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The Hall in Thornton-le-Dale is a large H-plan house with subsequent extensions and
additions. It is currently a residential nursing home.
The tenor of both the exterior and interior detail of this building is of the earlier
Eighteenth century, with later superficial alterations. A large addition wing was added
to the east, stable side of the building during this century. Later 20 th century
extensions were built to the west of the building, at right-angles to the cross-wing,
associated with its current use.

south side, central bay
facade, windows and
portico from earlier C18;
opc rough-cast render from
1991, presumably replacing
earlier lime render

Little has been recorded or written about the Hall historically, at least in readily
accessible form. Pevsner (1966, p370) notes its existence, but quotes selectively from
the Victoria County History to suggest an earlier date of construction than that
suggested by appearances, relating the presence of ‘earlier mullioned basement
windows’, without mentioning the VCH assertion that ‘the present house was originally
an H-shaped Elizabethan or Jacobean building’ or the chamfered plinth at basement
level. The Victoria County History goes on to say that ‘much of the existing walling
above is probably ancient’ and that the ‘present hall is stone-paved and has a good
18th century fireplace.’ (electronic version, British History Online). The fireplace
remains, of course, as probably does the stone floor, beneath carpets in the current
hall.

There is much passing mention of Thornton Hall in the Royal Commission On the
Historical Monuments of England’s ‘Houses of the North York Moors’. Much of the
discussion is in the context of comparative observation of general architectural styles
locally and is informed by the assumption of a relatively late date of construction for
the H-plan building. The narrative states that Thornton Hall ‘was probably built some
years after 1669, when the manor was purchased by John Hill, a retired silk merchant’
and that ‘ the decoration and fittings of the hall date from the 18th century but this
does not necessarily imply that the general arrangement is different from the original’
(RCHME, 30). A little later, the narrative discusses the development of the cross-wing,
saying that ‘By the late medieval period the cross-wing had become a common feature
of the English hall house. It continued to be employed to contain private rooms and
service quarters in houses of the post-medieval period into the 17th Century, but
thereafter one of the main developments of house design was its gradual elimination
and the trend towards a more compact plan and shape.’ It is not wondered, in the
context of Thornton Hall, why a retired silk merchant, presumably having mixed in the
most polite of circles, if only as a merchant, would build anew an H-plan house in
1669, at the very time that this form of house was falling from favour.

first floor plan (RCHME)

Most usefully, the RCHME provides a plan of the hall, with original and 18th additions
clearly distinguished, as well as a photograph of the south front with earlier roughcast render within the central bay, taken around 1985.
That much of the masonry of the building pre-dates the C18 is clear upon close
inspection of the architraves from this period. In places – on the south west facade, for
example, North York Moors sandstone inserts make the transition from the outer edge
of the C18 architrave to the boundary with the calcareous sandstone previously
occupied by earlier stone windows.

To the west elevation, older window surrounds were not removed at all: the irregular
jamb-stones of earlier windows project beyond the crisp edge of the C18 architraves,
raising the possibility, at least, that the architraves themselves are of stucco, rather
than stone. They are currently painted. If of stone, the earlier window jambs will have
been dressed back in-situ to receive the newer surrounds.
Although the central bay and the walls of the cross-wings that meet this on the south
side are currently rough-cast rendered, the majority of the building is not. To the
south facades of both cross-wings, the masonry is of squared calcareous sandstone
ashlar, with stepped and rusticated quoins. The depth of the rebate from the chamfer
of these to the wall-line, suggest strongly that the whole of this building was rendered

in the past. The render would have been lime – or even of mud beneath a lime finish
coat in the earliest period – not the hard cementitious mortar currently within the
central bay. The presence of potentially jarring inserts between the ashlar and the
architraves of the south facade, as well as the visibility of the stones of earlier windows
elsewhere on the building also suggest strongly that the intention of those who
upgraded the building in the C18 was that it would them receive a surface treatment,
disguising their deceit. This may have been a render coat. It may have been limewash.

west cross-wing, south facade. Note
building break above brick flat arches
Quoins probably added as a whole at this
time, earlier C18.

West elevation of west crosswing; building break associated with
addition of cornice and parapet more
obvious.

