
1m in length, we can calculate the linear expansion of that block under these two temperature
ranges. For the Byland stone, with the highest coefficient of thermal expansion, soft capping would
reduce the linear expansion and contraction of the block each day from 0.1 – 0.4mm down to 0.06
to 0.1mm. For Hailes and Kirkham stones the comparable figures would be reducing the expansion
and contraction from around 0.03-0.14mm down to 0.02 – 0.03 mm. Thus, clearly the reduction in
temperature ranges induced by soft capping can be beneficial to stones with high thermal expansion
coefficients. Stones already consolidated with hard ‘concrete’ mortars (as at Kirkham Priory) are
likely to be ‘trapped’ within cement, which has a low thermal expansion coefficient, and thus
cracking will result (see section F for more details).

Question 2: does soft capping reduce moisture fluctuations in the wallhead?

Field tests: moisture levels at the wall head relative to soft cap thickness
We proposed at the start of the project that successful wall capping should reduce the amount of
moisture penetrating vulnerable stonework. At Byland Abbey moisture probes were placed on top
of the wall head, at the base of the wall capping and gave us the opportunity to test this hypothesis
and to establish whether thicker soft capping has a more pronounced effect. Figure D5 (below)
shows the moisture readings for July and November 2005 to illustrate conditions in summer and
winter. The data are presented in microsiemens (units of conductivity, calculated as the inverse of
the measured resistivity values). Figure D5 (i) clearly shows that all soft caps, regardless of
thickness, show increased levels of moisture after rainfall events. For example, all soft caps show a
sharp increase in moisture after a rainfall event on the 6th of July. To measure the moisture
fluctuations under the hard capped section, the probe itself was built into the core of the wall whilst
the hard capping work was carried out. Thus, it records wetness in the wall unlike the soft cap
probes which record moisture levels at the base of, but within, the soils. Figure D5 (i) shows that
the wall core beneath the hard capping generally experienced damper conditions for the whole of
July, however, it shows a more muted response to periodic rainfall events. Figure D5 (ii) shows the
data recorded from the same probes during the November 2005. All the soft caps are shown to be
quite consistently damp for the whole month. In contrast, the hard cap is generally drier; however,
it experienced wider fluctuations in moisture levels.
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Figure D5 - Eltek moisture data from the Byland Abbey test site. (i)
( ) Data recorded for July 2005. (ii)
(
Data recorded for November 2005.

It is possible to draw some basic conclusions from the data presented above. Generally the data
implies that soft capped sections are wetter than the wall core beneath the hard cap during the
winter and drier during the summer. It is important to note, however,
owever, that it is quite difficult to
directly compare the probes located in the base of the soft capping with the probes buried into the
wall beneath the hard cap. To supplement these results further and draw more substantial
conclusions additional laboratory
atory experiments were carried out.

Laboratory experiments: water
ater holding and drying rate
To investigate the influence of soft capping on moisture fluctuations given the lack of clear cut data
from the Byland Abbey field site, we carried out an investigation of the water holding and drying
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rate of stone from three of the main test sites. The experiment compared the drying rate of bare
saturated stone, with that of saturated stone overlaid with turf and soil. The aim was to see if soft
capping slows the drying out of stone. Using a large-capacity balance, which weighs to an accuracy
of 10g, losses in moisture were monitored by changes in the overall weight of the test box.
The results for this experiment are shown in table D2. Understandably, the three different stone
types investigated here show widely different water retention properties (because of differences in
factors such as permeability and porosity) and the results are therefore not directly comparable;
however the overall observed trend is the same. Bare stone was found to lose 50% of the moisture
in between 3 hours (for Hailes stone) and 34 hours (for Kirkham stone). In contrast, for the soft
capped test boxes, less than 50% of the moisture was lost after a week. These results show that a
wet wall head will dry out more quickly when it is not soft capped. This suggests that the soft
capping is acting as a sponge retaining the moisture within the stone if the stone becomes wetted.
These result help to confirm that the presence of soft capping moderates drying and wetting of wall
tops in the short term, reducing the small fluctuations and day to day differences in water contents.

Stone type

Bare stone

Stone + side insulation

Stone + soft cap

Hailes

Lost 50% water in 3hrs

Lost 82% water in 4 days

Lost 43% water in 1 week

Byland

Lost 50% water in 14hrs

Lost 93% water in 4 days

Lost 13% water in 1 week

Kirkham

Lost 50% water in 34hrs

Lost 89% water in 4 days

Lost 45% water in 1 week

Table D2: The drying rates of saturated stone under different conditions.

Combining the two sets of results from Byland Abbey and the laboratory experiments described
above, there is some evidence to suggest that the soft capping mediates the wetting and drying of
wall heads, thus keeping conditions more constant. However, because of the difficulties of
monitoring moisture levels at the top of walls under different types of capping, and the potential for
variability in composition of the ruined walls at our test sites, it is hard to draw any very firm
conclusions. Further research is now under way using purpose-built test walls.

Question 3: how does soft capping influence moisture levels lower down in underlying walls?

Field tests: wooden dowels and geoelectrics installed at Byland Abbey
At Byland Abbey we were fortunate to have obtained permission to install and use the full suite of
probes and devices designed to indicate moisture changes within the wall. To investigate the effect
that soft capping had on the wall beneath the soft cap (not including the base of the soil overlying
the wall head which was monitored using the Eltek probes as reported previously), we drilled holes
in mortar joints within the capped wall (Byland 1) to take wooden dowel measurements and also did
full geoelectrics surveys.
Wooden dowels are a useful yet simple method for monitoring moisture levels in walls. In previous
investigations, they have been found to provide a useful source of point data to supplement
geoelectric surveys and telemetric probes. Moisture contents are presented as a percentage of the
dry weight of the dowels. Each dowel is emplaced for 4-6 weeks to obtain a time-averaged measure
of moisture. Although we had a large number of dowels installed at the Byland Abbey site and thus
obtained a substantial quantity of data, much of this data is quite ‘noisy’ and as such should not be
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relied upon on its own; rather it should be considered with other data such as the geoelectrics
surveys (discussed below). Figure D6 (below) shows wooden dowel data from mid-December 2004
to January 2006 at Byland Abbey. The control dowels were installed beneath an uncapped section
of wall to provide a comparison for the data collected beneath the hard and soft capped sections. All
dowels were installed roughly 30cm below the top of the wall. The green and blue lines show the
wall moisture below the 10cm soft capping. These lines indicate that the dowel measurements
show the same trend as the Watermark probes in the soils above, whereby the wall is wetter in
winter and drier in summer (as reflected, for example, in figure D6). The red and orange lines
shows a much more variable trend in moisture, showing that the wall conditions beneath the hard
cap are more susceptible to changing moisture levels as a response to rainfall input.
What we infer from this dataset is that the soft cap mediates the wetting and drying of the
stonework in the underlying walls in comparison with uncapped and hard capped sections; thus
walls under soft capping show fewer wetting and drying cycles. This should protect them from
some deterioration processes. However, the data are complex and dowel measurements at Hailes
Abbey illustrate some slightly different trends (see figure D8 and accompanying text). Thus, we are
now carrying out further research on the impact of soft capping on moisture regimes in the
underlying walls using purpose built test walls.

