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Appendix D

The Secretary of Interior’s
“Standards for
Rehabilitation”
The Secretary of the U.S. Department of the Interior, in response to federal legislation
providing financial incentives to stimulate the revitalization of historic communities,
developed a series of recommendations for the rehabilitation of older structures. These
standards are now commonly used at all governmental levels to determine the
appropriateness of proposed work on historic buildings and provide a sound guide for all
sensitive rehabilitation.
The Standards (Department of Interior Regulations, 36 CFR 67) pertain to historic
buildings of all materials, construction types, sizes, and occupancy and encompass the
exterior and the interior, related landscape features and the building's site and environment
as well as attached, adjacent, or related new construction.

❖ Standards for Rehabilitation
The Secretary of the Interior's Standards for the Treatment of Historic Properties 1995
1. A property will be used as it was historically or be given a new use that requires
minimal change to its distinctive materials, features, spaces, and spatial relationships.
2. The historic character of a property will be retained and preserved. The removal of
distinctive materials or alteration of features, spaces, and spatial relationships that
characterize a property will be avoided.
3. Each property will be recognized as a physical record of its time, place, and use.
Changes that create a false sense of historical development, such as adding conjectural
features or elements from other historic properties, will not be undertaken.
4. Changes to a property that have acquired historic significance in their own right will be
retained and preserved.
5. Distinctive materials, features, finishes, and construction techniques or examples of
craftsmanship that characterize a property will be preserved.
6. Deteriorated historic features will be repaired rather than replaced. Where the severity
of deterioration requires replacement of a distinctive feature, the new feature will match
the old in design, color, texture, and, where possible, materials. Replacement of missing
features will be substantiated by documentary and physical evidence.
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7. Chemical or physical treatments, if appropriate, will be undertaken using the gentlest
means possible. Treatments that cause damage to historic materials will not be used.
8. Archeological resources will be protected and preserved in place. If such resources must
be disturbed, mitigation measures will be undertaken.
9. New additions, exterior alterations, or related new construction will not destroy
historic materials, features, and spatial relationships that characterize the property. The
new work will be differentiated from the old and will be compatible with the historic
materials, features, size, scale, and proportion, and massing to protect the integrity of
the property and its environment.
10. New additions and adjacent or related new construction will be undertaken in such a
manner that, if removed in the future, the essential form and integrity of the historic
property and its environment would be unimpaired.

8-8
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Appendix E

National Park Service
Preservation Briefs
#2: Repointing Mortar Joints in Historic Masonry Buildings
#9: The Repair of Historic Wooden Windows
#10: Exterior Paint Problems on Historic Woodwork
#19: The Repair and Replacement of Historic Wooden Shingle Roofs
#21: Repairing Historic Flat Plaster Walls and Ceilings
#24: Heating, Ventilating and Cooling Historic Buildings
#28: Painting Historic Interiors
Note: The entire collection of Preservation Briefs can be downloaded at:
www.nps.gov/history/hps/tps/briefs/presbhom.htm
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Repointing Mortar Joints in
Historic Masonry Buildings
Robert C. Mack, FAIA, and John P. Speweik

»Historical Background
Identifying the Problem Before Repointing
»Finding an Appropriate Mortar Match
»Properties of Mortar
»Mortar Analysis
»Components of Mortar
»Mortar Type and Mix
»Budgeting and Scheduling
»Contractor Selection
»Execution of the Work
»Visually Examining the Mortar and the Masonry Units
»Summary
»Conclusion
»Selected Reading
A NOTE TO OUR USERS: The web versions of the Preservation Briefs differ somewhat from the printed versions.
Many illustrations are new, captions are simplified, illustrations are typically in color rather than black and white, and
some complex charts have been omitted.

Masonry--brick, stone, terra-cotta, and concrete block--is found on nearly every
historic building. Structures with all-masonry exteriors come to mind immediately, but
most other buildings at least have masonry foundations or chimneys. Although generally
considered "permanent," masonry is subject to deterioration, especially at the mortar
joints. Repointing, also known simply as "pointing"or--somewhat inaccurately--"tuck
pointing"*, is the process of removing deteriorated mortar from the joints of a masonry
wall and replacing it with new mortar. Properly done, repointing restores the visual and
physical integrity of the masonry. Improperly done, repointing not only detracts from the
appearance of the building, but may also cause physical damage to the masonry units
themselves.
The purpose of this Brief is to provide general guidance on appropriate materials and
methods for repointing historic masonry buildings and it is intended to benefit building
owners, architects, and contractors. The Brief should serve as a guide to prepare
specifications for repointing historic masonry buildings. It should also help develop
sensitivity to the particular needs of historic masonry, and to assist historic building
owners in working cooperatively with architects, architectural conservators and historic
preservation consultants, and contractors. Although specifically intended for historic
buildings, the guidance is appropriate for other masonry buildings as well. This
publication updates Preservation Briefs 2: Repointing Mortar Joints in Historic Brick
Buildings to include all types of historic unit masonry. The scope of the earlier Brief has
also been expanded to acknowledge that the many buildings constructed in the first half
of the 20th century are now historic and eligible for listing in the National Register of

Historic Places, and that they may have been originally constructed with portland cement
mortar.
*Tuckpointing technically describes a primarily decorative application of a raised mortar
joint or lime putty joint on top of flush mortar joints.