Similarly suggestive is that the finer ashlar was reserved, in even the earlier period, for
the most immediately visible facades. The return walls of the cross-wings within the
central bay, as well as the west wall of the west cross-wing were built of squared
rubble, much lower in the bed that the more fully dressed ashlar. These must surely
have been limewashed at the least.

Also in the C18, the building was raised a little. A robust classical cornice with dentils
was added with parapet walls-cum-blocking courses above. The building break is
evident on all facades.
By 1890, at least, when Bulmer’s Directory was published, there can have been little
render surviving. The Hall is described as ‘a large stone mansion near the centre of the
village’. Such a description does not rule out the possibility that it was limewashed at
this time, of course.
In scale and dimension, as well as on plan, Thornton Hall is reminiscent of Boynton
Hall, near Bridlington. This was formerly the seat of the Strickland family and was
constructed soon after 1545. It was altered around 1684 and then classicised by Lord
Burlington around 1730, being also raised half a storey and remodelled within by
William Kent. It then received the attentions of John Carr in the 1740s.

Boynton Hall. This
H-plan house from
mid-C16 was
raised a storey and
classicised under
the guidance of Lord
Burlington, circa
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many earlier
features, including
1684 closet turrets
within the angles of
the H-plan.

It is considered by some that the Thornton Hall was built after the mid C17, by the Hill
family after 1661, who had demolished the manor house sold by Elizabeth,
Viscountess Lumley, in 1656.

Whilst the Hill’s may have wrought significant alterations, 1661 (or 1669, RCHME)
seems an unlikely date of construction for the main body of the house. Mullion
windows of the pattern of those recently revealed in the west wall of the east crosswing were common throughout the region by 1600. Many buildings in Coxwold built
during the earliest years of the C17, for example, display this pattern. It would be a
very wealthy and confident squire who could build such a house so soon after the
confusion and disruption of the Civil War and its aftermath, and one year after the
Restoration. An H-plan house of this dimension would have seemed neither
incommodious nor so horrendously out of fashion to an aspirant lord of the manor, of
merchant background, as Hill was, succeeding a much more grand and established
family in the role, that he would necessarily feel the need to engage in wholesale
demolition in order to build anew a pattern of house that elsewhere in the country was
in the process of supercession.
More likely, perhaps, that he made improvements to an existing house, and left to his
descendants the task of adapting the building more extensively to the shifting sands of
architectural style, and that Thornton Hall as seen today remains in its core the house
that was built some time during the latter half of the Sixteenth century, and probably
no later than its turn.
The stable block to the east of the house would seem to date from this period.

As they continued to do at basement level even after earlier C18 changes to the upper
storeys, windows from this earlier house are likely to remain in situ, or displaced, even
if unseen.

During repair works in the 1990s, two such surviving windows lost to C18
improvement works were uncovered. When rough-cast render was reapplied, these
windows were left exposed, along with a certain amount of the wall to either side,
heavily repointed with a hard ordinary Portland cement mortar. The upper window
remains substantially intact. The lower, three-light window has lost its earlier jambs,
these having been replaced with rubble-stone and left exposed along with the dressed
stone of the remainder. The rubblestone ‘jambs’ are also heavily pointed with opc
mortar. If they were introduced during the 1990s, which is likely, they will have been
bedded upon the same.

uncovered mullion and
transom window, with
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label/hood that has been
dressed flush with the
wall. Further window
below, cloaked in Virginia
Creeper.

