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Abstract:  Matching Historic Renders Using Locally Available Materials:  

The Art and the Science. A Conservators Approach. 
By John Greenwalt Lee, Materials Conservator and Craftsman 

 
 
Presented as a case study of the year-long conservation of an 1836-1889 Greek Revival home 
in southern Georgia, USA, the author describes an approach used to analyze and replicate 
several historic renders. 
 
The replication of these renders is one part of a larger conservation process that includes 
documenting the building’s construction history, mapping deterioration and determining the 
underlying causes. Before replica stucco can be applied, poor quality repairs are removed, 
masonry realigned then grouted in place and pointed, salt-removing poultices applied, 
bicarbonate solutions used to stabilize friable areas of original renders, and loose but sound 
stucco sections reattached. 
 
From the first day on site, analysis of the original renders and the search for exactly matching 
local aggregates and clays begins. Soil samples are gathered, washed to varying degrees, 
graded, and mixed with lime into small test batches. After evaluation and continued 
adjustment, ideal matches are obtained.  Before motorized transportation, masonry 
construction products were usually local.  Invisible matches can only be achieved by 
replicating the earlier materials and techniques. 
 
Once application begins, the conservation team works to understand the particular working 
properties the local fines and clays impart and develop sequences of tooling methods for each 
construction era and weathering elevation.  Methods of mixing, aging, and pre-wetting the dry 
substrate are developed to ensure shrinkage is overcome and good substrate-to-mortar and 
original-to-new stucco bonds are made. Once the replica stuccos have begun carbonating, the 
new patches are blended into the surrounding colored limewash palette and “aged” to 
complement the building’s 150 years of patina.  
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1 Introduction 
Making mortars and renders that match the original requires more than matching color and tooling.  
When patching an historic floor, it would never occur to us to use anything other than aged wood of 
the original species with matching grain and cut, and yet the same philosophy rarely holds true for 
masonry repairs.  Most mortar analyses are performed in a manner that provides a general 
characterization of the mortar followed by a replica formulation that bares little or no resemblance to 
the original, choosing instead to use S-type lime, portland cement, a sand of some general color and 
generally relying for the color-match on the addition of pigments.  But what’s wrong with that? 
 
Matching is not just an aesthetic goal.  More importantly a match should provide functional 
compatibility.  With greater material compatibility the infill mortar will both aesthetically match over 
time and, if applied properly, have the same durability as the surrounding original materials that 
remain. The closer the repair materials match the historic materials, the greater the chances that our 
repair will be compatible with and as durable as the surrounding historic material.  Changing materials, 
like using a portland cement-based or polymer-modified material or even different aggregate, can 
change the thermal expansion, adhesion, cohesion, water transmission, hardness, flexibility, and other 
characteristics of the mortar or render.  These will significantly affect the way the material ages, 
weathers, and works with the rest of the building. 
 
The process of accurately matching historic renders begins with analysis.  The goal of this initial 
analysis is to gain a comprehensive understanding of the building as a whole and determine the 
construction sequence. Once the construction chronology is understood, remaining original elements 
can be differentiated from additions, alterations and repairs. Another function of this preliminary 
analysis is identification of failure mechanisms: are they due to materials, workmanship, construction 
detailing, inadequate maintenance or inappropriate repairs, or direct damage.  
 
Once the building and its problems are better understood, render repairs can proceed as follows: 

1. Repairing damaged substrate 
2. Analysis of original render 

• Composition of the historic materials to be repaired 
• Location of materials available for use in the repairs 

3. Application and tooling methods developed 
4. Surface manipulation to match weathering, soiling, and deteriorated finishes  
 

Our work on a private home in Georgia that has been in the same family for seven generations 
provides a case study of these materials and principles at work. This residence began as an 1836 Greek 
Revival temple form house with four columns across the façade, growing in 1845 with side wings 
before acquiring a Second Empire mansard roof and kitchen wing in the 1890s.   It was constructed of 
brick with stucco1 scored to resemble limestone blocks and then limewashed.  As a result of deferred 
maintenance, large areas of stucco were severely deteriorated.  In normal practice, all areas of loose 
and significantly eroded or soft stucco are cut out and replaced. This would have left the building with 
something approaching 40% original materials down from the 85-90% remaining when the project 
started.    

                                                
1  Render is a generic exterior surface mortar or plastering, while stucco properly refers to render that is given a refined finish, as with the tooling to simulate limestone 

blocks used on this home.  Europeans make the render versus stucco distinction more often than Americans.  They will be treated as synonymous terms for this article. 
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2 Theory Behind the Practice: Why We Do What We Do 
The goal of conservation is to save all original materials. Historic materials and the information about 
the past they embody are lost forever when these materials are replaced.  However, many people – 
even those in the restoration business – believe it is impractical to save compromised historic fabric. 
My experience as a preservation craftsman and architectural conservator over three decades has proven 
time and again that by understanding the methods of early construction, the reasons for failure, and the 
chemistry and physics that hold the building together, it becomes possible to save most original 
materials and replicate missing pieces in compatible materials.   All things considered, this is also the 
most economical approach.  
 
