SETTRINGTON HOUSE STABLE BLOCK AND ASSOCIATED OUTBUILDINGS, SETTRINGTON,
MALTON, NORTH YORKSHIRE
Provisional survey and specification of stonework repairs

nigel copsey march 2008

The remit of this survey is to identify areas of particular decay to the stonework of the
buildings above and to recommend a suitable replacement stone where such
replacement is deemed necessary.
The main front of the stable block is constructed of oolitic limestone ashlar over a
Birdsall calcareous gritstone plinth. The inner walls are of squared and coursed oolitic
limestone rubble with intrusions of other stones, some of them a much less oolitic
limestone and some of them sandstone, associated with earlier repair programmes.
The Ryedale Vernacular Buildings Materials Research Group identified and investigated
four quarries locally in 2003, all of which had supplied malton oolitic limestone in the
past.
It is notable, however, that the church of All Saints, Settrington, which adjoins the
house and stable site, is constructed primarily of Birdsall calcareous grit and of
Hildenley limestone (the RSVBRG identifies much of the limestone as Malton Oolite, but
that observed by myself within the church is definitely Hildenley limestone and so is
the west doorway. The ashlar reincorporated during C19 rebuild and repair appears to
be Hildenley also).
Settrington House itself is constructed of Birdsall calcareous sandstone.
It is observable locally that the oolite has been used extensively for domestic and
agricultural buildings, most of which were reputedly built or rebuilt by Lady Sykes
during the 1820s. Its durability probably relied heavily in the long-term upon regular
limewashing, a practice which has all but disappeared during the last one hundred
years, and which discontinuation of local practice, as well as the introduction of
ordinary Portland cement mortars, has led to the significant levels of damage and
decay seen today in the Malton area.
The limitations of local oolite for the construction of high status buildings, certainly
after the arrival of ‘polite’ architectural style, was very early recognised, therefore,
Malton oolite being typically and reliably available only in relatively low bed-heights of
rarely more than eight inches. Dimensional, readily masoned stone was provided by
the Birdsall calcareous grit and Hildenley limestone formations. During the mediaeval
period, the Hildenley quarries were owned and used almost exclusively by the church.

After the Dissolution, the quarries fell into the ownership of the Strickland family and
was, once more, used almost exclusively by their owner. Hildenley limestone may be
seen today within all formerly Strickland family properties – Boynton and Howsham
Halls, York House, the Talbot Hotel. The quarries no longer operate.
Nor do any calcareous sandstone quarries, although the Fitzwilliam Estate has
submitted a planning application to reopen Brows Quarry on York Road in Malton. If
this application is successful, calcareous sandstone for the repair and conservation of
historic buildings locally will become available once more. No other sandstone
available matches this stone in geology, character or weathering.
Several oolitic limestone quarries do survive locally, at Whitewall and Hovingham, but
the business of both is primarily in the supply of roadstone and aggregate. Extraction
relies heavily upon blasting, which compromises the structure and quality of any
walling or dimensional stone supplied. Beyond this, the stone currently available from
the Wath quarry in Hovingham is quite unlike the Malton oolite used for building in the
area historically.
The oolite currently produced by Whitewall is similar, but must be handpicked and
then reduced or dressed by hand. Not being the business of the quarry, no selection is
made, so that piles of loose material are a jumble of stones from different beds of the
quarry, of variable character and durability. Even when stone is available, the cost of its
collection and then its working would be excessive and no guarantee anyway of
success for repairs to a building as particular as the stable block frontage.
There is currently no possibility of sourcing a like or reliable replacement stone locally,
therefore.

The outside front of the stable block is significant and unusual for being built of oolitic
limestone ashlar of locally atypical bed-height which ranges from between 9 and
twelve inches. The individual stones are also unusually long. The stone is, however,
strongly oolitic. It has been heavily, but carefully tooled in a pattern common after the

Eighteenth century. If local, it must have been the product of one unusually high bed
in one quarry, which produced stone for very few other projects, since I have not
observed oolite blocks of such dimension – whether as ashlar or as squared rubble –
anywhere else locally.
It is possible, of course, that the architect decided to use local oolite in the wrong
orientation – face-bedded instead of naturally bedded – to allow for the construction of
a more polite and impressive west elevation than would otherwise have been possible.
There is some evidence that this has occurred in the patterns of particular decay across
the elevation. It must be said, however, that one would expect to see much higher
levels of overall decay had such a transgression of the rules of stonemasonry occurred
throughout.
Being white to pale cream in colour, the stone is apparently very similar to local oolitic
limestones. Such limestones from Lincolnshire tend to honey and brown colours.
The stone has performed very well in general, requiring some localised repair and
replacement only, although some significant replacement work has taken place in
recent years using magnesian limestone, a material of quite different geology.
Given the absence of an available matching stone locally, as well as the importance of
using an appropriate and closely matched stone for repairs to these buildings, it has
been necessary, therefore, to seek further afield, elsewhere upon the Jurassic
limestone spine of England.
Malton oolite was sourced from the same oolitic limestone formation so extensively
exploited for construction in the Gloucestershire and Oxfordshire Cotswolds. Many
quarries remain active in Cotswolds, supplying building stone in colours ranging from
white to honey brown.

Repair Schedule
Outbuildings to the south of the house.

Significant areas of the squared limestone rubble of these buildings are in an advanced
state of disintegration; faces are heavily decayed and the blocks themselves are
generally riven by vertical and horizontal fractures. This pattern of decay is typical in
the local oolite when it has been allowed to become saturated due to deficient or
defective architectural detailing or defective rainwater goods. It would seem prudent to
purchase at least 7metres square of random rubble walling stone:
 5 metres square of 6” bed-height;
 2 metres square of 7” bed-height;
 2 metres square of 8” bed-height
Given that this material would be carried from the Cotswolds, it may make sense to
order a full lorry load, holding some material in stock for future use.
Some hand-dressing of this material would be required, particularly to the faces of the
stones to match the locally traditional pattern of tooling.