Figure D6: Graph to show the wooden dowel data for 14 months from December 2004 until January 2006 at Byland
Abbey.
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Wall surface

Wall surface

Figure D7 – Geoelectrics graphs showing wall resistivity under hard (left hand side) and soft (right hand side) capping at Byland Abbey. (i)
( April 2005. (ii) September 2006.
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As stated above, the data collected from the wooden dowels was supplemented by geoelectrical
surveys. A number of surveys were undertaken (as documented fully in Sass, O., and Viles, H. A.
2006. How wet are these walls? Testing a novel technique for measuring moisture in ruined walls.
Journal of Cultural Heritage 7, 257–263). Two geoelectrics profiles collected at Byland Abbey in
April 2005 and September 2006 are shown in figure D7 (i and ii). In order to interpret these
profiles it is important to understand that they are providing a horizontal ‘slice’ through the wall
(from the surface – at the top of each profile) stretching over 40cm into the stone – at the base of the
profile. Both profiles are taken along the same horizontal transect – which stretches over 5 m along
the long test wall section at Byland Abbey and is located about 30cm below the wall top, with the
left side under hard capping and the right portion under soft capping. The coloration indicates the
resistivity – with oranges, reds and purples showing high resistivity and blues and greens showing
low resistivity. Resistivity is inversely correlated with moisture (allowing for the confounding
influences of porosity, temperature and salinity) and thus blues and greens indicate patches of wall
with higher moisture contents. We can identify a number of features from the profiles. Firstly, that
the broad pattern of moisture distribution is similar in both spring and autumn and indeed the
absolute values are also pretty similar, although the autumn profile does contain some wetter
patches especially near the surface. The profiles also indicate a very clear demarcation between the
left hand (hard capped) side which appears to be much wetter than the right hand (soft capped) side.
Because we do not know the exact nature of the walls under these two cappings we cannot
confidently conclude that the trends in moisture are a result of the soft capping – however, our
findings are suggestive of this. Finally, the profiles also indicate how variable the near-surface
moisture patterns are – with some patches containing much more moisture than others. This
demonstrates forcibly the danger of extrapolating too much from the point samples that wooden
dowels provide when trying to infer two-dimensional moisture patterns through a section of wall.
In summary, using the dowel data from Byland Abbey, we can conclude that there is at least some
evidence that the walls under the soft capping experience less variation in moisture levels
throughout the year than those under hard capping. In addition, the geoelectrics data seems to
suggest drier conditions under soft capping in comparison to hard capping during both spring and
autumn. Unfortunately we do not have enough geoelectrics surveys or proper ‘calibration’ of the
technique for these conclusions to be firmly drawn and further research is now being carried out on
test walls to improve our knowledge and enable stronger comparisons between Watermark probe,
wooden dowel and geoelectrics datasets.

Field tests: wooden dowels and geoelectrics installed at Hailes Abbey
Figure D8 illustrates some of the dowel data from Hailes Abbey (soft capped versus control
sections). Initially, until January 2005 the capped section is much drier, as a result of the previous
scaffolding and covering of this section. Subsequently, the soft capped section shows similar trends
to those at Byland Abbey, i.e. drier than the control sections in the summer but comparably wet in
winter. Trends for the spring and early summer 2006, however, are less clear and drying of the soft
capped walls only starts to be apparent in July.
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Figure D8: Graph to show the wooden dowel data for 28 months from June 2004 until October 2006 at Hailes
Abbey.

Geoelectrical surveys under soft capping at Hailes Abbey were carried out between March and May
2005. Full results and discussion have been published elsewhere (Sass, O. And Viles, H., A. 2006.
How wet are these walls? Testing a novel technique for measuring moisture in ruined walls. Journal
of Cultural Heritage, 7: 257-263) and for this reason are not replicated in this document. Surveys
were taken along horizontal transects some 25cm below the base of the wall top under soft capped
and uncapped sections. These did not reveal such clear cut distinctions as the profiles from Byland,
whereby the uncapped sections are not clearly wetter or drier than the capped ones.

Question 4: how does the appearance of soft wall capping change over time?
One of the most basic concerns about installing soft capping on the ruined walls of ancient
monuments is that little is known about the performance of soft capping, how well it establishes
itself and how the biodiversity changes over time. It is quite difficult to quantify such qualitative
characteristics; however, using simple repeat photography we have tracked the change in
appearance in soft capping for the duration of the investigation. Such survey was carried out at
every site where it was possible to gain easy access to the soft capped sections without the need for
scaffolding or ladders. In addition to this, similar hard capped areas were also photographed, but
these areas experienced very little change. Figure D9, shown below, documents the change in
appearance of the long soft capped section of wall at Byland Abbey (Byland 1) at 3 to 6 monthly
intervals, from May 2004 until June 2007. It can be seen that whilst the grass has become well
established, the appearance of soft capping changes seasonally. There is some browning and dying
back of the grass during the summer months when water is scarce. However, the grass grows back
during the autumn and winter when rainfall is frequent. These trends are found at most of the sites.
Concerns that soft capping will become easily detached from the underlying walls in windy
environments have proved unfounded as the site at Whitby Abbey, and high wall tops at Kirkham
Priory both retained their soft capping without any problems. Furthermore, despite some minor loss
of turf and soil at the edges of some sections, it is also clear that the soft capping is resilient and
adapts to changing conditions well. However, some issues with animals have arisen at some test
sites. At Byland Abbey, for example, a rabbit burrow was established in one of the test sections,
whilst at Howbury Moated Site a fox dug up some of the turf (See photographs E6 and E7).
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Figure D9: Photographic survey of the changing appearance of soft capping from May 2004 until June
2007 at Byland Abbey.