False economy often guides repairs to historic buildings.  The understandable desire to have buildings 
look nice and get the work done within budget and “on time,” consistently leads to superficial 
replacement with materials that at quick glance look like the originals.  Yet incompatible repairs or 
cosmetic treatments that make things look good but do not address the causes of failure generally lead 
to continuing or worsening failures that must be removed and reworked in a few years time.  In the 
interim, more original materials have been damaged and replaced.  Frequently areas that are 
weathering differentially are “evened out,” with more or all of the original pointing or render replaced 
so that everything matches.  The expense in labor, materials, and loss of historic fabric resulting from 
this additional round of repairs makes getting it right the first time the cheaper approach by far.  
 
Before repair or replication can begin, we need to diagnose all of the patient’s symptoms.  Each project 
must begin with “above-ground archaeology” or building forensics to understand the construction and 
repair sequence, the original materials used, and to assess how modifications to the building have 
affected the overall function of the building.  It is important to review the maintenance history and 
understand the chemistry of the repair materials used in order to assess if the render is failing due to 
binder loss from acid rain or acid produced by overhanging trees, because the use of paints or finishes 
has trapped water in the stucco for long periods, or because a gutter above has been leaking.   

 
Just as starting projects by analyzing this cause-and-effect relationship should not seem revolutionary, 
there is nothing out of place about using local materials for repairs. Until recently, necessity demanded 
that most structures were built with the most suitable local materials.  Now we have more material 
options, but using materials very similar to the original makes achieving a good match much easier. A 
ready-mix aggregate supplier will not be able to give you any of the fines that provide color, plasticity, 
and a denser pack to original mortars.  And finding those aggregates on site or surrounding lands is 
much simpler than searching commercial aggregate suppliers for a match or trying to get a color match 
from pigments that in a few years time will weather very differently from the original.   
 
From my very first mortar project at Holly Hill in 1983, I learned to walk out into the surrounding 
fields and creek beds to look for aggregates that match those in the mortar.  These site-specific 
aggregates affect the appearance and function of all the mortars in a building; structural, protective and 
aesthetic.   Before we can begin to discuss stucco replication, it is important to review the process of 
preparing the damaged masonry substrate. 
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3 Preparation of the Building for Stucco Application 
 

• Calcium bicarbonate reconstitution of stucco  
• Mortar removal and pointing with appropriate mortars, include packing joints 
• Realignment of masonry units  
• Lime grouting 
• Readhering loose stucco pieces with lime “adhesive” 

 

3.1 Calcium bicarbonate reconstitution of stucco 
Reverse osmosis filtered water and small particle size calcium hydroxide (lime putty) are put into a 
pressurized tank and infused with carbon dioxide gas to create a super-saturated calcium bicarbonate 
solution.  Sprayed onto friable lime stucco, the calcium bicarbonate is absorbed into the interior pore 
spaces where it crystallizes into calcium carbonate, nucleating on existing crystals.  Crush tests on two-
inch 1:11 lime:sand cubes after twenty bicarbonate treatments exhibit a 50% increase in strength.   
This is a simple method for preserving renders weakened over time by loss of the lime binder and that 
might otherwise be removed, leading to a significant loss of original material.   
 

3.2 Mortar removal and pointing with appropriate mortars 
Mortar is the cushion between masonry units.  It should be the sacrificial material if the building is 
under stress, not the masonry units themselves.  As a result it needs to be softer, more porous, and 
more flexible than the masonry units. Removal of deteriorated lime mortar with anything more 
aggressive than chisel and hammer, a hand-held saw blade, or a carbide grit bladed reciprocating saw 
(sawzall) is unwise.  Using a reciprocating saw requires some care, but unlike the standard use of 
grinders in masonry restoration, it is difficult to shave and reshape whole courses of brickwork to 
create wider joints.  Since lime mortar is relatively soft, aggressive methods are not necessary.  Even 
when removing portland pointing up to about an inch deep, the reciprocating saw remains the most 
aggressive method needed.   Mortar joints must be cleaned to at least half an inch or to a depth twice 
the height of the joint and squared at the back edge.  
 
Mortar joints should be wet directly with a garden type sprayer with a narrow jet of water, endeavoring 
to keep the brick faces dry.  The joints should be damp, but not have standing water.    In all lime 
mortar applications, it is vital that the substrate is well dampened and the mortar as dry as possible 
while remaining workable.  In Gerard Lynch’s book Brickwork, he refers to an 18th century French 
proverb that instructs “only the sweat of the masons brow should be added to the mortar.”  This 
relationship is in sharp contrast to the dry substrate to sloppy wet mortar ratio that is common in many 
portland cement-based applications and can be difficult for regular masons to understand. Well-beaten 
mortar can be smoothed out on a trowel or hawk to the width of the mortar joint, and quickly scooped 
up and lifted into the joint with a pointing tool.  Modern pointing tools rarely match the width of the 
joints of historic brickwork, and so must be ground to fit.  Having the right sized tool and lifting mortar 
of the right depth directly into the joints eliminates nearly all clean up. Lime mortars are very 
susceptible to acid, so making a huge mess while pointing and planning to clean up with acids 
afterward is unacceptable.  Remember a good mason may not be a good restoration mason any more 
than a skilled painter will necessarily make a good art conservator.   
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Conditions vary but a general rule would be to lay the pointing mortar in by two lifts, allowing a few 
hours for water loss.  After each lift, the mortar should be compacted with the aid of a wood wedge and 
hammer tapping the joints to ensure they are densely packed.  During construction this compression 
would have occurred as each course was pressed into place and increasing weight placed above it. For 
the most durable joints it is important to replicate this packing process. 
 