The west front of the stable block.
Whilst in a generally sound condition, decay has occurred locally to this elevation, in
association with exposure – on the arrisses of the openings – or with leaking rainwater
goods in the past.
Arrisses have lifted away where they have been progressively attacked by frost action
when still wet and salt crystallisation upon drying. Such returning quoin arrisses
present an optimum evaporation zone and will gather salts in their pore structure
which will disrupt the outer layers of the stone upon crystallisation.
For the most part, this damage raises no structural concern. If it is considered
aesthetically displeasing, then the architectural lines might be effectively restored by
way of discreet lime mortar repair of these areas with a mortar that matches the stone
for colour and texture. Such repair mortar might be made using oolitic limestone dust
and NHL 2.0 with a minimal sand content.
In some areas, the decay is more structurally significant and stone replacement may be
reasonably deployed. This is the case in two main areas: the first floor level quoins of
the gatehouse turret and the south reveal of the northernmost opening to the west of
the gatehouse.
The quoins of the gatehouse have suffered significant delamination and loss of
definition due to the effects of saturation with water from an overflowing gutter. This
damage is particularly extensive to the southern corner, though some stones of the
northern corner should also be replaced.
The quoins of the first opening to the south of the gatehouse are riven upon the reveal
by vertical fissures and sound hollow when tapped upon their faces. These stones, at
least, were laid in the wrong bed by the masons – face-bedded instead of naturally.
This was also the case with ashlar stones across this elevation that are showing
significant delamination. This may have started as stress cracking, but will have been
and will continue to be accelerated by frost action. A cutting list for replacement
stones in this area is below.

There is significant damage and loss of body to much of the calcareous sandstone
plinth, particularly to the stones of the upper two courses that lie in the same plane as
the main oolitic limestone wall. This is not a consequence of association of limestone
and sandstone, as some might assert, since the calcium carbonate is the binder of this
sandstone. It is likely to be the consequence of a certain amount of cascading of driven
rain from the wall above, but mostly from the action of salts drawn into these levels
from the ground. Calcareous sandstone, with so relatively tight a pore structure, is
little able to accommodate the expansion of salt crystals and these can lift off
significant plates of stone over time, exploiting natural fissures in the stone, especially
if these stones have been laid in the wrong bedding plane. Though calcareous
sandstone remains strong at depth, a reasonable case exists to reface these damaged
stones. This replacement should be like-for-like. Recent replacement of one section of
plinth with sandstone from the North York Moors, probably from Aislaby Quarry, whilst
the least inappropriate choice, has nevertheless altered the geology and authenticity of
this building and would do this the more so were it deployed across the plinth. I would
advise deferment of repairs to the plinth until such time as the outcome of the
Fitzwilliam Estate application to reopen Brows Quarry is determined. A successful
determination would allow the like-for-like repair of the stable block plinth.
Two stones of the gatehouse plinth, also calcareous sandstone, should also be
replaced in the future.

Cutting List, calcareous sandstone plinth stones:
Lettering runs from left to right, south to north:
Dimensions length, breadth, height
A
24 ½” x 7” x 8”
21 ½” x 4” x 8”
21 ¼” x 7” x 8”
13 ½” x 7” x 9”
24” x 4” x 9”
16 ½” x 4” x 9”
13 ¼” x 7” x 9”
B
14 ½” x 4” x 9”
15” x 4” x 9”
13” x 4” x 9”
C
2# 15” x 4” x 9”
D
24” x 4” x 8”
7” x 4” x 8”
19 ¾” x 4” x 9”
12” x 4” x 9”

E
19 ¾” x 7” x 8”
21 ¾” x 7” x 8”
13 ¼” x 7” x 9”
13 ¾” x 4” x 9”
12 ½” x 4” x 9”
14 ½” x 4” x 9”
F
19 ₃
/₈
” x 7” x 8”
G
18” x 4” x 9”
Gatehouse plinth
6 ½” x 8” x 8 ¼”
9” x 13” x 8 ¼”

Limestone ashlar and mortar repair
Z
1# mortar repair to delaminating ashlar stone.
Mortar repair arrisses of arch
A
13 ½” x 6 ½” x 11 ¼” at same time as plinth

B
Mortar repair arrisses and 1# r/h quoin
C1
Mortar repair
C2
Mortar repair
1# ashlar: 14” x 8” x 11 ¼”

D
15” x 4” x 11 ½”
17” x 4” x 11 ½”
E
1# ashlar, lowest course:
22” x 4” x 11 ½”

l/h quoin replacements, bottom to top:
12 ½” x 7” x 11 ½”
24 ¼” x 7” x 11 3/8”
15” x 7” x 11”
25” x 7” x 11”
12 3/8” x 7” x 11”
9” x 7” x 10 ½”

13” x 7” x 10 ½”
25” x 7” x 10”

r/h quoin
11 ½” x 7” x 11 ½”
F
1# piecing in to l/h springer:
8” x 7” x 15”

Accommodation Block
Mortar repair localised surface decay
l/h quoin of gatehouse turret
replace 13# quoins; 1# springer
r/h quoin replace 2# quoins and mortar repair

Gatehouse turret ashlar
South, left hand quoin:
From lowest to highest stone, starting from first course above abacus
Length: breadth: height
Course 1)
21” x 10” x 10”
2)