Ordinary Portland cement mortar in the form of either pointing or render may be
considered entirely inappropriate for use in the context of old buildings of traditional
construction. They are incompatible in both hardness, compressive strength and in
their aesthetic. They will induce dampness and decay of external and internal fabric.
Externally, they will leave the masonry of the building to perform the sacrificial
function previously performed by the lime mortar, softer and more vapour permeable
than the stone. Stonework at the margins of an opc render may be expected to decay
and fragment at an accelerated rate; stone behind it may be expected to decay also,
due to the action of salts and even of frost trapped behind the opc render. Timbers
within the wall may be expected to rot at an exponential rate, often for the first time,
and to be made vulnerable to beetle attack in ways they have not been before because
of the increased moisture content of the wall as a whole. Internal panelling and
decorative finishes may also begin to decay and to degrade in patterns that will often
remain unnoticed for many years.
Ordinary Portland cement itself contains a high proportion of salt (sulphate), which is
thus introduced into the fabric of any building simply by its application and will seek
egress via the softer stone elements of a facade.
Calcareous sandstone, which forms the primary geology of this building, is especially
vulnerable to decay by salt action, being fine-grained and with pores too small to
accommodate the leverage applied by salts crystallising within the available pore
structure.
The removal of all impermeable modern materials from the surfaces or fabric of an old
building, therefore, should be the priority of any project to restore this building to
health and to the effective enablement of the building to perform as its builders
intended. Moreover, this endeavour will have a positive impact upon the health of
those that occupy and use the building.

The purpose of this report is to discuss the issue of the 1990s uncovering of earlier
windows to the west wall of the east cross-wing and to recommend surface treatments
for the building as a whole.

The windows were apparently uncovered without Listed Building Consent in the 1990s
(e-comm, Gillian Kleine) and it is considered unlikely that such permission would have
been granted had an application been made. It is considered that the revealed windows
disrupt the presentation of a thorough-going Georgian Facade and that they should
ideally be blocked once more and covered as before.
As alluded to above, it is difficult to sustain the case that, as seen today, the elevations
of Thornton Hall present such a pure Georgian Facade. Elements of the earlier building
are apparent upon most elevations, as they surely are in the plan and proportion of the
building itself and as a whole. The only truly Georgian facade is that of the western
adjunct that faces the older stable block. Such confusion of the C18 rendition by earlier
fabric is most apparent on the east wall of the building as a whole, with oak lintels and
projections, as well as the original rubble stonework plainly visible.

A stone window blocked on the west elevation remains seen alongside later windows.

Across all elevations except those sections opc-rendered, building breaks are clearly
visible, associated with the raising of the building in the C18.
As discussed above, this is most probably because of the loss of surface treatment,
whether of render or limewash, that disguised these inconsistencies when C18 conceits
were executed. It is not my understanding that speculative, or even informed,
restoration of such surface treatments is being currently required of the owners
(although evidence of former treatments may survive in more sheltered parts of the
building); nor even that removal of opc mortars is demanded.
It is my opinion that these windows, having been revealed now for 18 years or so
should probably remain so, and that their revelation itself has now become a legitimate
evolution of the building, reflecting late C20 taste for the antique and for the
celebration of architectural heritage. Whilst the leaving well alone might have been
counselled in 1991 - along with a presumption against the use of opc rough-cast
render and repointing - the windows have now been revealed for 16 years.
I do not believe that the Georgian rendition of this significantly earlier building is or
has ever been pure or iconoclastic such that the presence of these windows seriously
compromises its reading or its aesthetic. Nor has it been considered worthy of more
than a Grade II listing. It might be considered by some that the presence of so clear
and unequivocal a remnant from the early house – which survives on plan – enhances
the understanding and the reading of its complex evolution by the casual observer and
may encourage in them a wish to look a little deeper and to approach all repairs with
due caution in the future.
It must, of course, be borne in mind that in the absence of concrete evidence to the
contrary, it is not known for sure that these windows were not seen even after the C18
changes. Full interpretation and dating of interior details might throw light on this. The
lime render within the central bay may have been a C19 ‘tidying’ of the elevation as
found; alternatively, the removal of render from the rest of the building may have been
a C19 contribution. Render alone would have concealed them, even had they been
blocked – the rubble stonework is flush with the dressed stone of the mullion windows,
so that their outline could have been concealed behind imitation stone render when all
else was limewashed. Either the whole building was rendered to the C18 architraves,

therefore, thus concealing any evidence of earlier windows, or the building was seen
much as today – but without render anywhere – or else, the whole was limewashed,
leaving earlier windows available to the more inquisitive eye.

south front,
1980s, older, lime
render beginning
to fall away.
Windows not
revealed at this
time (RCHME)