3.3 Realignment of masonry units 
Where masonry has sagged, bowed or leaned out of plane, the mortar is carefully cut out using hand 
tools or a sawzall with carbide blades.   As joints are opened the masonry units are held in place by 
wooden wedges.  Sound masonry above can be temporarily supported by steel angle spanning across 
and above the target area, or in some cases steel bars are needled through a mortar joint and supported 
on both ends.  By pushing in and pulling out on the wedges, the correct spacing between masonry units 
is achieved and force directed against these units pushes them back into plane.  Slow, steady force such 
as jacking or levering is better than impact like beating.  A large capacity, two-quart grout gun is used 
to pump a lime-aggregate mortar into internal voids and the back of joints.  The wedges are removed 
and the voids grouted.  The joints are then pointed with an appropriate lime mortar.  
 

3.4 Lime grouting 
Depending on the project, we sometimes add zeeospheres (micron-range, graduated size ceramic balls) 
to facilitate the “flow” of mortar.  In most cases a maximum 100-psi hydraulic grout gun can be used 
to pump the mortar mix thinned with water by about 15%.  Fine and round rather than sharp aggregate 
will flow better.  Five to ten percent pozzolans can be added to facilitate the initial set.  Our desire for 
job-specific control over the mortar constituents and cure rate has lead us to choose pozzolans over 
natural hydraulic cements.  The properties of natural hydraulic cements are prone to change depending 
on the geologic deposits being mined.  While there are many high-temperature products that can be 
used as pozzolans, such as fly ash, there is a risk of introducing unknown and unwanted chemical 
compounds.  Where required, we use a predictably consistent kaolinite clay pozzolan.  However, our 
switch to highly reactive limes has nearly eliminated the pozzolans requirement. 
 

3.5 Refastening loose render with lime “adhesive” 
When the render is sound but delaminating from its substrate, we carefully remove the pieces, clean 
them and the substrate, and reduce the thickness of the back of the render pieces slightly to make room 
for the lime adhesive.  Thinned adhesive brush-applied to the render and the substrate facilitates both 
suction and bond.  In some locations, it is necessary to temporarily stabilize large delaminated areas by 
bonding cheesecloth to the face with a latex molding material.  This allows the entire loose area to be 
lifted off in one piece and set aside on a flat work surface.  Sometimes individual pieces are removed 
and set in the adhesive one after the other; in other instances the whole field can be reset at once. 
 
On this project the adhesive was made from lime putty, finely sieved sand (passing 30 or 50 mesh), 
and a small amount of pozzolan.  The adhesive was spread on the back of the piece about 1/8th inch 
thick or more depending on the surface irregularities of the substrate.  Each piece was pressed into 
place, sometimes needing applied pressure for a day or two, sometimes not.  In cases where pressure is 
necessary, the mechanism needs to be worked out in advance.  There are many ways of applying 
pressure including band clamps, sandbags on ledges leaned against the area, dowels set into the mortar 
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joints to support from below, or to borrow a term from musical instrument making, using “go bars” 
where thin flexible dowels or sticks are sprung between the setting piece and a parallel surface to 
provide pressure until the adhesive cures.  Adjacent areas where the render is missing can usually be 
troweled within two days of readhering these loose pieces. 
 

4 Analyzing Existing Render 
There’s nothing new about using local materials.  Until recently, transportation dictated that most 
buildings were built with the most suitable local materials.  Since Vitruvius 2000 years ago, the 
preference of clean, sharp, washed sand for mortar making has been well known.   It is likely that all 
masons have strived for this – with varying degrees of success.   In many areas, sharp sand was not 
available and well-rounded sand was used.  In other areas, there was no quartz sand available and 
therefore clay and other alluvium were used.  In these areas, the plasters, renders, and mortars often 
look like mud even when the lime content is high.   
 

4.1 Learning from the Past 
Looking at 250-year-old buildings with materials that remain quite sound, we recognize the masons 
knew what they were doing and that local materials can perform very well over centuries.  Like us, 
they learned what worked through trial and error.  Local builders learned how to prepare less-than-
ideal materials to meet their needs or how to design building features to accommodate their 
surroundings.  What we see in surviving historic buildings are successful solutions to working with 
local materials. The buildings embody the skills and talents and intents of the original builders, and it 
is up to us to learn from them, to pay attention, and unlock the secrets. 
 
Often, mortar analyses are nothing more than general characterizations of the mortars disconnected 
from the recommended repair formulas.  Rather than specify matching aggregates, binders and silts 
identified in these analyses, the recommended mixes use some generic colored sand, hydrated lime, 
portland cement and commercial pigments.  Instead our goal is to find a remaining deposit of the 
original sand used in construction, clean it to the same extent as the original builders, and discover the 
same application procedures they used in order to achieve similar tooled surfaces that weather at a rate 
equal to the historic renders.  In rare occasions, when we cannot find a matching local sand, we have 
found that we can usually locate several similar sands or worst case, purchase sands from a number of 
commercial aggregate suppliers, and usually by sieving, sorting and recombining, we can produce an 
aggregate that has a similar mineral, color and particle distribution range. 
 