6 ½” x 10” x 10”
17” x 4” x 10”
3)
26” x 10” x 9 ¼”
4) 6” x 10” x 9 ½”
5)
15” x 10” x 9 ½”
6)
7” x 10” x 9 ¾”
7)
9” x 12” x 9 ¼”
8)
10” x 17” x 9”
9)
14 ½” x 10” x 12”
10)
18” x 10” x 10”
11)
15” x 10” x 11”
12)
20” x 12” x 9”
13)

12” x 15” x 9”

One number arch springer stone:
16” x 10” x 13”

Course immediately below abacus;
21” x 10” x 8 ½”
11” x 8” x 8 ½”

North, right hand quoin
10” x 10” x 12”
18” x 6” x 10”
14” x 12” x 11”
15” x 6” x 9”
10” x 15” x 9”
20” x 6” x 9”
8” x 12” x 9”
12” x 6” x 9”
20” x 10” x 9”

Fixing
New stone and wall should be well-wetted before refixing takes place.
Mortar
Ashlar should be refixed using a backing mortar of 3 parts Jewsons sharp sand (1
tonne bags, not 25kg bags – the contents are different): 2 parts Potland stone dust : 2
parts Singleton Birch Natural Hydraulic lime, 2.0.
Bedding mortar should be 5 parts Portland stone dust: 2 parts NHL 2.0

Rubble stone should be backed up and bedded in a mortar 3 parts sharp sand: 2 parts
limestone dust (from Whitewall quarry) : 2 parts NHL 2.0.

Portland stone dust available from Womersley’s Ltd
Womersleys Ltd.
Walkley Lane,
Heckmondwike,
WF16 0PG
Telephone:

01924 400 651

Fax:

01924 403 489

Email:

info@womersleys.co.uk

NHL 2.0 available from Chalkhill Lime Products:

Address:

Chalkhill Lime Products Ltd
Rosewood
Terrington

York
YO60 6QB

Telephone:

01653 648112

Fax:

01653 639113

Email:

info@chalkhill-lime.co.uk

Sawn six sides ashlar could be sourced from Farmington Natural Stone, Farmington
Quarry, Northleach, Cheltenham, Gloucestershire, GL54 3NZ. Telephone: 01451
860280. Fax 01451 860115.
Email: cotswoldstone@farmington.co.uk

Farmington supplies rubble stone also, but of a somewhat tawny hue.
Price of sawn-six-sides ashlar is £60 per cubic foot + VAT + delivery.
Price of random walling stone per tone bag is £180 + VAT + delivery
One bag offers approx 4.5m square of wall face.

Another supplier of both sawn ashlar and rubble stone is Stone Supplies (Cotswolds)
Ltd, Veizeys Quarry,Avening Road,Tetbury,GL8 8JT.
www.stonesuppliescotswolds.co.uk
This stone is paler in tone to Farmington stone – representing a closer match for local
oolitic limestone.

The price per metre squared of sawn-six-sides ashlar @ 100mm deep is £125 + VAT
+ delivery. This translates as £36.00 a cubic foot, but the figure may be higher for a
greater depth than 100mm.
The price of random rubble walling stone is £157.50 + VAT + delivery.
Samples from both quarries accompany this report.
Dring Stone of Hartoft supply an oolitic limestone from Creeton, Lincolnshire, sawnsix-sides to order as well as tumbled for walling. Texturally this is a good match for
local oolites. It may be a little yellow.
This has been used recently by William Birch for works to Settrington Grange.

Technical data for Farmington stone:

Composition
Farmington natural stone is an oolitic limestone, laid down in the mid Jurassic period approximately 165 million years
ago. The limestone belt from which Cotswold and Bath stone are sourced stretches from Exeter to Hull.

Appearance
Farmington stone has a fine-grained texture with some shell and compression layers visible. It is creamy in colour but
contains subtle colour variations adding warmth and beauty to the stone. Samples are available on request.

Weathering
Three major factors influence the weathering of natural stone's colour: surface texture; cleanliness of the
environment; and position relevant to the prevailing wind and weather. For example a rough textured field wall will
quickly go grey and attract lichens. A smooth vertical wall in a city will mellow to a honey colour but be influenced also
by local pollution. Any horizontal feature in the same structure will weather slowly to a greyer shade.

Orientation
All limestones are composed of stratified layers. To increase durability stone should be laid, wherever possible, on its
natural ‘bed’. Full information on bed position for architectural masonry is contained in BS5390 Code of Practise for
Stone Masonry.

Properties**






Density: 2200kg / m3
Compressive strength: 21.8N / mm2
Porosity by volume: 20.8%
Saturation coefficient: 0.72
Durability: Category C/D as determined by the sodium sulphate crystallisation test (BRe digest 269 “The
selection of building stone”)
 Thermal conductivity: K = 1.9W / m2 (exposed conditions)
**Authority Building Research establishment

Design Loads
Natural stone lintels are suitable for clean spans up to 1 metre. This will adequately support a triangular load from the
outer leaf. Lintels over this length are supplied split with a keystone and care should be taken that they are
adequately supported during construction. We advise that you seek the guidance of a structural engineer on such
matters.

Sitework
All Farmington stone products are accurately finished, particularly sawn stone and architectural dressings, many of
which are finished by hand, signed off with the relevant mason's mark. All stone should be handled with care on site
and if shrink wrapped it is recommended that packaging should be left on until the product is actually required. Stone
should be stacked on a level flat surface.
Limestone should not be used in close contact with sandstone.
On extraction limestone contains a certain amount of quarry sap and it will also be saturated with water during the
cutting process. For this reason it is advisable to cover stored stone during frosty conditions.

Distribution
Building stone is supplied by the bag (approx. 4.5M2/bag). It is supplied as random bagged, or individually coursed
and bagged (approx. 125mm on bed in varying course heights). Dry stone walling is supplied in bulk by the bag (one
bag of walling stone will produce approximately 2m2 of finished wall face).
Sawn stone and architectural products are supplied palletised and packed according to size and weight.
Any unusual site conditions that may affect delivery should be advised at the time of order.