Question 5: how does the species composition of soft capping change over time?
Where possible, to supplement the photographic surveys and provide a more detailed interpretation
of the performance of soft capping over a prolonged period of time we employed an experienced
ecologist to conduct vegetation surveys towards the start and near the end of the project. Many of
the soft capped sections were somewhat inaccessible without the use of the scaffolding and so not
all sections could be studied in equal detail in both surveys. To estimate the abundance of different
species the relative frequency of each was estimated using the DAFOR scale (D=Dominant,
A=Abundant, F=Frequent, O=Occasional, R=Rare) as shown in tables D3-D5. The prefix L was
used to indicate that the distribution of a species was localised. The results presented here are from
Byland Abbey, Kirkham Priory and Thornton Abbey where surveys were carried out in July 2004
and in June 2007. It should be noted that at Thornton Abbey the results may not reflect the true
species composition as recording was hampered by strimming of the grasses.
The turfs in the capping at each of the studied sites are composed of up to 10 common and
widespread grasses, which are typical of grasses found at low altitudes on neutral soils in north-east
England. The 2004 survey found that the principal species are Perennial Ryegrass, Yorkshire Fog,
Common Bent and Red Fescue. Varying amounts of Yellow Oat-grass and Cock’s-foot are present.
Other grasses are rare or localised. No sedges were found. Field Woodrush was only present at
Byland Abbey. Forb cover ranged from 30-40% at Kirkham, down to only 5-10% at Byland. The
most frequent forbs were White Clover, Yarrow and Germander Speedwell.
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Botanical Name
Anthoxanthum odoratum
Dactylis gloerata
Holcus lanatus
Lolium perenne
Trisetum flavescens
Luzula campestris
Sonchus asper
Trifolium dubium
Trifolium repens
Veronica chamaedrys
Vicia sativa
% Plant cover

Common Name
Sweet Vernal Grass
Cocksfoot
Yorkshire Fog
Perennial Ryegrass
Golden Oat-grass
Field Wood-rush
Sow-Thistle
Suckling Clover
White Clover
German Speedwell
Garden Vetch
-

Presence in 2004
F
O
F
LF
F
LF
F
O-F
100

Presence in 2007
O
O-F
R
R-O
O-F
F
R
L-F
85

Table D3: Breakdown of different species recorded in the Byland Abbey soft caps. The table shows
the major differences in species found in the 2004 and 2007 surveys.

Botanical Name
Agrostis capillaris
Festuca rubra
Holcus lanatus
Trisetum flavescens
Achillea millefolium
Galium verum
Geranium dissectum
Medicago lupulina
Senecio vulgaris
Trifolium repens
Veronica chamaedrys
% Plant cover

Common Name
Common Bent
Chewings Fescue
Yorkshire Fog
Golden Oat-grass
Yarrow
Lady’s Bedstraw
Cut Leaf Cranes-Bill
Black Medick
Common Groundsel
White Clover
German Speedwell

-

Presence in 2004
F
O
F
O-F
LF
LF
F
F-A
F

Presence in 2007
F
R
F
LA (seedlings)
R

100
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Table D4: Breakdown of different species recorded in the Kirkham Priory soft caps. The table shows
the major differences in species found in the 2004 and 2007 surveys.

Botanical Name
Anisantha sterilis
Catapodium rigidum
Bellis perennis
Crepis capillaris
Sonchus asper
Taraxacum officinale agg.
Trifolium dubium
Trifolium repens
% Plant cover

Common Name
Barren Brome
Fern Grass
Daisy
Smooth Hawksbeard
Sow-Thistle
Dandelion
Suckling Clover
White Clover

-

Presence in 2004
L
R
F-A

Presence in 2007
LF
L-F
LF-LA
O-F
F
O-F
F-LA
-

100

80

Table D5: Breakdown of different species recorded in the Thornton Abbey soft caps. The table shows
the major differences in species found in the 2004 and 2007 surveys.

In the 2007 survey it was observed that during the course of the project there had been some death
of the original turf. This was especially marked at Kirkham where most of the turf appeared to have
died. In contrast, the turfs at Byland were still relatively intact, as shown in the photographic
survey in the previous section. At all three sites there has been a considerable change in the
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composition of the turf. Generally there have been losses in grasses and corresponding increases in
forbs. Tables D3, D4 and D5 show a breakdown of the major changes in vegetation composition
for each of the field sites. It is possible that some of the differences between the 2004 and the 2007
survey may be accounted for by the incorrect identification or inappropriate categorisation in the
2004 survey. For example, the Grass Meadow Fescue found at Byland Abbey was considered rare
and localised in 2004 and thus it may have been overlooked.
The general conclusions that may be drawn are that the original turf does desiccate and then quickly
becomes colonised by opportunistic species. The July 2007 survey identified that the opportunistic
species that were present at the time of surveying were short-lived forbs. Whether or not they will
be joined by herbaceous or woody perennials remains to be seen. The results indicate that for the
long term survival of the turfs, Red Fescue and Smooth Meadow-Grass will be the most suitable as
they are the most drought tolerant and will regenerate well from their own seed. Other grasses may
be more resilient and appropriate under different climatic conditions.
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Section E: Practical guidance: Building soft capping (Alan Cathersides)

The purpose of this section is to guide the reader through the practical steps involved with the
implementation of soft wall capping. The basic process is quite simple; however, at each of our
sites, the walls to be capped differed substantially and inevitably modification to this basic process
was necessary. Generally, the easiest sites to cap will have walls consisting of a regular, straight
edge and a flat or slightly convex profile. A logical step by step process for these comparatively
easier sites is outlined below. Complications and limitations of the technique are discussed in the
second half of this section.
Prior to the establishment of soft capping, the existing walltop to be capped should be thoroughly
assessed. Frequently, the existing surface may have previously been hard capped as a result of
earlier conservation attempts. It is not necessary for these hard caps to be removed; furthermore it
may add considerable expense to the project. However, it is best for any major cracks to be
repaired as these may be preferentially exploited by weathering agents and as such may reduce the
protective capacity of the soft capping (photograph E1(i)). For the purpose of our research, it was
decided that no repair work would be carried out on the existing hard caps as it was desirable to
have the ability to compare the wall surface, before and after, should the soft capping be removed at
a later date. The use of geotextile materials as membranes beneath the soft capping is considered to
be unnecessary. The speculative advantages in using such membranes are negated by ensuring that
the installation of the soft capping is careful and considered. Moreover, considering the undulating
nature of walltops logistically they are usually impractical to install.

The basic process
 The ends of several turfs should be laid upside down, along either side of a section of wall top.
The ends of each turf section should be left to hang down the wall (photograph E1(ii)). It should be
noted that this may need to be done in conjunction with the next step in order to prevent the turfs
from slipping off the wall.
 Soil should be built up evenly over the walltop and turf ends to cover the whole surface area
(photograph E1(iii)). The soil should then be compacted firmly, by hand, to the desired depth,
however, it is important not to over compact the soil. The soil should be moist enough for particles
to bind together and reduce significant losses down the wall, but not wet. Should the soil be too wet
then it cannot be firmed properly and this can lead to significant problems further on in the process.