4.2 Field Investigation 
The team studies the building identifying the earliest parts, the additions and the repairs. Mortars and 
renders are examined by eye and the general characteristics recorded. Small samples are taken for 
examination right there in the field by l0x loupe, noting the colors, unusual characteristics such as 
inclusions of shell, clay, charcoal, or odd aggregates.   This information is used to understand the 
general sequence of building to the point where we can recognize each material by eye and place it in 
the building sequence.  At this point, I collect larger samples of the important renders as well as the 
lime mortar between the bricks for study. 
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Bill Forsythe, an Annapolis mason of four decades, taught me to place a small amount of crushed 
mortar in a straight-sided and stoppered vial filled with water, shake it, and then let the minerals settle. 
The first time I saw this I was not very impressed. It was too simple. But with more experience I came 
to realize it is a very quick way to begin getting information you need to match the render. The sand, 
lime and silts quickly sort out into bands showing the range of aggregates at the bottom, with a layer of 
light-colored lime above, and then one or more bands of colored silts on top. Although not as precise 
as laboratory methods, the thickness of bands corresponds nicely to the proportions of aggregate and 
lime that result from a mortar analysis and the influence of silts, aggregate colors and mineral types on 
overall color becomes apparent.  With just this much information, you can begin to identify promising 
local sources of aggregate.  
 
Continuing our analysis, we disaggregate the mortar enough to sieve. When there appear to be 
calcareous inclusions distinct from the lime binder, we sieve the disaggregated mortar and note the 
weight retained on each mesh size.  There can be a dramatic shift in particle size distribution after acid 
digestion if calcareous materials are present. When digesting the binder and calcareous aggregates out 
of a mortar with a weak 4% solution of muriatic acid (dilute hydrochloric acid), the fines or silt are 
often altered in color by the acid.  Although I may weigh them and collect the dried powder in a glass 
vial, this is not the final word on color.    
 
In Georgia, we learned that all of the renders had roughly the same aggregate - a mixture of clear and 
milky silica sand with varying amounts of silt.  The 1836 render was a tannish-grey, the 1845 a little 
more grey, and the 1890 was comparatively more ochre. Comparing the renders, sieve analysis showed 
different proportions of the finest and largest aggregate that related nicely to the tooled surface textures 
observed on differing elevations. The range of minerals present and particle size distribution is 
important not only for their contribution to color but also to achieving the final tooled and weathered 
appearance.  A troweled finish is greatly affected by the larger aggregate that is picked up, rolled, and 
crushed into the surface during the float. 
 

5 Available Materials and Matching the Analysis 
Historic buildings are primarily constructed of local materials.  In any geographical area the sands and 
clays in the soil reflect the geological history of the area. By extension, the local historic building stock 
also reflects the regional geologic history in the mortars and renders. The local mortar is in effect a 
regional man-made sandstone.  Using these same aggregates and resident clay fines for replica mortar-
making ensures that patches are materially compatible.   
 
Just having the right ingredients is not enough.  By itself, a list of ingredients is a recipe for failure.  
Combining the parts in the wrong way makes an unusable mess.  Creating a successful product 
requires understanding the implications of mixing, observation of the way water behaves, and the 
effect of temperature at critical moments … impossible to standardize in masonry specifications.  
 
The recipe is just the beginning.  Each building is unique.  Test samples and physical manipulation of 
individual variables at each site are absolutely crucial.  Just as cooking recipes that work perfectly at 
sea level will not work well at high altitudes, it takes trial and error together with empirical knowledge 
to find the appropriate mix and the right application procedures for each project.  
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Clay fines are often left out of replica mortars.  This comes partly from the availability of pre-washed 
commercial masonry sands, but also in large part from the belief that clays in the mortar are either 
unnecessary or even detrimental due to possible expansive and soluble characteristics.  As in so many 
other projects over the years, the fines were the critical ingredient required to achieve color, texture, 
and weathering matches with the original mortars and renders.  
 

5.1 Locating the sand source 
During our initial building assessment we had noted that the silty-sand in the crawlspace under the 
house was a close match in color but lacked much of the silica sand.  Looking back a year later, I 
wonder if this fine grey silt and ultra-fine sand was the discard pile from cleaning the local soil to 
make the original mortar. Because of the aggregate color shift that occurs depending on the amount 
and type of fines present, we prepared both wet and dry samples of the crushed mortar and the washed 
sands and silts so that a close match would not be overlooked.   
 