It being neither the wish of the owners, nor of popular taste currently, nor even of the
Conservation Officer, that the revealed stonework of this building be either rendered or
limewashed, but left exposed, it is difficult to sustain the re-covering of these windows
in isolation.
There is no doubting the authenticity of the mullion windows that have been exposed,
in both their fabric and location, although that of the lower window has been
compromised by the removal of its earlier jambs. There is no question either, however,
that their current presentation is unfortunately ‘twee’ and affected. The isolated
exposure of the rubble stonework to either side in the midst of an otherwise roughcast rendered wall is an affront to this authenticity. The use of opc mortar to reinforce
the blocking, as well as to surround the masonry of the windows, will be damaging to
the stone, and will risk the loss of what has survived remarkably intact and in such
good overall condition. The displacement of the jambs of the lower window by rubble
stone ‘piles’, not keyed into the neighbouring original material that lies beneath the
render is also unfortunate and does dilute the argument for leaving this window
exposed.

The clear projection of the stoolings for jambs and mullions upon the head and cill,
beyond the chamfer of the mullions and jambs themselves is peculiar. Typically,
stoolings were left over-full and dressed in after fixing. That this has not occurred
here might suggest that the mullions and jambs are later and mis-matched. However,
this unusual pattern is observable elsewhere in the area – in Coxwold, for example, at
Manor Farmhouse, where the windows are of almost identical pattern and date from
around 1605. This practice locally has yet to be explained. It does not mean in itself
that the jambs and heads are not contemporary.
My recommendation would be three-fold, therefore:
A) That all opc mortars and other impermeable materials, such as modern acrylic
paints be removed from this building as soon as to do so would not incur
serious damage to the stone substrate or unreasonable cost to the owner. This
should include renders and pointing. There is some opc pointing to the
stonework of the south facades of the cross-wings, for example, that might be
removed now. Consultation with the National Parks Conservation Officers should
then take place regarding the re-instatement or not of lime renders where opc
renders have been removed. All repointing works should be executed in a lime
mortar appropriate in colour and character, containing NO opc at all. Long-term
and permanent removal of render from within the central bay would almost
certainly reveal remnant visible elements of earlier windows to the south face, as
well as probably complete mullion and mullion and transom windows to the east
facade of the west cross-wing similar in size and location to those within the
opposite wall.
B) That in the meantime, remedial works should be carried out to, and in the
vicinity of, the revealed mullion windows of the west wall of the east cross-wing.
Around the upper window, all opc mortar should be removed from the rubble
stonework and replaced with a suitable lime mortar (see specification below).
Existing opc render should be cut back to a vertical line at the maximum extent
of its current absence. A rough-cast LIME render, similar in texture to the
existing, should then be applied to the rubble stonework up to the outer edge
of the dressed stone of the window. Rough-cast opc render applied within the
openings of the window should be carefully removed. Any fabric of the C18

blocking that remains should be recorded and consolidated as necessary using
like-for-like materials. This should then receive a lime render similar in colour
to the stone, using sand and stone-dusts to achieve this match (see
specification below). This render should be knocked back after its initial set
using a churn brush. It should not aim to match the rough-cast for texture and
should not be painted the same colour as the rough-cast, or painted (or
limewashed) at all. The windows themselves would seem to retain their original
mortars and these should be left.
The lower window is more compromised. The loss of the jambs makes the case for
not re-blocking this opening somewhat harder to sustain. It would be
unacceptable, perhaps, to commission the carving of new jambs, in order that the
window might more sensibly be left. In the context of the dimunition of
authenticity, therefore, it might be preferable for this window to be carefully
blocked once more.
Any recovering of these windows should be executed using a soft lime mortar, the
hard opc render panels having been previously removed and the opening brought flush
with the wall using soft and porous bricks bedded in a soft lime mortar. No cutting or
bruising or ‘keying’ of the stonework of the historic windows should take place. All
blocking material should be fitted to the existing historic fabric. Clay tile should be
used to ‘take-up’ the angle of the chamfer of head and cill, sufficient for the latter to
provide an adequate and firm bed for subsequent brickwork. Bricks should be cut to fit
around the angles of jamb and mullion. The mortars used should then be allowed to
fully cure and set. The blocking should then be rough-cast rendered along with the
rest of the wall, using a soft lime mortar.