The sections of turf hanging over the wall should now be folded up over the soil and pinned
down (photograph E1(iv)). It is important that the turf is firmed down over the soil to ensure good
contact between the root mass and the soil; any remaining air pockets inhibit the emergent root
growth and will cause them to dry out and perish. The edges of the soft cap are especially
important, therefore, once the turf sections have been folded over, a slight bulge over the wall face
is ideal, but excessive bulging should be avoided. Overhanging bulges are problematic, as the turf
on the underside of the bulge is likely to die, which may cause soil loss as the turf disintegrates
(photograph E1(vi)).


 For narrower sections the next step is to trim the edges from one of the sections of turf to prevent
any overlapping. Alternatively, on wide sections of wall it may be necessary to fill in the gap using
additional pieces of turf cut to the appropriate dimensions (photograph E1(v)).
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Photograph E1: Images to show the main stages of soft wall capping. i) Repairs should be made to the existing hard
cap (if appropriate). ii) Turf sections should be hung over the edges of the wall. iii) Soil should be built up over the
walltop. iv) The turf should be folded over the built up soil and pinned down. v) Additional turf should fill in any
gaps. vi) The underside of a bulging tuft is likely to die and disintegrate.

Complications arise when attempting to soft cap sites that have irregular edges and uneven or
steeply sloping profiles, this includes when attempting to soft cap steps. Irregular edges should be
soft capped using the same process as described above; however, additional care must be taken to
ensure that overlapping of turfs is kept to a minimum. Overlapping is problematic as the turf
underneath will die out due to the lack of exposure to sunlight and the roots of the turf on the top
will have difficulties growing through the layer of dead turf directly beneath. Consequently, there
is then an increased likelihood of the roots drying out and dying.
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Photograph E2 (left): Uneven walltop before soft capping. Photograph E3 (right): Uneven walltop
after soft capping using a consistent depth of soil so that the finished appearance reflects the
underlying relief. (NB. E2 and E3 do not depict the same section of wall).

Photograph E4: When capping steeply profiled edges it is critical to peg the turf in place until it can
properly root into the mass of soil beneath.

If the profile of the existing surface is uneven, a decision must be made based upon the desired
appearance of the finished soft cap (photographs E2 and E3). Principally, there are three options for
overcoming this limitation. Firstly, the depth of soil may be altered over the profile of the wall,
thus making the finished surface after turfing even. Secondly, by keeping the depth of soil constant
over the profile of the walltop, the finished appearance will closely resemble the initial surface
before soft capping. Thirdly, the soil depth can be kept relatively constant, but not built up over
larger projections. The finished appearance is relatively even, but will be punctuated by the larger
stones which are then left uncovered, although this option may not be suitable for some historic
fabric.
Where the un-capped surface has a distinctly stepped profile, some thought needs to be given to
how to treat this (photograph E4). It is impossible to exactly replicate a step in soft capping
because turf will never establish properly on a vertical surface. The only real options are to cap
above and below the vertical face, leaving it exposed, which will initially retain the stepped
appearance (see photograph E5(i) below), but this will not be so distinct when the grass grows up.
This will also leave some of the historic fabric exposed. The other alternative is to ‘ramp’ the soft
cap over the step (see photograph E5(ii) below). This option protects the fabric more fully but
looses definition of the step.
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Photograph E5: i)) soft capping above and below the step initially retains its appearance but this will be
lost to some extent as the grass grows. ii)) ‘Ramping’ over the step means a loss of definition but
increased fabric protection.

Operational advice

Site Logistics
One of the main problems experienced with the soft capping of our test sites related to the
dimensions of the walls to be capped. Many of our sites required thee capping of walls of
considerable height and as such scaffolding was essential. It is important to note that soft capping
from ladders is impractical and unrealistic and should not be attempted. Scaffolding should be
erected at a suitable height, on both sides of the wall, to
to allow full access to the whole wall top to be
capped at about waist height. Logistically it becomes more difficult to work as height increases as
access to materials becomes more difficult. Both and turf and soil are heavy materials to hoist, so it
is best to ensure that an electrical hoist is fitted, even on relatively low scaffolding. In contrast, at
other sites where we were working on low walls animal damage to the soft caps became a problem.
For example as depicted in photograph E6,
E6 one of the soft
ft caps at Byland Abbey was damaged by
rabbits and one at Howbury photograph E7 was damaged by a fox scrambling up to sit on the
walltop. Rabbits will soon learn that burrowing is pointless in the shallow soft caps (the Byland
damage was never repeated) although
lthough feeding scrapes may be a problem on heavily populated sites.
If the potential for the fox type damage is foreseen, the use of a larger number of split cane pegs
which stick out by 150mm should discourage this behaviour until the turf has properly established.

Photograph E6 (left): A rabbit’s trial burrow at Byland Abbey. Photograph E7 (right): Damage to the
newly installed soft cap at Howbury caused by a fox scrambling up the side of this low wall.
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Timing
The ideal time for soft capping to be established is between October and February, as generally
sufficient rainfall can be guaranteed during this period to ensure that the turf is watered frequently.
Freshly laid turf is very susceptible to drying out, especially during the first three months, thus, it is
important to ensure that facilities for watering the turf are arranged should soft capping be
undertaken at other times of the year. This is very important, as drying out of the turf will cause it
to shrink and it is then impossible to close up again, which leaves the soil exposed and vulnerable to
being washed out. Turf in a soft cap is especially prone to drying out due to the restricted soil
profile, absence of moisture from below and the increased air turbulence on higher walls.

Materials
Our trials have shown that using locally grown turf cut using a mechanical turf cutter gives the best
quality turf for soft capping purposes. In all the trials where commercially bought turf was used,
the soft capping was not as successful. Local turf will contain a much wider range of species many
of which are tolerant of the climatic conditions of the site, whereas, generally, the types of turf
available to buy commercially do not contain species which can tolerate the hostile conditions
found on walltops. If commercial turf must be used it should be of a mix containing the minimum
possible percentage of Ryegrass and the maximum percentage of Bents and Fescues. In dry years
there is a strong chance that the soft cap will appear to die back during the drier summer months
(photograph E8). However the turf will usually grow back once the weather conditions become
wetter again. This will happen more effectively on established soft caps or those installed using
local turf because there is a bank of seeds within the soil. Commercial turf is grown on sterilised
soil and does not contain this seed bank and will consequently take longer to recover. Aesthetically
drying out may be considered a problem.
Soil is not such a critical issue as turf. Natural soft caps which have built up over decades or even
centuries contain a wide range of elements from natural soil formation and whatever broken pieces
were originally on the walltop. The grasses and other plants which form the best soft caps are all
tolerant of drought and low nutrients so there is no need to provide a rich soil or to add any nutrient.
Soils which are high in clay will tend to bake hard when very dry causing them to crack and they
will be difficult to re-hydrate so soil with a high clay content is best avoided, particularly in the
more frequently drier south and east of the country. A standard medium or sandy loam is usually
easy to obtain and satisfactory to use.