We began digging test holes on this two-acre in-town property with the assumption that the sand layers 
we wanted would still lie beneath the topsoil.   To our dismay the first foot was the same rich soil with 
lots of organic material and not much evidence of sand before hitting dense red Georgia clay.  Without 
much hope of success, we dumped a bucket of the soil on a wire screen frame made of 1/4 inch 
hardware cloth over a deep wheelbarrow, pushed the soil through, and discarded the twigs, leaves and 
clay balls, before blasting the soil with water until we had half a wheelbarrow of grey green soup. We 
let it settle for a minute and then poured off the water. Not much was there except a dark sludge. We 
repeated this washing several more times until we began to see fine grey sand swirled in the dark mud. 
Looking at it through a 14X loupe we could see fine clear silica sand. We washed several more times 
and then put some in a metal bucket and set it to dry. Because it resembled some of our wet samples, 
we decided to make some quick mortar patties.  We set these quick samples on dampened bricks to dry 
and carbonate enough overnight that by the next morning we could see where they were headed color-
wise.  The hue was reddish tan and nothing like any of our render samples.   
 
We returned to washing the soil and at about seven washings the rinse water began to shift from an 
impenetrable soup to a translucent grey brown. The volume of sand retained after rinsing at this point 
was approximately 1/8th of the original soil. We continued making sample batches of mortar after 
every other washing so that within a few days we had dozens of both wet and dry mortar samples.  We 
standardized the washing process so the results would be repeatable once we found our matches.  
 

5.2 Sand Preparations 
Over the years, I have built a wide variety of sand-washing apparatus  some based on descriptions I 
have read about from old texts and even some wood cuts of masons working that included cascading 
wood flumes and various catch basins and overflow tanks – but these days I typically wash using 
quarter-inch screen over a wheelbarrow.   By laying finer mesh screen over this quarter-inch cloth, I 
can further sieve the sand as needed.  
 
We eventually divined the correct number of washings necessary to match the aggregates in our 1836, 
1845 and 1889 renders, as well as the different pointing mortars.  We made a larger batch of each 
mortar and dried them for a few days before curing them a few hours in a CO2 atmosphere. They were 
quite strong and did not swell or crumble when placed in a dish of water, so we felt we were headed in 
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the right direction.  We scaled up the sand rinsing to produce 50-100 gallons of each washed sand over 
about ten days, and then spread them out to dry.  
 

5.3 Analyzing the aggregate-binder ratio 

We weighed, digested, dried, sieved, and re-weighed the original render samples to estimate the 
binder-to-aggregate ratio. We also evaluated the open space in our sand to gauge an ideal binder 
content by placing dry sand in a graduated glass beaker and vibrating it until we had exactly 100ml of 
densely packed aggregate.   Then we slowly added 200-proof isopropyl alcohol from another 
graduated beaker until the alcohol had filled all of the spaces between the aggregate particles and 
appeared at the top of the sand. Unlike water, IPA does not swell the sand, so an approximate 
determination of the void space is possible. The result was a 4.5:1 aggregate:lime volumetric mix. 
 
While this mortar analysis, research, and testing was under way, conservation work had been ongoing 
to remove poor-quality repairs and portland mortars, realign dislocated masonry and sagging jack 
arches, and reset the straightened masonry using injected lime grouts.   Some of our replicated mortar 
was now put to work in pointing mortars.   It was time to begin working out the application and tooling 
procedures for the render.   
 

6 Application of Renders 
During our mortar-matching phase, we had stuck small blobs of promising mortar next to original 
renders at several locations on the building to gauge color in place, but we had not troweled the 
material.  When we first applied our replica render to a larger patch, we were shocked to find it would 
neither stick to the trowel or the building very well.  Almost immediately it began to crack and curl 
away at the edges. We had pre-wet the surfaces, but in vain we now wet them more thinking the 
problem was inadequate moisture in the substrate and surrounding stucco. 
 
Probably the most common cause of render failure is the lack of attention paid to wetting of the 
masonry. Too wet and it is difficult to get the suction necessary to create an intimate cementitious 
bond; too dry and the masonry suction pulls water out of the mortar so fast it breaks the mortar-
masonry bond and shrinkage occurs. Stone is generally less porous than brick and tends to be less of a 
problem.  For more than fifty years, the masonry industry has promoted the use of additives such as 
bonding agents to make masonry work easier with less application experience.  Many masons no 
longer are trained in how to adjust for suction while they work.  Unfortunately, these additives and 
commercial products often create problems within a few years and are no substitute for the experience 
and skill required to repair renders properly.  This water deprivation in the substrate did not appear to 
be the problem in this instance, but we were sure it was related to water in some fashion. We needed to 
figure out what was missing in our application procedure. 
 

6.1 Clay Chemistry 
We have a lot of experience with lime mortars, renders, and limewashes on all types of buildings and 
use a very high quality lime putty, so we can usually identify and adjust for local conditions. We 
concluded that unfamiliar local clays in the soil were the source of our troubles. With the project 
falling behind and cold weather on the way, we debated substituting with iron oxide pigments. Instead, 
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I called Frank Ettensohn, a geologist at the University of Kentucky I had met a few years earlier and 
told him of our troubles. He suspected our fines were zeolitic and would continue to absorb significant 
amounts of water for some time.  Additionally, he said there would be a lot of ionic reactions occurring 
between the high pH calcium hydroxide and the electrically unstable molecules in the clay. He 
suggested we allow the lime-sand-clay mixes to sit with adequate water for up to a month, after which 
time they should work well. Our first batch was just over three weeks old at this point, and when we 
tried applying it as a render again we were amazed how well it tooled and adhered. 
 