How to specify/order
When specifying, the following is suggested: "Natural stone to be supplied by Farmington Stone, Northleach,
Cheltenham, GL54 3NZ" To place an order please contact the customer services desk and confi rm in writing by fax
or e-mail. Samples and sample panels for planning approval can be supplied. Our technical department can provide
specialist information and advice. Our technical representatives have considerable knowledge and experience on all
aspects of stone construction.

Exports
Farmington has exported its building stone throughout the world. In Melbourne, Australia an entire mansion has been
built using Farmington Stone. Farmington can now boast the longest Cotswold stone wall outside the Cotswolds in
Atlanta, USA. Farmington stone is also exported to various distribution outlets in Japan.
Export enquiries are dealt with by our customer services team.
Site by Bristlebird
home :: sitemap :: contact
Farmington Natural Stone, Northleach, Cheltenham, Glos, England, GL54 3NZ
T: +44 1451 860280 | E: cotswold.stone@farmington.co.uk | W: www.farmingtonnaturalstone.co.uk

Zones Z, A, B, C, left to right (above)
Zones C, C1, C2,D, E (below)

Zones F,G

Gatehouse Turret

LIME MORTAR

The chemical components of an ordinary portland cement and a natural hydraulic lime may often be common. What
becomes active in op cement, remains inert in an NHL. This can lead to confusion and uncertainty in some laboratory
testing methods.
Opc mortars, such as a 1:1:6 cement: lime: sand mix introduce potentially damaging sulphates into masonry walls--in
the presence of moisture these will be mobilised and their crystallisation may lead to the accelerated erosion of arrisses
and even the faces of softer, but also of harder stones. The addition of even small quantities of opc (or white cement)
will prevent any carbonation of free lime in the mortar. This means that the lime content is a plasticiser and an
aggregate only. It delivers no additional flexibility to the finished mortar.
A lime mortar introduces no salts.
A cement mortar, because of its flash set, is riddled with microscopic (and often quite visible) shrinkage cracks from
day one--capillary action will pull moisture deep into the structure; water will be trapped and leave the fabric more
vulnerable to frost action.
Water accumulates and moves unpredictably through masonry structures.
Lime mortars do not rely upon the resistance of water for their successThey accommodate the ingress of moisture, and then allow its rapid evaporation via the mortar joints, not the face of
the stone or brick as occurs when these are pointed with a hard cement mortar. Lime does not allow moisture to linger
in the fabric and minimises the potential for frost and soluble salt damage. It is eminently vapour permeable; it offers
maximum breathability.
Lime renders act as a sponge on the face of a building, soaking up water during rainfall, allowing its steady evaporation
once the rain has ceased. It is a sacrificial application, that will degrade slowly over time, to be repaired and replaced.
Its application is relatively inexpensive in materials and labour
Lime mortars are flexible, allowing often quite major settlement to occur in solid wall constructions without
compromising their structural integrity. Minor movement will lead to cracking in rigid cement mortars, and to the build
up of stresses that lead ultimately to spalling and cracking of stones as well as of mortar. Hairline fractures in lime
mortars are ‘self-healing’ being filled over time by leeched calcium carbonate in solution from the mortar.
The character of a traditional masonry structure is given as much by its lime mortar as by its stone. There is a unity
between the mortar and the stone; its form of construction was moulded by the combination.
Any serious attempt to recapture the essential character of a structure-its essence- will involve the use of similar,
traditional materials laid up with empathy for and understanding of the methods and procedures imposed upon the
mason by these materials and their combination. The use of more modern materials will compromise not only the
ability of a traditional building to function as its builders intended, but will radically compromise its aesthetic
appearance.
Sand used for lime mortar should be well-graded, having a good range of particle size; coarse/sharp or well-graded
plastering sand is appropriate, according to the fineness of the masonry; the addition of well-graded crushed stone is

appropriate; the use of Portland cement in any proportion is wrong-headed and inappropriate as well as unnecessary in
any situation.
Natural Hydraulic Lime is readily available These are reliable products that deliver good performance and all the
advantages of a lime mortar, although high calcium limes deliver mortars of greater porosity. They come in the form of
a bagged hydrate, and may be mixed in the same way as a cement. It is greater by volume than cement; 25kg will go up
to 3 times as far.
Putty limes, as well as quicklimes are readily available also.
St Astier NHL 3.5 lime should not be used on soft or decayed lime or sandstones. Being well-enough suited to use with
granite or other igneous stones, or for new-build with harder limestones and sandstones, it delivers too hard a mortar,
in my opinion, for use with softer stones. Putty lime, St Astier 2.0 or Singleton Birch natural hydraulic lime from the UK,
with hybrid mixes of NHL and putty lime not ruled out, are more appropriate for use with historic lime and sandstone
masonry, delivering less compressive strength and greater vapour permeability.
NHL 5.0 is suitable only for use in lime concretes or for particularly exposed and regularly soaked areas of lime mortar
- such as chimney flaunchings and ridge tiles.
The use of bagged, hydrated lime available from most builders merchants should not be automatically ruled out where
cost-pressure would otherwise lead to the use of ordinary Portland cement. It should always be fresh, and mixed with
water up to 48 hours prior to use.
Whilst historic non-hydraulic lime mortars were made with limestone burned at relatively low temperatures, leaving
many impurities available for later chemical reaction, this is not the case in the production of the majority of quicklime
used to produce lime putty today. Modern quicklime is produced at very high temperature, producing a very pure
product. This means that there is very little chemical difference between bagged and putty lime. The main difference is
in the maturation time of the rehydrated lime. The greater maturity of putty lime delivers a greater plasticity in use and
a more reliable product. The plasticity of bagged lime may be increased by slaking it in water before incorporating it
into a mortar. Research by Norman Weiss at Columbia University’s Department of Historic Preservation suggests that
the optimum period for this is 48 hours, no increase in plasticity being derived thereafter.
If bagged lime is used, it should be used in conjunction with a pozzalan to assist the set. This could be Metastar
(calcined china clay); appropriate brick dust or trass. Bagged lime may also be gauged with a natural hydraulic lime,
both to assist speed of set and to strengthen the mortar.
Quicklime or hot lime mixes were used extensively for building. Quicklime is mixed directly into moist sand, slaking as
it is mixed in. This was done on boards, not in mechanical mixers, and the mortar well beaten about. Quicklime will
expand in volume by up to three times during slaking, so that to produce a 3:1 lime mortar, one part of quicklime
would require 9 parts of sand. Research by the Smeaton Project for English Heritage has shown that mortars mixed in
this way (whether used immediately, or set aside for later use) possess greater mechanical strength and are more
durable than mortars made with either putty or hydrated lime, and that they form a better bond with the masonry units.
There can be little doubt that hot lime mortars were universally used for construction work from the Roman period, at
least, well into the 20th century - putty lime mortars being reserved for interior applications - using both high calcium
and natural hydraulic limes.