Long term considerations
Although periodic assessment of the soft cap is advisable, once the soft capping has been
established, after approximately the first three months when it is quite prone to drying out, it should
be relatively maintenance free. It is perfectly normal for the soft capping to dry out after prolonged
periods of dry weather during the summer months, and it may even die back completely, however,
established soft caps should be resilient enough to recover again over the autumn/winter when water
availability is again increased. Cutting back of the soft cap due to excessive growth should not be a
problem as the wall top location restricts nutrient and soil supply.
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Photograph E8: A soft capped section which has started to die back along the edges due to a long dry
spell during the summer.

Concerns
Beyond the purely aesthetic concerns of the site, there are various issues related to the use of soft
capping which have been considered and continue to be assessed. Photograph E9 shows excessive
damage to a wall caused by tree roots. All woody species have the ability to cause such damage as
they constantly grow thicker. Damage such as this from soft caps is not likely as grasses and most
herbaceous plants do not produce secondary thickening and therefore do not have the capacity for
causing such damage. Further concerns relate to the possibility of soft caps being invaded by
woody plant species. We believe the likelihood of such occurrence is very low as grass swards are
very competitive and the water supply is especially limited so the woody species are likely to be the
first to die out during dry spells before the more drought tolerant grasses. Due to these difficult
growing conditions it has been found that at sites with naturally established soft capping, trees were
more frequently found growing on the walls than in the soft caps (photograph E10).

Photograph E9 (left): Damage to a wall caused by the secondary thickening of tree roots. Photograph
E10 (right): A tree growing on an uncapped ledge on a wall.

An additional concern is that soft caps may be displaced by the wind; especially at particularly
exposed sites, or where soft capping is at height. As a precaution, where this may be a concern it is
important to make sure that the turf is pegged into position for the first 3-4 weeks while rooting
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takes place. After this initial period the soft capping becomes quite stable and the risk of it being
displaced by the wind is minimal. The best way for the turf to be pegged down is by using short
sections of bamboo cane, which can be easily pushed into the soil, as previously shown in
photograph E4. These can then be left to rot away naturally and they will keep the turf pinned
down for much longer than is necessary as an additional precaution.
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Section F: Practical guidance: building hard capping (Colin Burns)

Consistent with the previous section detailing the practicalities of soft capping, the aim of this
section is to provide an overview of the hard capping process. It is important, at this point, to make
a clear distinction between the two types of site on which hard capping methodologies may be
applied. Firstly, hard capping may be used on sites which have not undergone any previous
consolidation and thus are found in a ‘natural’ state (photograph F1).. These sites are often
characterised by vegetation cover and a clear lack of previous intervention from authorities.
Secondly, hard capping methodologies may be employed to conserve ruined wall heads that have
previously
usly been consolidated using cement mortars (photograph F2). This report focuses on this
second type of site, to which there has been some previous conservation using cement mortars.
Such sites represent the majority of monuments that are maintained by English
nglish Heritage.
Heritage

Photograph F1 (left): An example of a ‘natural’ site, where there has been no previous consolidation.
Photograph F2 (right): An example of a site where there has been some consolidation.

Traditionally, decaying wall heads in ancient structures were consolidated using materials reflective
of those used in the original construction,
constructio and great care was taken to match the colour of new
mortars with those of the ruined
ned structure. However, such considered techniques gave way to easier
and less time consuming methods,
methods and the
he use of cement mortars for the consolidation of ruined
masonry became the general practice of treatment employed by the Ministry of Works.
W
It has since
been shown that cementt mortars are inappropriate in a lime based structure and thus consolidation
techniques are reverting back to more traditional methods using lime mortars to match those used in
the original construction. Despite the problems associated with using cement mortars
m
for wall head
consolidation in ruined structures, it is important to note that historically it has helped to preserve
structures that would have otherwise now been lost to continued decay.
The main problems associated with using
u
cement technologies
es on lime based structures
struct
relate to the
differential thermal expansion and permeability
permeability characteristics of concrete compared to lime
mortars and stones in the existing wall head. Lime
Lime mortar has a much greater expansion coefficient
and permeability than cement.. Consequently, cement
c
capping can in effect create a solid beam at
the wall head which responds differently to thermal stresses placed upon the wall. Thermal
movement over an extended period of time will produce shearing
shearing between the cement and lime,
li
together with cross fracturing of the wall cap. Similarly, deep pointing of faces with cement has a
similar effect, which is usually exhibited by fracturing near wall ends/corners as shown in
photograph F3.. Such fracturing allows rapid rainwater penetration to the soft lime core of the
structure and can enhance decay. In order to prevent such decay,
decay intervention is required to soft cap
the wall and/or
or remove the cement and reform
re
the consolidated wall head.
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Photograph F3: Photograph to show cracking in the wall due to consolidation using cement mortars.

Hard Capping: The basic process
 Before commencing any practical work on a site it is important to understand what has
previously been carried out by conducting a records search. Uninformed wall clearance and
consolidation can destroy important archaeological and historical evidence.
evidence Photogrammetric
methods, rectified photography and/or drawings
drawing should be used throughout the wall clearance to
record and assess thee initial state of the wall head. At all stages of the hard capping it is essential
that photography is used to record the procedure, and where possible a detailed written record of the
materials and technologies used should be kept.
 The exact positions of all face stones and any notable archaeological features on the wall head
should be recorded on a planning frame. This consists of a simple wooden frame on which clear
plastic sheeting is attached. This frame must be positioned on pins
pins in the masonry to ensure that it
can be realigned precisely into the same
sa
position at any given time. Each individual stone and the
skyline of the broken wall head is traced onto the planning frame to allow
allow for an accurate rebuild.
Each stone is numbered so that it can be clearly identified at a later stage (photographs F4 and F5).
F5)

Photograph F4 (left): Setting up the planning frame. Photograph F5 (right): Tracing the outline of
individual stones onto the planning frame.