We harled the first coat of render.  This method is quick, bonds better than any other and produces a 
rough surface with just the right “tooth” for applying subsequent lime render.  Harling is an ancient 
technique where the render is thinned with water to a soupy consistency, scooped up on a curved 
trowel and thrown against the masonry with considerable force to create a cratered surface. The result 
is an even 1/8-1/4” thick rough surface that bonds well to the substrate, cures rapidly and really holds 
the first troweled coat of render. We use this method on masonry walls and as the first coat on 
strawbale and cob structures.  
 
Because we were infilling many irregularly shaped areas of missing render, we masked off the adjacent 
limewashed surfaces with plastic and tape. As the project progressed, we refined the messy harling 
process for use in small patch areas within a larger wall by “pouncing” or daubing the render on with 
considerable force.  We also began preparing the masonry surface both with water and a very thin 
slurry of brushed-on render. 
 
We completed the first patch over a few days learning more about the tooling and the time needed 
between coats. Now way behind schedule and with winter upon us, we needed to prepare a lot of 
render and set it aside to age for weeks. As we continued washing and drying sand, we also began 
mixing some of the silt and sand run-off directly into lime putty to accelerate the clay-hydroxide 
reaction and cut about a week off our wait time.  About this same time our lime supplier gave us a new 
lime putty to try and we found it to be superior for our purposes, cutting down the aging time still 
further to a week. 
  
Soil Geologist Susan Davis, who has helped us locate appropriate sand deposits in the past, said the 
clay sounded like an attapulgite, but we should have it tested.  Tests by Haydn Murray at Indiana State 
showed the soil was comprised of about 70% quartz, 25% palygorskite (attapulgite) and 5% smecktite.  
Susan said that an attapulgite has needle-shaped crystals, rather than the plate-like crystals of a 
kaolinite and that with considerable surface area, it should be able to absorb large amounts of water.  
She wrote: “I imagine that by mixing such a mineral with lime mortar and letting it sit awhile might 
allow it to change in adsorption equilibrium, significantly effecting its rheological properties.  Your 
nicely behaved high-quality lime putty may have particle size properties and/or ionic saturation that 
enables it to get to the desired consistency rapidly, whereas the putty that had to sit for weeks may be 
rearranging ions on the exchange surfaces during that time.  The attapulgite may be part of the 
plasticity of the putty.  A natural soil right out of the ground in Georgia is going to have a very 
different pore-water solution with virtually no calcium, unless it has been in agriculture or a lawn for 
years.  It would probably take some time for this high-surface area clay that can hold a lot of water 
within its crystalline structure (those fibers) to come to equilibrium with a lime mortar solution, and 
therefore obtain the physical properties typical of the higher pH suspension.  I am sort of surprised at 
the presence of smectite in a building material, due to its notorious high shrink swell property.  But I 
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am not surprised that the putty would have rather dynamic and unusual characteristics due to the 
fibrous, porous and zeolitic nature of the attapulgite.  I was just reading that palygorskite is not very 
stable in normal surface conditions and weathers to smectite in conditions where rainfall exceeds 11 
inches.  Aging and natural mineral transformations might account for the smectite in the sample.  Are 
there hot springs around where the clay would have been found originally?”  Yes, this project was a 
twenty-minute drive from Warm Springs, Georgia, near Roosevelt’s “Little White House.” 
 

6.2 Working with Lime Putty 
Ten years ago I stopped using bagged hydrate and began buying calcium oxide (quicklime or “lump 
lime”).  I thought the only way I could make good lime mortar was to slake the oxide myself.  I 
enjoyed this work and read everything I could find on lime mortar, renders and plasters, including old 
texts, and recent ones by the Ashursts.  Continuing my reading and asking questions, the ubiquitous 
use of lime in society became more apparent.  I learned that lime plays a role in almost every industry 
with each application requiring a specific lime product – some from the carbonate state, others the 
oxide or hydroxide form, and each allowing or requiring different percentages of calcium versus 
magnesium and mineral impurities.  Just as sugar has different phases within the same chemical 
formula, the results in cooking may be quite different depending on when and in what form it is added.  
Even if they were chemically quite pure or already in a liquid calcium hydroxide form that resembles 
lime putty, I came to understand most of these forms of lime were unsuitable for making high quality 
lime-sand mortars. The question for me then became “What are the properties that make a good lime 
for lime mortar?” 
 
The characteristics that are desirable in working with a lime mortar are easy trowel workability 
(plasticity), low shrinkage, and quick setting. These characteristics then should drive the selection of 
lime putty for making lime mortar.  The ideal lime putty has high surface area for reactivity with 
atmospheric CO2, high plasticity, and good water retention.  Although some historic mortars made 
from dolomitic lime have survived, we believe it is important to use a very high-calcium putty since 
magnesium’s slower reactivity does not immediately add to the desirable cementitious qualities of a 
binder and using premium lime putties the right way should reduce destructive interventions in the 
future.  Using a very high purity lime putty provides for a nearly 100% quick-carbonating cementitious 
calcium without deleterious products like sulfur or iron, magnesium that is slow to set, or inert 
materials that do not contribute to the binding capacity of the lime.  A high degree of skill and control 
is necessary to provide consistent calcining (firing without over-burning) and slaking (reintroduction of 
molecular water to the fired lime).   In our work we use a soft-burned, high-calcium lime with a 
surface area of 35m2/g and Emley plasticity over 400. 
 