C) Any painting of stonework or render (whether opc or lime) should be executed
in either limewash or breathable mineral paint. No modern or ‘masonry’ paints
should be deployed. These are none of them breathable and will induce damage
and decay. Mineral paints, such as those manufactured by Beeck or Keim, are
vapour permeable and very durable, forming a chemical bond with the

substrate, unlike acrylic paints which simply sit on the surface (and peel off). See
below for suppliers.

Mortar mixes should be made using Singleton Birch Natural Hydraulic Lime 2.0 or 3.5
from Lincolnshire.
This lime is available locally from Chalk Hill Lime Products of Terrington, or from either
Travis Perkins or MKM in Malton.
The best sand for lime mortars locally is Jewsons Sharp/concreting sand or, currently
at least, Travis Perkins sharp sand. It is important to buy the Jewsons sand by 1 tonne
dumpy back, as its equivalent in 25kg bags differs and is not appropriate, lacking
sufficient fines. Travis Perkins sharp sand by the bag is suitable. Soft, ‘builder’s’ sand
should not be used in conjunction with lime mortars. It delivers minimal compressive
strength in itself and compromises that of other sands when used alongside them.
Limestone dust is available most economically from Whitewall Quarry, Norton and
should be bought as 5mm to dust. This may need to be sieved for use with finer joints,
as may the sharp sands.
For finer-jointed work and where particular colour matching is required, Portland Stone
dust or Guiting stone dust should be used. These are sold by the 25kg bag by
Womersley Associates of Heckmondwike and may be delivered next day. Womersleys
also stock Singleton Birch and other limes. St Astier NHL should not be used, delivering
a mortar that is generally too hard for conservative repair to old buildings locally.
Mortars for render might usefully be made using quicklime mixed hot into the mortar,
with or without being gauged with NHL. One part of quicklime is the equivalent of 2.53 parts NHL or putty lime, bulking up in volume when it is slaked in the mix. The use
of quicklime will increase the plasticity and vapour permeability of the mortar, but will
be ‘weaker’ than a mortar mixed with NHL only. For the repairs in question, NHL will be
more compatible with the existing render. If re-rendering in lime is carried out in the
future, the use of quicklime – with or without a gauging of NHL - should be preferred.
This would be much more compatible with the substrate of the original building.

Pre-mixed limewashes and Beeck mineral paints are stocked by Womersley Associates,
who will supply colour swash-books and technical advice on request.
Advice on the use of lime mortars, as well as on mortar design are attached to this
report. These are also available via my web-site: www.nigelcopsey.com.
A suitable mortar for repointing would be: 3 parts Jewsons sharp sand: 2 parts
limestone dust (either Whitewall or Portland); 2 parts NHL 3.5.
For the blocked window panels, this might be varied to 3 Jewsons sharp sand: 2
Guiting stonedust; 2 NHL 2.0
Proportions for the rough-cast should be similar in proportions of aggregate to lime,
but with one part of stonedust replaced by one of a coarser grit. Rough-cast should be
thrown onto the dampened wall, very liquid, from a scoop or trowel, layers being built
up progressively as each one sets.
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 Wath quarry, Hovingham, North Yorkshire, owned by Lafarge Aggregates. Portland
limestone dust, as well as other stone dusts are available from Womersley’s.

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. They are too
hard to be compatible with typical historic lime mortars. Opc mortar mixes such as 1:2:9 or 1:3:12 have
proven to be less durable than an unadulterated lime 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. The flash set prevents the carbonation of free lime
in the mortar, which will be vulnerable to being leeched out in wet conditions, to carbonate for the first
time elsewhere. 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).
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 breatheability.
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
mortar. Lime mortars are ‘self-healing’, small cracks being filled over time by calcium carbonate
dissolved from elsewhere in the mortar.

The character of a masonry structure is given as much by its 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.

Sand used should be well-graded, having a good range of particle size; coarse/sharp sand is appropriate,
its maximum aggregate size being selected according to the fineness of the masonry; the addition of
crushed stone is appropriate; the use of Portland cement in any proportion is wrong-headed and
inappropriate as well as unnecessary in any situation.