Dismantling the wall can now take place. As each face stone is removed it is numbered using
indelible marker or paint, in accordance with the planning frame (photograph F6).
F6) Routinely the
number is written on the top bed of the stone prior to its removal from the wall. The only exception
to this general rule is that the top course should be marked on the bottom bed so that it is hidden
once the wall is rebuilt. This is an important process as it allows the mason to be able to identify
the correct face of stone
tone from the pile collected as the wall is dismantled. The removed stones must
be cleaned of any residual mortar and then stacked away from the wall ready for rebuilding later.
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As the face work
ork is dismantled the core is removed. As above, these stones
stone must be cleaned of
residual mortar before being stacked separately for use in the rebuilding of the wall (photograph
F7).. It is often virtually impossible to remove all the residual cement from the core work without
causing damage to the stones, and consequently,
con
it is often necessary
essary to discard
disca the majority of the
core work. During this dismantling process any roots or soil within the walls are removed. It is not
necessary to remove all traces of root material and fine roots can remain buried in the wall
w as they
are unlikely to grow due to a lack of sunlight. Substantial root systems, however, are often traced
down the wall by unpicking the masonry until they are no longer deemed to be a problem.


Photograph F6 (left): Numbering and labelling the face work stones as they are removed from wall.
Photograph F7 (right): Removal and cleaning of the core work.

 Generally when taking down consolidated stonework of this type the depth of the previous
consolidation is found to be between 400-600mm
40 600mm deep. An exception to this was found at Byland
Abbey, where the depth was between 200-300mm
200 300mm deep, and Kirkham Priory, where it was found to
be 1m deep before the original core mortar was found. In any case, it is essential that all the cement
cemen
be removed from the wall head, which can
ca be a time consuming procedure. To determine the depth
of the cement one can simply drill through the wall head until the original mortar is found.

Once dismantling is completed the exposed wall head should be prepared
prepared for resetting the face
stones by brushing off loose material and washing with clean water. Rebuilding can then
commence, starting with the face work
wor which should be positioned in accordance with the planning
frame. On completion of each facing course, the core work should be installed, thus building across
the wall in levels. This process continues until the final course of face work, at which point the
broken wall head must be constructed (photographs F8 and F9).


Photograph F8 (left): Cleaning the surface to prepare it for rebuilding. Photograph F9 (right): Starting
to rebuild the wall in levels across the wall.
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The relationship between the face work and the core work is critical, especially for the
construction of the broken wall head. It is important that the final formation of the wall head shows
a good continuity with the rest of the structure (photograph F10). It is generally accepted that the
finished
inished wall head may be modified from the original ‘as found’ position to mitigate against
rainwater ponding. It is important, however,
h
not to compromise any archaeological features that
exist within the masonry. When fallen masonry is reintroduced
reintroduc to a wall to raise levels of the wall
head, a black line or similar arrangement can be introduced to indicate the height of the wall before
consolidation of the added masonry.


Photograph F10: The completed wall showing good continuity with the rest of the structure.

Operational advice

Site logistics
With the exception of very low walls (below approximately 1.5metres) a scaffolding platform will
be required. It is essential that an independent access mason’s scaffold is used, and that it is not
affixed in any way to the wall. Any contact with scaffolding
scaffolding bars and the wall to be capped, must
be cushioned with plastic end caps. The scaffolding must also be suitably load bearing as once a
section of wall has been dismantled then a considerable weight will be placed upon the scaffold. In
addition, an electrical
ectrical or mechanical hoist needs to be fixed to the scaffold to raise and lower the
materials.
When working on long stretches of wall it is important that the wall is dismantled in short sections,
approximately 3m stretches. This is the most suitable method
method for a number of reasons. Firstly, if
the whole wall is dismantled at the same time then a considerable load is placed upon the
scaffolding. Furthermore, it is safer to work in sections along a long wall as movement along the
scaffold may become impaired
aired as the space on the top of the scaffold is constrained
constrain by loose stones.
Secondly, to make it easier to reconstruct the wall once the stones have been cleaned, it is useful to
dismantle the wall in sections so that the mason may “remember the way that
tha the wall was
originally built”.

Materials
When attempting to clean the residual cement mortar from the stones,, it is often impossible to
separate the cement from the stone without causing considerable damage to it. Consequently,
significant amounts of stone need to be discarded
dis
and replacement stones need
eed to be sourced. At
Kirkham Priory approximately 15 – 20% of the face stone work was found to exhibit fractures that
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were approximately 100mm from the face and ran parallel to the face and thus a large quantity of
replacement material was required. Traditionally such replacement units were sourced from stone
heaps that were held on an ancient monument site. Following the clear-up of many of these ancient
sites in England, such heaps are often no longer available and stones must be sourced from suitable
quarries, as advised by geologists, to match those used in the original wall as closely as possible.
Although geological compatibility is important, the main objective is to improve structural integrity
and increase the life expectancy of the wall. The main problem with using such freshly excavated
stones is that they are not weathered to the same extent as those in the rest of the wall and thus they
can look rather out of place. Furthermore, unweathered material is likely to be more resistant to
weathering and decay, which can in some cases place additional localised stresses on the fabric that
it is intended to assist. This should, however, only be a serious concern in walls where the old
masonry is in very poor condition.
In wall head consolidation the selection of appropriate mortars is extremely difficult. For the
conservation of ruins the main requirement is that the mortar is suitable to protect the masonry
without creating new problems and that it is capable of withstanding the elements in each particular
location. Before designing the new mortar it is important to make a visual inspection of those in the
wall in terms of colour, texture and weathering. If possible, it is helpful to take samples of
unweathered mortar for analysis and historical records. These observations can provide a useful
source of information when designing the new mortar; however, the first consideration should be
the type and condition of the stones used in the wall. Generally the mortar is designed to be more
permeable than the masonry units in which they occur as this helps to allow moisture movement
though the wall. The colour and appearance of the mortar is normally derived through aggregate
choice, however, the traditional ‘like for like’ approach may need to be adjusted in order to
distinguish new work from old.
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Section G: Implications for future conservation practice: soft or hard capping?
capping (Chris Wood)

This final section considers the implications of the research findings in relation to the conservation
of historic sites and monuments. It also flags up unanswered questions and potential future
directions to be explored.