 
 

6.3 Techniques of Application  
We begin repairs by dressing the edges of the original stucco slightly, squaring them to eliminate a 
weak feathered edge.  Although we sometimes undercut the edges a few degrees, in this case we cut 
them square.  The brick surfaces below, the edge of the original stucco, and at least a foot of 
surrounding stucco were thoroughly dampened to control suction and thereby ensure adequate bond 
and defy hairline cracking.  This wetting needs to be taken very seriously.  Standard statements about 
how much water is needed are not practical.  The application crew needs to watch the surface and how 
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the materials are responding throughout the repair process.  A quick test: an appropriately dampened 
surface will be cooler to the touch.   But seasonal differences – the time of day and angle of the sun, 
how strong the wind is blowing – all affect how rapidly the water evaporates or is drawn into the 
masonry.   Porous masonry that has been dry for a long time will absorb considerable amounts of water 
before it is adequately dampened.  One wetting is never enough.  This condition contrasts sharply with 
the conditions the original stuccoteurs faced because they were applying render to a recently built 
structure that would still have been relatively full of water.  Before we apply render, surfaces need to 
be wet until the water dwells on the surface briefly.  
 
Our renders had been mixed in advance and in most cases stored for several weeks before we began 
applying them.  One of the nicest features of lime mortar is that since it sets only in the presence of 
carbon dioxide, it can be stored indefinitely as long as it remains moist and away from the air.  Better 
yet, the working properties improve the longer it sits.  Before stuccoing, we throw the render back into 
a mixer with bottom feed paddles to get it to a very buttery consistency through beating and not by 
adding more water.  That is not to say a bit of water may not be needed, but the emphasis needs to be 
on mixing.   The difference of working with traditional high-surface area lime putty is that its structure 
can bind up immense amounts of water.   Even when a putty or mortar seems to be quite stiff and could 
be assumed to be drying out, a little beating will normally prove that it still holds plenty of water. 
 
Every aggregate particle in a lime mortar, regardless of size, needs to be fully coated with lime.  The 
ionic bonds that form are a side benefit.  Just as almost any woodworking project can be done with a 
penknife, but having the right tools greatly facilitates getting to the right end product, the right tools 
make all the difference in mixing mortar.  Standard mixers take forever to mix the heavier and denser 
lime putty and require inappropriate amounts of extra water.  A bottom-mounted motor with blades 
closely pressing the mortar into the sides, as opposed to mixing by lifting the mortar will give a 
thorough and faster mix.  Since the goal is to ensure that every particle of aggregate is fully coated, but 
none of the aggregate is held apart with excess lime, more is better when it comes to mixing.  We have 
not found a point at which it is mixed too much.   
 
The render is troweled on and pressed firmly.  Again compaction is a key ingredient to ensuring good 
bond without cracking.  For discrete areas of infill stucco, it is often easier to use a small margin 
trowel.  This allows the mortar to be applied in small, easy to compact amounts, starting from a couple 
of inches inside the edge of the patch and pressing the render into the squared off edges of the original 
stucco.  Depending on the stucco thickness and ambient conditions, it may be best to apply the stucco 
in several lifts over a 24 hour period, allowing for an initial set or firming up of the mortar, but not 
complete drying or carbonation.  The last lift of mortar should get its final finish with the assistance of 
raking light using a wooden screed to extend the surface undulations of the original stucco through the 
patch naturally.  Without using raking light, the first glancing sunrise will show up the most alarming 
imperfections in an otherwise perfect stucco job.  Again, the final finish work on a stucco patch is 
accomplished using a wood float and considerable pressure to continue compacting the mortar as free 
water is drawn out. 
 
This tooling process is both simple and complex at the same time.  It requires an accurate observation 
of key surface characteristics and some trial and error to determine the sequence, duration and timing  - 
when to carry out different techniques as the render density, hardness and water content change.  At 
the same time, it needs a light touch with some spontaneity.  Although the wood float is necessary for 
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compaction, in order to expose some of the surface aggregate, and to replicate the arc of the original 
plasterers’ tooling, it is important to know when to stop.  It is helpful to have more than one set of eyes 
during this process, or at the least to regularly step back from the patch and assess the larger effect.  
Nothing grabs the eye faster and highlights a patch more than having a different surface texture or one 
that rotates in a different sweep from the original. 
 

6.4 Applying Limewash 
Limewash is a thinned version of lime putty.  How much it should be thinned depends on the desired 
finish effect.  Limewash can be sprayed to gain color without texture, rolled for an unusual and slightly 
raised texture, thinly brush-applied so that it will lie down smoothly, brushed thickly to maintain the 
brushstroke appearance, or applied with crumpled rags to achieve a patchy weathered effect.   The ratio 
for limewash should be about 60-70% water to putty by volume.   
 