PhD research into the performance of a range of limes and limes in combination for use in pointing and mortar repair is
currently being carried out at Bath University by Mike Lawrence, owner of the Ham Hill Stone company.
The successful use of lime requires careful preparation of substrates/stones; sensitive application and conscientious
aftercare, yet there is no mystery to this.
BEDDING
Stones or bricks should be well-wetted (preferably submerged in drinkable water and only removed shortly before use)
before being built into the wall. The mortar should be quite stiff, not at all sloppy; quite unlike a standard, modern
brick-laying mix. The joints may be struck simultaneously with the stone-setting, but the aftercare will be the same.
The aggregate must be ‘brought-up’ to enhance the evaporation surface, as well as the appearance of the masonry.
This is best achieved by beating the mortar with the bristles of a churn brush, using short, sharp blows. This
simultaneously consolidates the mortar. Other methods, such as ragging and brushing risk pulling the mortar away
from the substrate.
When repointing brickwork, it is essential that the substrate be well-wetted. However, it is very important that the brick
is allowed to dry some before any mortar is introduced. The mortar should be as dry as is manageable/workable, to
minimise any running of wet mortar or lime-rich water from the mortar, onto the face of the brickwork. It is very easy
to stain brickwork during repointing work, and difficult to remove this staining once the lime has carbonated.
POINTING
Joints should be raked back at least two times their width, leaving any shims of stone introduced into wider joints by
the original builders in place if at all possible (setting them aside for reuse, if they come loose).
The use of angle-grinders during the mortar removal process should not be allowed. Mechanical blades are too fast,
too aggressive to enable the considered removal of defective mortars. Shims of stone within joints will be destroyed,
and thus will the character of the masonry, as well as historic fabric be compromised. In even the most skilled hands,
angle grinders will cut into the brick or stone of the building, leaving unsightly scars. The sharpness of the arriss that
may be created in otherwise rough stone ashlar can change the overall character of a masonry elevation significantly.
All dust and debris should be flushed out of the joints with water and areas to be repointed should be saturated
twenty-four hours before being worked upon using hoses.
The process should be repeated immediately prior to the start of repointing work and the hose played regularly upon
lower areas as yet unpointed even whilst repointing is being carried out above.
The necessity for copious pre-wetting cannot be underestimated.
The drying action of the older mortar inside the wall, as well as of the porous brick or stone would otherwise
compromise the adhesion of the new mortar, sucking it too dry too quickly and preventing necessary carbonation.
Carbonation of natural hydraulic limes is as important as that of air-limes.
Consideration must be given, however, to the possibility or likelihood of water penetrating to the interior of the
building, causing previously sound iron fixings to corrode, the mobilization of soluble salts to the detriment of interior
finishes, or other associated damage.
The new mortar should be mixed thoroughly prior to use.

Natural Hydraulic Lime-based mortar and hydrated masons lime will work better if re-worked in the mixer 24 hours
after first being mixed, although no further water should be added at this stage. This is not essential, and requires
experienced judgement. When using the mortar directly after mixing it, workability of the mortar is enhanced by initially
mixing the lime only with the water, the aggregate being then added to the lime slurry until the mortar becomes
sufficiently stiff.
Putty lime mortar will be easily worked and as plastic immediately after first mixing.
Joints should be wetted again before pointing, but should not be glistening wet when pointing begins.
The mortar should be sticky and stiff, not over-wet or sloppy.
It should be forced into the joint with a pointing iron narrower than the joint width, or fed into the joint with an iron
from a trowel or hawk with a minimum of affectation.
It should be compressed but not over -worked, as this would bring too much lime to the front, leaving the main body of
the mortar lime-lean and weak. The joint should be left over-full and ‘untidy’ at this stage.
The newly pointed areas should be hung with doubled burlap/hessian, which should be damp and which may be
regularly dampened thereafter, although not so much at this stage that the mortar behind begins to dissolve and run
down the face of the masonry.
The mortar derives its strength from having within it a good range of aggregates and from the steady progress of the
hydraulic set and the subsequent carbonation of free lime in the presence of moisture. The walls should be kept
covered and moist for at least a week, preferably two, and protected from sun, wind and driving rain as well as from
frost.
It is quite possible, if not always desirable, to work with, particularly hydraulic, lime mortars during the winter months.
However, careful attention must be paid to prevailing and predicted weather patterns, and appropriate action taken to
minimise the risk of losing mortar to frost. All chemical activity in a lime mortar ceases below 5 degrees Centigrade,
and work should not be carried out if temperatures are likely to drop below 10 degrees C for any length of time.
Prolonged cold and wet weather will seriously compromise the setting of putty lime mortars and leave them highly
vulnerable to frost action. As a general rule, these should not be used December to April. Any work with lime mortar
carried out in winter should be covered with hessian for as long as possible after completion of the work.
Surplus mortar may be raked off with a piece of wood after a few hours, or after 24 hours, depending on the weather
conditions and the predicted setting time of the lime used, when to do so will not cause any smearing of the mortar
onto the face of the masonry.
The mortar should be ‘beaten back’ with a stiff brush around 12-36 hours after being applied, at a point when it has
attained a stiffness that does not allow ‘pin-holes’ to be made by striking bristles or lime to be lifted by the bristles and
redistributed onto the stones around.
It should not be so stiff as not to allow the removal of lime bloom and the aggregate to ‘come up’ on the beating of the
mortar. Leaving a mortar ‘off the trowel’ leaves a lime rich and therefore harder and less permeable layer which will
reduce the breathability of the mortar and lead, over time, to the decay of the mortar immediately behind the denser
face.