St. Astier Natural Hydraulic Lime, as well as other French NHL stocked by the Virginia Lime Works, is
readily available in the USA; hl2 hydraulic lime from Somerset, England will soon be available. Both are
reliable products that deliver good performance and all the advantages of a lime mortar. 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.
NHL 5.0 should not be used on soft of decayed lime- or sandstones. Neither is it well-suited for 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, NHL 2.0 or, with caution, 3.5 or HL2
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.
The successful use of lime requires careful preparation of substrates/stones; sensitive application and
conscientious aftercare, yet there is no mystery to this.

BEDDING
Porous stone or bricks should be well-wetted before being built into the wall. This will improve the bond
between masonry unit and mortar and prevent the mortar being rendered water deficient by the
suction of dry stone or brick. This rapid drying of the interface between masonry and mortar will occur
even if the mortar is made over-wet to compensate for the dryness of the stone. Too much water in a
mortar will weaken its set. The mortar should be quite stiff, not at all sloppy; quite unlike a standard
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.
When repointing brickwork, it is essential that the substrate (or the brick, if being built) 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, to minimise any running of wet mortar or lime-rich water
from the mortar, onto the face of the bricks. It is very easy to stain brickwork during repointing work,
and difficult to remove this staining once the lime has carbonated. Brick cleaning acids will attack soft
lime mortars as vigourously as they will the staining.
POINTING
Joints should be raked back at least two times their width, leaving any shims of stone introduced into
wider joints by the 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 would otherwise compromise the adhesion of the
new mortar.
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.
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 lime to the front unduly, leaving the
main body of the mortar lime-lean and weak. If the face of the mortar is harder and less permeable than
the rest, moisture will be trapped and the leaner mortar behind will degrade prematurely, at least until
the harder layer falls away, which it will over time. The joint should be left over-full and ‘untidy’ at this
stage.
The newly pointed areas should be hung with doubled burlap, which should be damp and which may be
regularly dampened thereafter.
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 72 hours, and for more than a week, if possible.
It must be protected from sun, wind and driving rain for 2 weeks whenever possible.

The surplus mortar may be raked off with a piece of wood or an iron after a few hours, 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, or 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.
It should then be re-covered. The regular, but considered watering of the wall hereafter will promote
the entrainment of carbon dioxide deeper within the structure of the mortar and enhance the ultimate
durability of the mortar.
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 residual lime staining teased from the stone with fine stainless
steel brushes as necessary.

Simple On-Site Mortar Analysis
Laboratory analysis of original mortars may often be of interest, it is rarely of practical use. Chemical
analysis will offer a breakdown of basic chemistry. It will not distinguish between chemistry of a
portland cement and that of a natural hydraulic lime, however. Portland cement contains similar
ingredients to NHL; it contains a lot of lime. The difference in performance is determined by the
temperature of firing and the method of manufacture. Analysis may offer a breakdown of sand sizes and
even demonstrate the geology of sands used, or their chemistry. It will not usually identify the source of
this sand, or offer suggestions as to where this may be found.

The most useful practical analysis, therefore, is that carried out on site:
Visual analysis. A sample of the original mortar should be chased from the building, looked at and
handled. An idea of the probable proportion of lime to sand may be gained in this way. Grains of sand
will be visible, and their size and colours be provisionally assessed. Most lime mortars will break
relatively easily; they may usually be crushed between your fingers. Crushing a sample in this way will
allow an assessment of the relative hardness of the mortar, and to estimate from this the kind of lime
that may have been used: non-hydraulic or hydraulic. Brick dust may be visible, which will indicate the
use of pozzalans to give a non-hydraulic lime a measure of hydraulic set. The presence of significant
small lumps of lime may indicate that the mortar was a ‘hot-lime’ mortar, meaning that it was made by
slaking quick-lime directly into wet sand. This was a much more common practice historically than has
been understood until recently, especially when limestone was quarried and burned locally. There is
strong evidence that this practice produced a stronger and more durable mortar than would have been