Historical Data

Photograph G1: An early photograph showing the Church at Rievaulx before the Ministry of Works
Work
began
gan consolidation in the early 20th century.. A natural soft capping had developed over the previous
350 years and seems to have provided good protection for the masonry below.
below

Photograph G1 shows that historically vegetation has colonised the wall tops of many ruined
buildings and monuments. The presence of vegetation in this example will almost certainly be a
function of neglect rather than active conservation or management of the monument.
monument Unfortunately
there is little quantitative evidence of the condition of the walls beneath the vegetation, but
nonetheless, it certainly appears to be in good condition despite the lack of maintenance. A similar
example from Kirkham Prioryy is shown below
belo in photograph G2 (i),, which shows a 19th century
view of the laver where vegetation has been allowed to grow naturally over the wall top. This again
is likely to be due to neglect as opposed to active conservation management:
management: although it is possible
thatt retaining the vegetation to enhance this ‘picturesque’ backcloth may have been deliberate.
Photograph G2 (ii) shows a recent photograph of the same location. Most of the vegetation has
been removed and only mosses remain on small patches of the wall. Through a comparison of the
photographs, we may infer that the condition of the wall in the 19th century photograph is relatively
good, especially considering the likely neglect of the monument for four centuries. Importantly, the
medieval tracery is still in very good condition in the 19th century image, so the wall head
(including its organic growth) must have conferred protection from the elements. The significant
change that is highlighted by the two photographs
photographs is the change to the facework in the intervening
period. The ashlars and heraldic emblem in the spandrel have been lost at some point along with
the removal of the vegetation. Frustratingly, there is no documentary evidence to show whether the
deterioration
ration was caused by the removal of the vegetation or not.
Further along from the laver at Kirkham Priory
P
is the wall of the refectory.
refectory Photograph G3 (i)
shows this section of wall in the early 20th century, prior to the Ministry of Works consolidation
programme of the 1920s. The wall is shown with a very flat and regular top, upon which there is a
grass cover. In comparison, photograph G3 (ii)) shows the same location more recently (in the first
decade of the 21st century). Most of the rubble walling is still intact, although the distinctive
coursing is not clear. More significantly, the wall top has been consolidated which has lead to a
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significant alteration in its profile. It is therefore probable that a significant amount of rebuilding
has been carried out on the wall, no doubt due in part, to structural requirements.

i

ii
th

Photograph G2: Kirkham Priory. i) A 19 century image of the laver with extensive natural vegetation
growth. ii) A recent photograph of the same section of wall where past conservation techniques have
led to the removal of the protective vegetation cover.
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Photograph G3: Kirkham Priory refectory wall. i) An early C20th photograph before consolidation
showing clear coursing lines of the facework and a very flat walltop with a grass cover. ii) A recent
photograph of the same section of wall without a grass cover and significant alterations to its profile.

Hard capping has been used as a conservation technique in a range of situations for the last 100
years, some of which have been illustrated in this report. There are many limitations to the use of
hard capping techniques, most of which relate to the differential thermal expansion of the concrete
or mortar relative to the stone used in the core and facework. As a consequence, even apparently
good hard caps which appear to be quite intact will often have minor cracks or crazing that admits
moisture keeping the stonework below quite damp. The historical photographs from Kirkham show
that in an effort to provide the requisite stability and facilitate quick runoff of rainwater, there must
have been extensive and invasive work to rebuild the walltops. As many of the sites examined in
this project are located in fairly hostile environments, there was a tendency to use very strong
cementitious materials which have lead to further problems with the underlying fabric.
Furthermore, the work required for reversing the hard capping is extremely demanding and equally
invasive. By contrast, the procedures involved in the establishment and removal of soft capping are
much less invasive and are consequently much less damaging to the historic fabric. It can be argued
that soft capping better implements the concept of ‘preserve as found’ than hard capping.
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Experimental Data

Thermal blanketing
The laboratory experiments reported earlier on in this report have focused on identifying the
thermal blanketing, water retention and water penetration properties of a turf soft cap. These
experiments have shown that soft capping provides an excellent thermal blanket for the wall head,
regardless of the thickness of soil. It was found that the soil thickness only became important in
especially hostile conditions, where a soft cap was going to be exposed to a number of freezing
events; a thicker soil bed then became beneficial. Thicker soil beds are also more likely to attract
more natural species to colonise the soft cap. This may be an important consideration when
establishing soft caps which are going to be left in place for a long period of time.
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Photograph G4: i) Decaying brickwork at Thornton Abbey. ii) Newly established soft capping at
Thornton Abbey, emplaced after removal of fragments from decaying brickwork surface. iii) The
same area of soft capping after 18 months in situ. iv Lifting the soft capping after 18 months to reveal
no fragments of decaying brickwork under capping.

Field observations have shown the effectiveness of soft capping as a thermal blanket, such as at
Thornton Abbey (Photograph G4) where freeze-thaw processes have been highly damaging to
exposed brickwork. As part of our field trials of soft capping we removed fragments of decaying
brickwork from a low wall top before capping. After 18 months the brickwork under the capping
showed no evidence of fresh decay, whereas the exposed brickwork adjacent to this showed
ongoing deterioration.
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Control of moisture ingress and runoff
Our studies so far have produced less conclusive results on the role of soft capping in reducing
moisture ingress into wall heads, partly because of the difficulty of finding suitable techniques to
measure water flow, and because of the unknown internal structure of many ancient ruined walls
(Photograph G5). Some of the evidence suggests that soft capping reduces the amount of moisture
entering walls, but there is also evidence that the influence of soft capping varies seasonally. More
research is needed in this area and this is now underway using specially built test walls.

Photograph G5: Installing a Watermark sensor into the core of the wall at Byland Abbey during work
to construct the hard capping. These sensors provided some data on moisture levels within the wall
under the hard capping, but were probably affected by mortar and eventually stopped working.

The installation of soft capping at Kirkham Priory gave us an opportunity to monitor the role of soft
capping in reducing damaging water runoff down the face of walls. At Kirkham, as shown in
photograph G6, there are notable black streaks down parts of the face, which reflect algal and other
micro-organic growths on runoff-prone areas. Some visual evidence of reduced soiling
(Photograph G6, (ii)) indicates that soft capping is indeed effective at reducing this runoff, but
further research is needed to confirm this.

i
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Photograph G6: Streaking on the wall of the frater before hard and soft capping installed. Streaking appears less
noticeable after 18 months on the soft capped section (under the black line), whilst there is no difference between
the hard capped section and the uncapped areas.
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Applying water to new soft capping at Byland Abbey also illustrated the potential water shedding
role of soft capping, as can be seen in Photograph G7. Whilst not a strictly scientific test, using a
watering can to apply water here showed that even short tufts of grass can shed water away from the
wall face, thus reducing the threat of algal colonisation and unsightly black streaking.

Photograph G7: The effects of watering newly emplaced soft capping at Byland Abbey, illustrated
the water shedding role of even short turf.