The mortar should then be re-covered. The regular, but considered watering of the wall thereafter will promote the
entrainment of carbon dioxide deeper within the structure of the mortar and help to maintain and to prolong a steady
carbonation of the lime.

It is important to stress that a failure to follow this basic procedure will lead to an immediate or premature failure of the
mortar.
A properly designed lime mortar, correctly applied, will perform its intended function for many years and may be
expected to last for more than a century and, indeed, indefinitely. This is something that may not be said of an ordinary
Portland cement-based mortar, which will rarely last more than 20/30 years in the context of a traditional building and
which will be very damaging to the fabric in the meantime.
Any contractor using lime that does not pre-wet the masonry, and does not protect the mortar from too rapid drying is
not competent to be carrying out the work.
When the mortar has gained its fuller initial set, after 2 or 3 weeks, then the wall as a whole should be brushed down
with a stiff brush and any lime staining teased from the stone with fine stainless steel brushes as necessary.
VOID TESTS
Void tests establish the amount of lime required to coat each grain of aggregate in a particular sand. They are
performed by adding water to a measured quantity of dry sand until the sample is covered with water. The amount of
water added is then calculated and an optimum sand to lime proportion derived.

Useful websites:

www.spab.org.uk

www.buildingconservation.co.uk
site of the Building Conservation Directory, details of specialist contractors, articles.

www.historic-scotland.gov.uk

www.nigelcopsey.com

www.donhead.com

Useful Publications:

The US National Parks Service publishes an extensive series of preservation briefs, which may be downloaded from:

www.nps.gov/hps/tps/briefs/presbhom.htm

Survey and Repair of Traditional Buildings, a Sustainable Approach, Richard Oxley, Donhead;

Hydraulic Lime Mortar, for stone, brick and block masonry, G. Allen, J. Allen et all, UK Limes, Donhead, 2003

Historic Scotland Technical Advice Note 1 : Preparation and Use of Lime Mortars;

The Repair of Historic Buildings in Scotland,

Technical Advice Note 10, External Lime Coatings on Traditional Buildings, Historic Scotland.

Available from: Historic Scotland, Scottish Conservation Bureau, Longmore House, Salisbury Place, Edinburgh, EH9 1SH,
Tel.: 011 44 131 668 8668.

Repair of Ancient Buildings, AR Powys (available from SPAB, 37 Spital Square, London, E1 6DY, Tel.: 44 208 247 5996)

Structural Repair of Traditional Buildings, Patrick Robson, available from Donhead Publishing Ltd, Lower Coombe,
Donhead St Mary, Shaftesbury, Dorset, SP7 9LY.

Cleaning Historic Buildings (2 volumes), Nicola Ashurst, Donhead Press, Shaftesbury, Dorset;

Conservation of Building and Decorative Stone, Ashurst and Dimes, Butterworth Heinemann;

Society for the Protection of Ancient Buildings Technical Pamphlets:

www.spab.org.uk

The Need for Old Buildings to Breathe, Philip Hughes;

Pointing Stone and Brick, Gilbert Williams;

Treatment of Damp in Old Buildings, Andrew Thomas;

An Introduction to Building Limes, Michael Wingate;

Basic Limewash, Jane Schofield.

SUPPLIERS:

Chalk Hill Lime Products Ltd
Rosewood, Terrington, York, YO60 6QB
01653 648112 www.chalkhill-lime.co.uk

Womersley’s Ltd, Walkley Lane, Heckmondwike, West Yorkshire, WF16 0PG
01924 400651 www.womersleys.co.uk

Stone dust: 5mm to dust from Whitewall quarry, Norton North Yorkshire, owned by Clifford Watts. Portland limestone
dust, as well as other stone dusts are available from Womersley’s.

Estate Yard Stables 90 Old Maltongate Malton North Yorkshire YO17 7EG
+44 01653 690115

nigelcopsey@hotmail.com

www.nigelcopsey.com

Passion and expertise in the care and repair of old buildings

CONSIDERATIONS IN THE CHOICE OF REPAIR
AND REPOINTING MORTARS

Initial considerations:

 Has the original mortar performed as its builders intended?

Has it allowed the structure to breathe?
Has it proved generally durable?
Has it caused spalling, stress-cracking or other damage to
the stone/brick because it was too hard?
Has it loosened due to incompatibility?
Has it caused decay because it was too hard or dense?
Has it failed or deteriorated sacrificially where appropriate,
either because of excess moisture from failed architectural
detail or because of salts transported by rising damp, or
under the influence of air-borne pollution, or other
environmental decay mechanisms?