the case with ‘cold-mixing’ of the same lime, as well as an improved bond between the mortar and
individual masonry units.
Local research. A little local knowledge goes a long way. What is the local geology? Where was the
nearest source of limestone at the time the building was constructed? Is there evidence that this was
burned, either commercially or by individuals for their own use? Do any lime-kilns survive locally?
(Remember, an improvised, single-use lime-kiln was easily made, and frequently was, for a particular
project). If limestone was available locally, it will almost certainly have been burned. There were many
uses for slaked lime beyond the needs of the building trade. If possible find out how pure the local
limestone is. If it is comprised mainly of calcium carbonate (if ‘pure’), then it will produce a nonhydraulic lime, which may or may not have had a pozzalan such as brick-dust added to strengthen its
set. If it is less than pure and contains clay, then it is likely that it will produce a naturally hydraulic lime
when burned, which will have some chemical set.
Find out which sands are available locally. Are they mined in the area or imported from distance. It is
usually the case that a quarry operating in the last 100-200 years remains open and that similar sands as
those used used in the building will remain available. They may not be identical; the deposits may vary.
They are likely to have similar properties and will likely form the basis of any new mortar.
Acid Test. Taking a quantity of the original mortar, break it down to a dust. Do not crush it mechanically.
Putting it in a glass container, add a quantity of hydrochloric acid (available as ‘muriatic’ acid in the US, a
brick-cleaning compound), being careful not to breathe the gas that will be generated or to spill acid
onto the skin. The acid will burn off the calcium carbonate/lime content of the mortar, leaving behind
the sand and brick dust, if there is any. (Note: it will also burn off any limestone dust/aggregate present.
The addition of stone-dust was common in England during the medieval period; it is much less common
in the USA, in my experience). This will allow comparison of the original sand with locally available sands
for the purposes of matching. If the sample is of a given and measurable quantity, it will be possible to
estimate the proportion of binder to aggregate.
Void Tests. The minimum proportion of binder to aggregate will vary according to the sand. All sand for
use with lime mortars should be sharp and well-graded, from fine to coarse. The minimum amount of
lime to sand for the success of the mortar is that amount required to cover each grain of aggregate with
binder. The easiest way to estimate the minimum proportion is to place a sample of dry sand in a
measuring cylinder and to slowly add water to this, until the water reaches the top of the sand sample.
The water content as a proportion of the sand is equivalent to the amount of lime that would be
necessary to coat each grain of aggregate.
This may not be the same proportion as used in the original mortar. Historic mortars tend to be richer in
lime than the minimum required technically. Strict mortar-matching may require a richer mix. However,
the repair mortar should not be leaner than this, even if the original mortar was.
Test Panels. The likely aggregate, kind of lime (and its method of use), the probable proportion of
lime:sand in the original mortar, as well as the minimum proportion necessary for the sand having been
arrived at, a number of mortar samples should be trialed in situ. These will be based upon your
conclusions and observations, as well as upon available materials. The samples should be placed close to
one another and, if at all possible, in the vicinity of some surviving original mortar. If an identical sand
has been found, the samples will likely be variations in lime content: a 1:2; 1:2.5; 1:2.75; 1:3, for
example. Where a mixture of sands is being used to try to reproduce characteristics of an unavailable
sand, the sample mortars may have to be more varied and complex. It is essential that a ‘map’ of the
various recipes is made for reference. The samples should be looked after and cured exactly as they

would be during normal work. When cured, they may be compared and the merits of each assessed by
comparison with the original.
An alternative method is to make mortar ‘biscuits’ (mortar cookies, US), which may be held up against
original material for comparison.
Using these practical and accessible methods, it should be possible to design a suitable mortar of
historical accuracy, relative authenticity and compatibility. It should be noted, however, that lime
mortars continue to strengthen and to cure over long periods of time. The strength development after
even 28 days will be only a fraction of that development over 365 days. This means that it will be
impractical to compare the relative strength of proposed repair mortars with those of the original at this
stage or in most real-world situations. It is essential, therefore, that the typical performance of the
chosen lime (which will almost inevitably be the least authentic ingredient of the mortar) is well
understood. Such information is generally available (see references below).
COMPATIBILITY OF OLD AND NEW MORTARS

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 hydrated 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, 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
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.
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 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, but is
available from Singleton Birch. 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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