Practical considerations
Our field trials have illustrated that soft capping is fairly easy to install, although it still needs to be
done carefully and with thought. Each individual situation will require some individual
modifications to any general approach, depending on the local climatic conditions, the nature of the
walls, and availability of materials and personnel. As Photograph G8 shows, the soil can get
washed off if the grass dies back and forms bare areas, or if it is removed by wildlife.
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Photograph G8 i) one of the test soft capping areas at Thornton Abbey at the time of installation ii)
The same area after 18 months.

Particular care needs to be taken at the edges of soft capping, as here the soil dries out easily and
grass grows with difficulty. Observations of natural soft capping show that sedum plants may be
particularly good at growing under these edge conditions (Photograph G9). In the longer term,
seasonal drying out of turf capping is to be expected and our research shows that they recover well
in autumn and winter as long as water can reach them effectively. As with all conservation
approaches, maintenance is required, but this has been shown to be relatively minor, involving only
the removal of woody species whose roots might penetrate the stonework. Further research is
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underway on the use of alternative cappings, such as sedum mats and seeded mats, which may
prove to be more robust and easy to install under some circumstances.

i
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Photograph G9: i) Soft capping in highly exposed position at Whitby Abbey showing decay at the
edges ii) Older soft capping at Kirkham Priory showing exuberant growth of sedum along the edges.

Practical issues have also been raised during our research of whether or not wall heads need to be
consolidated before application of soft capping. In general, it appears that no consolidation is
needed apart from filling major cracks, but where the underlying stone is extremely porous it might
be sensible to cap with less permeable stone before starting work.

Hard capping and other alternative strategies
The research has also thrown light on the usefulness of hard capping as an alternative conservation
strategy. Whilst we have not provided a robust and detailed comparison of the two techniques, it is
clear that hard capping with appropriate lime-based mortars is a useful method in some
circumstances. At Byland, Kirkham and Thornton for example hard capping was installed
successfully and looks good and has proved to be resilient. However, it is also clear that eventually
hard capping will crack and decay and the repair and replacement costs are likely to be much higher
than the routine maintenance that we suggest is needed for soft capping. Furthermore, as we found
during this research project hard capping is a lot more expensive and time-consuming to install than
soft capping. Finding a suitable source of stone for hard capping can also be difficult. On a more
philosophical note, hard capping also usually involves creating a new profile and thus does not fulfil
the ‘conserve as found’ ideal.
Other conservation options exist, but have not been directly investigated during this research, such
as building roofs over deteriorating structures, as illustrated in Photograph G10 from Sherborne Old
Castle. We would propose that in such situations soft capping could work just as well, and look far
less intrusive.

Photograph G10: A zinc, flat roof built at Sherborne Old Castle to solve problems of water ingress.
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Decisions to be taken before choosing to soft cap
Four key issues need to be considered before deciding whether or not to use soft capping. Firstly, it
is important to address the philosophical issues and what you are trying to achieve by the
conservation. Principles of reversibility, minimum intervention, the use of authentic materials, like
for like repairs and ‘conserve as found’ all need to be considered before starting any conservation
project. As our research has illustrated, soft capping is often less invasive and more easily
reversible than other, harder, conservation strategies. However, it may not always be most
appropriate because of the perceived value of a monument and how it should look. Reacting to a
proposal to introduce soft capping to Hadrian’s Wall (Photograph G11 and see also photograph B9
and accompanying text) in the early 1990s the Ancient Monument Inspector wrote:
‘I remain totally against any sort of green alternative to the traditional way these lengths of
Hadrian’s wall in the guardianship of the State have been consolidated and are currently
maintained. The remains of the wall, albeit very fragmentary in places, should continue to be
conserved free of vegetation of any sort. Hadrian’s Wall, as one of the great frontier works of
any period in man’s history is now designated a World Heritage Site. It is also monument to
one of the world’s great empires, then stretching from Scotland to the Euphrates. It is also a
monument to one of Rome’s greatest emperors, one who actually visited the wall at its
inception and is considered to have taken a personal interest in its construction. Its inspired
design is no less a piece of architecture than Tivoli, Castel Sant’Angelo, the Pantheon and the
many other monumental buildings which Hadrian caused to be erected in provinces
throughout the Empire. The wall in our care has already been consolidated with hard
capping and should not now be allowed to gather vegetation and thereby blend in the
Northumberland landscape like a common field wall. It should stand out as far as possible as
a piece of Roman architecture of unparalleled grandeur...’

Photograph G11: Hadrian’s Wall – an example of a ruined monument which may be thought
unsuitable for soft capping for philosophical reasons.

Secondly, it is important to understand the fabric that you are dealing with and how it is decaying.
Soft capping may be particularly beneficial where there is a risk of surface erosion from run-off
from hard capping and if there is the threat of frost damage or differential thermal expansion.
Under other regimes of deterioration soft capping may be less effective. It is certainly not a
panacea for all ills. Thirdly, you should understand the climatic and microclimatic conditions of the
monument you wish to conserve. Drought-prone areas may not be suitable for turf capping,
although other plant communities may thrive even under very dry conditions (e.g. sedums).
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Fourthly, it is important to consider a monitoring and maintenance regime before taking any
conservation action. Simple photographic monitoring, coupled with inspection through binoculars
for high and inaccessible walls, can provide good evidence of the state of soft capping. Seasonal
changes will occur and thus monitoring should take place at the same times each year.

Further research
As a result of the success of this initial phase of research, we have started to carry out further
studies into various aspects of the use of soft capping. Several aspects are being followed up, i.e.;
longer term monitoring of the performance of the test soft capping sites already established, more
detailed investigations under more controlled conditions of the influence of soft capping on
moisture regimes within ruined walls, the use of alternative designs for soft capping (such as seeded
mats and sedum plants), the possibility of using soft capping for larger, more complex applications.
We plan to liaise with other bodies involved in parallel investigations of soft capping, such as
Historic Scotland who have carried out trials on a complex, large-scale example at Smailholm
Tower (Photograph G12). A Research Transactions volume and a Technical Advice Note are also
planned.

Photograph G12: Soft capping trials undertaken for Historic Scotland at Smailholm Tower.

Implications for future conservation practice
Adopting soft wall capping as a conservation technique for ruined monuments has potentially huge
implications for the appearance and management of historic sites. Soft capping undoubtedly leads
to a major change in the appearance of sites (as feared by the AMI in the quote about Hadrian’s
Wall above). It is also potentially a much less disruptive intervention than hard capping and
requires much less invasive maintenance and monitoring. The use of soft capping might secure
more historic fabric as it is relatively easy to install, and should also contribute to enhanced
conservation and biodiversity at heritage sites. Finally, and very importantly, soft capping has
proved to be a highly cost-effective solution to many conservation problems posed by ruined
monuments.
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