 Has it failed because of significant structural movement elsewhere in the structure, because of subsidence or poor
workmanship?
 Has repair been made necessary by external mechanical factors such as vehicle impact or seismic activity?

If the original—or later—mortar has caused no damage to the structure in itself, and if the need for repair has been caused by
obvious external factors such as impact or subsidence, there should be no reason to doubt its fitness for purpose on structural
grounds.

On the grounds of authenticity and compatibility, there is every reason that a repair mortar should be similar to the original in
both physical properties and character.

This respects the original intentions of the builders, preserves the historic value and character of the structure, as well as
ensuring its structural and cultural integrity for the future.

The original mortar of the majority of historic structures will be lime mortar. There was a strong tradition of building with mud
mortars in the Ryedale area, the weathering face of the masonry being pointed or rendered with soft lime mortar, internal
walls with earth plaster beneath lime finish coat. The presence of mud bedding mortar will demand that special consideration
be given to the hardness and strength of any repointing mortar, which will need to be softer and more porous than other repair
mortars might need to be.

The original lime mortar should be examined visually and manually. Its primary binder may be reliably identified in this way. A
lime mortar of any kind will tend to be open and friable. A mortar that contains ordinary portland cement will feel very
different even when it may look quite similar, and will be harder and more ‘vitrious’. It will be harder to pull apart or to break
and will appear much denser, with a much less open pore structure than a typical, softer lime mortar. Typically, an opc-based
mortar will appear quite grey, even when only small quantities have been added to an otherwise lime/sand mix. A lime mortar
that contains higher than normal volumes of high calcium, non-hydraulic lime, or a proportion of limestone dust, will feel more
‘fluffy’ than other samples made with more typical volumes of lime or without the addition of stone-dust.

The type and volume of aggregate used in a lime mortar can be estimated by dissolving a given volume of crushed mortar in
dilute hydrochloric acid. This will burn off the calcium carbonate content, leaving silaceous material behind. This will allow the
identification of sand used and facilitate the sourcing of the same or similar for use in the repair mortar. It will also provide a
guide (and a guide only) to the relative proportions of sand and lime. It should be remembered that hydrochloric acid will also
dissolve any limestone dust present in the original mortar. The presence of pozzalans, such as crushed brick or tile may be
assessed at this stage also.

Some indication of the type of lime used may be given by the visual and physical examination of the original mortar. The
presence of small lumps of lime tends to be taken to indicate the use of a hot lime mortar, quicklime having been slaked

directly into wet sand, for example, the lumps being quicklime that has air-slaked prior to mixing. Hot-mixed mortars were
probably the most commonly used for building throughout the historic period. Vitruvius makes a very clear distinction between
the use of hot-mixed mortar for building and matured lime putty mortars for internal plastering, and this pattern would seem
to have persisted until quite recently.

The choice of lime for the repair mortar should be informed by more than inspection of the old mortar. Laboratory analysis is of
little practical use in this regard, however. Local knowledge and experience are far more important: what is the geology of local
limestones? What kind of limes were being produced locally at the time? How were these limes treated by local craftsmen?
Was the use of hot-lime mixing common? Were the limes hydraulic or non-hydraulic? Does the building pre-date the arrival of
the railway? What other modes of transport existed?

In the Malton area, there are two main types of limestone: Malton Oolite and Hildenley Limestone. The local calcareous
limestone has a high calcium carbonate content and even this may have been burned to produce lime, although this is unlikely.
There were documented lime-kilns throughout Malton and a kiln survives at Hildenley, which may date from the early C18. In
1828, 284 Chaldrons (or 256, 624 litres) of lime were exported from the town via the Derwent Navigation (Copperthwaite, p66).

The Malton oolite is a relatively pure limestone and would have produced an air-lime, setting only by carbonation. Hildenley
limestone, however, typically comprises 75-80% calcium carbonate and 20-25% clays and sand. It is quite likely, therefore, that
the lime produced would have had an hydraulic, as well as a carbonation set. It may have made a harder, more durable but
somewhat less porous mortar. The British Geological Survey identifies other ‘hydraulic limestones’ in the Castle
Howard/Terrington area (BGS The Geology of Eastern England), which may have been exploited for the manufacture of building
lime locally. Historically, masons would seem to have chosen to use hydraulic limes wherever they were readily available
(although in Malton, as noted above, they chose to use mud until well into the Eighteenth Century).

The design of suitable repair mortars in the Malton area is complicated, therefore. It requires close examination of the existing
bedding and pointing mortars, as well as a proper understanding of the properties of local stones and their particular
vulnerability to decay mechanisms. The stones of the Malton area are generally porous and relatively soft. They decay readily
by dissolution in water (and particularly acid-rich water); they are especially vulnerable to decay by the crypto-flourescence of
salts and to the effects of air-borne pollution (which causes sulphation crusting to limestones and steady disintegration of
calcareous sandstone). All local stones suffer accelerated degradation and decay when pointed or repaired with ordinary
portland cement-based mortars, especially when they are subjected to regular wetting and drying/freezing and thawing cycles.

It is important, therefore, that repair mortars are relatively soft and porous and that they do not contain ordinary portland
cement. All old lime mortars I have encountered in Malton so far have been relatively open and soft and earlier lime mortars,
used in conjunction with earth, have been composed of lime and limestone dust, without sand. Later mortars incorporate
calcareous sandstone dust, but are typically light and fluffy, this being consistent with the high calcium carbonate content of
this sandstone. Earth mortars locally contain a significant proportion of limestone aggregate.