Historically, additives such as linseed oil, cactus juice, and even blood have gone into limewash to 
increase its durability, decrease chalking, and improve the water-shedding characteristics.  In the case 
of proteins, this creates a cross-linked material similar to the process for making casein that is in some 
ways much tougher to dissolve.  After several years of adding raw linseed oil to my limewashes, I 
concluded that the need for these additives disappears when using highly reactive limes.  For several 
years now I have been using unadulterated limewash.   Even with a considerable pigment load, there is 
no chalking after carbonation is complete at about 24-36 hours.  Again, this will not be true if the 
substrate is too dry at application or the limewash is immediately starved of all its water.  But, just as 
with mortar additives, I believe limewash additives are only useful when one is forced to “make do” 
with less-than-ideal materials. The only value I can see to adding a linseed oil in some instances is that 
it saponifies in the high pH to create a soapy effect that may improve the working properties in select 
applications.  A good limewash is a beautiful, durable, antiseptic finish that should provide opacity in 
one or two coats and not require reapplication for at least seven to ten years.   
 
When tinting limewash, it is important to recognize that lime putty as calcium hydroxide is highly 
alkaline with a pH of about 12.  Skin, eyes and aluminum should be protected and some care in 
choosing pigments will be necessary.  Not every pigment will remain stable in a high pH solution.  As 
a class, natural iron oxide pigments are the only group that is assured of maintaining its color even 
when stored for long periods in the hydroxide state.  To achieve consistency of color, the pigment 
should be fully wet with water separately before being added to the limewash.  

6.5 Patination: weathering and ageing the surface 
In a case like Georgia where discreet stucco patches must be finessed into a larger wall patinated with 
many shades of limewash, the matching process is quite involved and a variety of techniques are 
necessary to achieve the same weathered appearance.  Wetting the wall considerably over several days, 
then tapping a nearly dry brush with just the tips holding a bit of limewash is often the best way to 
replicate the effect of aged limewash where the main color is down in the cracks, crevices and valleys 
but worn away at the surface.  In some areas the finish is achieved by applying limewash thickly, 
followed quickly by washing lower areas away.   A bit of vinegar or citrus juice applied as a mild acid 
on cured limewash can be used to effectively etch some surfaces without damaging the stucco, 
especially when rinsed quickly with water.  And sometimes a standard brick rub stone quickly moved 
across the limewashed surface will give the right wear patterns.   
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Probably the most important ingredient in the tooling, weathering, and limewash patination phase is 
someone who can act as an artistic director to stand back while the work proceeds and provide 
commentary on the overall effect: orchestrating where to add more color, in what order to layer the 
colors and from which direction and with what implement … someone who knows when to say stop.  
Working by yourself it is all too easy to get caught up in the work area a foot in front of you while 
missing its integration or disappearance into the larger wall.  
 

7 Conclusion: 
Matching is not just an aesthetic goal.  A successful match provides complete visual, chemical, and 
mechanical compatibility so repairs function and age in the same way as the historic renders. 
Aggregates affect the appearance and function of all building mortars.  Locating aggregates from the 
site and washing them to the same degree is key to mortar and render matching.  
 
It is important to select lime putties that achieve the most desirable working and setting properties.  
High surface area lime allows for quick reactivity with atmospheric CO2 to achieve optimum setting 
and carbonation and contributes to pleasant working characteristics of high plasticity and ease of 
troweling, as well as good water retention.   A high-calcium lime contributes to quick carbonation and 
a more durable mortar.   Maximum calcium content eliminates deleterious products like sulfur or iron, 
magnesium that is slow to set, or inert materials that do not contribute to the binding capacity of the 
lime.  In our work we use a soft-burned, 98+% calcium lime putty with a surface area of 35m2/gram 
and plasticity over 400 Emley. 
 
Probably the most common cause of render failure is the lack of attention paid to wetting the masonry 
adequately. Too wet and it is difficult to get the suction necessary to create an intimate cementitious 
bond; too dry and the masonry suction pulls water out of the mortar so fast it breaks the mortar-
masonry bond and shrinkage occurs.   Seasonal differences – the time of day and angle of the sun, how 
strong the wind is blowing – all effect how rapidly the water evaporates or is drawn into the masonry.  
 
Zeolitic clays, such as the smecktite and attapulgite encountered in Georgia, require advance mortar 
preparation to allow enough time for the calcium hydroxide-clay platelet formation to occur before 
application to the building.   Another desirable attribute of lime mortar is the long-term storage 
capacity.   Soft-burned calcium hydroxide crystals decrease in size over time, increasing plasticity.  
 
Particle size and packing arrangement of aggregates determines the volumetric ratio of aggregate to 
lime.  Since isopropyl alcohol does not swell aggregates, it can be used to roughly measure the void 
space.  The ideal mortar mix has every particle of aggregate fully coated but not held apart with excess 
lime, so mixing must be complete and the appropriate mixer makes all the difference. The structure of 
high-surface area lime putty can bind up a considerable amount of water.  A lime putty or mortar that 
appears stiff will normally “wet” with a little beating.   Tossing it back in the mixer rather than adding 
water is key to good application.   
 
Successfully replicating the surface texture and tooling of surrounding render requires good lighting, 
but the most important ingredient in the tooling, weathering, and limewash patination phase is 
someone who can act as an artistic director to orchestrate where to add more color, in what order, from 
which direction, and with what implement.  
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