Historic lime mortars have a typical compressive strength in the range of 0.1 to 3.5 Mpa (Hughes and Valek, 2003). The typical
Mpa of a putty lime mortar, without pozzalanic additive is around 1.0, which is adequate for the demands of most, traditional
solid wall construction. An NHL 2.0: sand mortar at 1: 2 ½ proportion will achieve a compressive strength of 0.9 Mpa after 200

days and will have strengthened little more after 700 days. An NHL 3.5:sand mortar at 1:3 proportion will achieve a typical Mpa
of 1.0 after 28 days; 2.2 after 365 days. At a more typical proportion of 1: 2 ½ an NHL 3.5 will achieve a compressive strength of
1.3 Mpa after 28, and 3.1 Mpa after 365 days. (Figures, Foresight Research Team, in Hydraulic Lime Mortars, 2003).

These strengths are all within a range appropriate to the requirements of most historic masonry structures and deliver mortars
of good vapour permeability and appropriate flexural strength/flexibility.

A typical modern opc mortar, 1 lime: 3 opc: 12 sand, delivers an Mpa of 17.25, and the use of such a mortar on buildings
constructed with lime will invite only disaster.

However, even a 1:1:6 mortar, containing opc: lime: aggregate, by contrast, delivers a mortar with a compressive strength of
5.17 Mpa. This is considerably stronger than the likely maximum strength of a historic lime mortar, whether bedding or
repointing.

Furthermore, even a soft cement-based mortar (such as 1:2:9, opc:lime:aggregate, Mpa 2.4) will exhibit an inferior pore
structure to that of a lime mortar, reducing its vapour permeability and, therefore, its utility in allowing the building to breathe,
as well as its frost resistance in wet conditions. The flash-set of the opc prevents any carbonation of free lime, which is able,
therefore, to offer little in terms of flexibility. There is a high risk of uncarbonated free lime leeching out of the mortar in future,
under the influence of excess moisture or frost activity. This will result in extensive staining to the masonry as this lime
carbonates for the first time on the face of the wall (for examples of this, see recent works at Jervaulx Abbey).

Moreover, ordinary portland cement introduces salts into the fabric of a building, and then inhibits their movement into and
out of the joints (their being now filled with impervious opc mortar), so that they move into the masonry substrate along with
moisture. Opc comprises up to 30% salt, much of it in the form calcium sulphate (gypsum), added to increase setting time. The
crystallisation of soluble salts in the pores of stone will begin a cycle of disintegration and decay, especially adjacent to opc
mortared joints. In Malton, this process has led, in extremis, to the wholesale detachment of projecting faces of calcareous
sandstone blocks. Gypsum is a major cause of decay in lime-and calcareous sandstones.

Research into mortars carried out by the Smeaton Project showed that the addition of even a little portland cement “ has a
negative effect on the strength and durability of mortars”. This is so when cement is added at anything less than 50% as a
proportion of the lime content. Anymore than this, however, and the mortar will fail for being too hard, and will promote decay
in the meantime.

Finally, on top of disrupting the performance and promoting the potential decay of a building (and, quite simply, not doing its
job), the use of opc in a repointing mortar significantly alters a building’s appearance, and character. This is so even when white
cement is used, since the mortar will be much denser than the original lime mortar even when it is of a similar colour.

It should be noted that white cement generally sets harder than grey.

A further consideration when designing repair mortars, which overlaps with the above, is compatibility.

Repair mortars should be compatible not only with the stone or brick of the building, but with the original bedding mortar also.

Differential thermal and hygroscopic expansion within the fabric of a building will lead to irregularities of stress and strain
distribution throughout the structure which will effect the durability of mortar and masonry. The softer a mortar, the less
thermal and hygroscopic expansion occurs (Macias 1992, in Hughes and Valek, 2003). A strong bedding mortar expands more
than a soft (Vermeltfoort et al, 2000, ibid). Lime mortars generally have low thermal and hygroscopic expansion. This, and the
fact that lime mortars exhibit less shrinkage (and less cracking) than opc mortars, means that they are less likely to transfer
stresses into the surrounding masonry ( Viega and Carvalho, 1998, ibid), and are better able to absorb stresses transferred onto
themselves by surrounding masonry, than are opc mortars. The introduction of the latter into a lime-built structure will
promote the stress-cracking and spalling of masonry units, therefore, as well as trapping moisture.

Beyond this, opc mortar has been found to promote the conditions for the development of damaging sulphation skins more
than does lime mortar in several ways. The “susceptibility of mortars to react with air-borne sulphur dioxide is related to
porosity, specific surface and alkalinity of mortars” (Zappa, et al, 1994, ibid). Opc mortar leads to greater overall reactivity and
encourages sulphation. Its reduced porosity is seen as a key factor in this effect, as well as its smoother surface and, it seems,
greater available alkalinity.

Compatibility requires that no materials used in the repair or conservation of a structure contribute to its accelerated decay or
have other negative consequences. A “new mortar should be as durable as possible, without (directly or indirectly) causing
damage to the original material” (Van Hees, 2000, ibid)

In practical terms this should mean that repair mortars used are of a like composition to the original, having similar
performance and characteristics and being of similar mechanical strength and durability. They should be no harder than the
original and should, ideally, be slightly softer. There is no need —and many compelling reasons not—to use ordinary portland
cement as either primary binder or ‘pozzalanic’ additive.

Putty lime, pozzalanic materials and NHL mortars are readily available in the Malton area and beyond, as are the skills to use
them effectively or to educate those unfamiliar with their proper use.

At the present time, quicklime for the manufacture of hot lime mortars is less easily acquired. Hot mixing of high calcium
quicklime seems to have produced a mortar of greater mechanical strength and durability. This is thought to be due to physical
changes (abrading of) the aggregate surface and chemical changes in the contact zone between binder and aggregate, as well
as -when the mortar was used hot-between the mortar and the masonry units, improving the bond. The use of hot-lime
mortars was probably widespread historically, and modern constraints upon their use is to be regretted.
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