Historical Background
Mortar consisting primarily of lime and sand has been used as an integral part of
masonry structures for thousands of years. Up until about the mid-19th century, lime or
quicklime (sometimes called lump lime) was delivered to construction sites, where it had
to be slaked, or combined with water. Mixing with water caused it to boil and resulted in
a wet lime putty that was left to mature in a pit or wooden box for several weeks, up to
a year. Traditional mortar was made from lime putty, or slaked lime, combined with local
sand, generally in a ratio of 1 part lime putty to 3 parts sand by volume. Often other
ingredients, such as crushed marine shells (another source of lime), brick dust, clay,
natural cements, pigments, and even animal hair were also added to mortar, but the
basic formulation for lime putty and sand mortar remained unchanged for centuries until
the advent of portland cement or its forerunner, Roman cement, a natural, hydraulic
cement.
Portland cement was patented in Great Britain in 1824. It was named after the stone
from Portland in Dorset which it resembled when hard. This is a fast-curing, hydraulic
cement which hardens under water. Portland cement was first manufactured in the
United States in 1872, although it was imported before this date. But it was not in
common use throughout the country until the early 20th century. Up until the turn of the
century portland cement was considered primarily an additive, or "minor ingredient" to
help accelerate mortar set time. By the 1930s, however, most masons used a mix of
equal parts portland cement and lime putty. Thus, the mortar found in masonry
structures built between 1873 and 1930 can range from pure lime and sand mixes to a
wide variety of lime, portland cement, and sand combinations.
In the 1930s more new mortar products intended to hasten and simplify masons' work
were introduced in the U.S. These included masonry cement, a premixed, bagged
mortar which is a combination of portland cement and ground limestone, and hydrated
lime, machine-slaked lime that eliminated the necessity of slaking quicklime into putty
at the site.

Identifying the Problem Before Repointing
The decision to repoint is most often related to some obvious sign of deterioration, such
as disintegrating mortar, cracks in mortar joints, loose bricks or stones, damp walls, or
damaged plasterwork. It is, however, erroneous to assume that repointing alone will
solve deficiencies that result from other problems. The root cause of the deterioration-leaking roofs or gutters, differential settlement of the building, capillary action causing
rising damp, or extreme weather exposure--should always be dealt with prior to
beginning work.

Without appropriate repairs to eliminate the
source of the problem, mortar deterioration will
continue and any repointing will have been a
waste of time and money.
Use of Consultants. Because there are so
many possible causes for deterioration in
historic buildings, it may be desirable to retain
a consultant, such as a historic architect or
architectural conservator, to analyze the
Masons practice using lime putty mortar to
building. In addition to determining the most
repair historic marble. Photo: NPS files.
appropriate solutions to the problems, a
consultant can prepare specifications which reflect the particular requirements of each
job and can provide oversight of the work in progress. Referrals to preservation
consultants frequently can be obtained from State Historic Preservation Offices, the
American Institute for Conservation of Historic and Artistic Works (AIC), the Association
for Preservation Technology (APT), and local chapters of the American Institute of
Architects (AIA).

Finding an Appropriate Mortar Match
Preliminary research is necessary to ensure that the proposed repointing work is both
physically and visually appropriate to the building. Analysis of unweathered portions of
the historic mortar to which the new mortar will be matched can suggest appropriate
mixes for the repointing mortar so that it will not damage the building because it is
excessively strong or vapor impermeable.

This late 19th century granite has
recently been repointed with the joint
profile and mortar color carefully
matched to the original. Photo: NPS
files.

Examination and analysis of the masonry units-brick, stone or terra cotta--and the techniques used
in the original construction will assist in maintaining
the building's historic appearance. A simple, nontechnical, evaluation of the masonry units and mortar
can provide information concerning the relative
strength and permeability of each--critical factors in
selecting the repointing mortar--while a visual
analysis of the historic mortar can provide the
information necessary for developing the new mortar
mix and application techniques.

Although not crucial to a successful repointing
project, for projects involving properties of special
historic significance, a mortar analysis by a qualified laboratory can be useful by
providing information on the original ingredients. However, there are limitations with
such an analysis, and replacement mortar specifications should not be based solely on
laboratory analysis. Analysis requires interpretation, and there are important factors
which affect the condition and performance of the mortar that cannot be established
through laboratory analysis. These may include: the original water content, rate of
curing, weather conditions during original construction, the method of mixing and
placing the mortar, and the cleanliness and condition of the sand. The most useful
information that can come out of laboratory analysis is the identification of sand by
gradation and color. This allows the color and the texture of the mortar to be matched
with some accuracy because sand is the largest ingredient by volume.

In creating a repointing mortar that is compatible with the masonry units, the objective
is to achieve one that matches the historic mortar as closely as possible, so that the new
material can coexist with the old in a sympathetic, supportive and, if necessary,
sacrificial capacity. The exact physical and chemical properties of the historic mortar are
not of major significance as long as the new mortar conforms to the following criteria:
•

•
•
•

The new mortar must match the historic mortar in color, texture and tooling.
(If a laboratory analysis is undertaken, it may be possible to match the binder
components and their proportions with the historic mortar, if those materials are
available.)
The sand must match the sand in the historic mortar. (The color and texture of
the new mortar will usually fall into place if the sand is matched successfully.)
The new mortar must have greater vapor permeability and be softer
(measured in compressive strength) than the masonry units.
The new mortar must be as vapor permeable and as soft or softer (measured
in compressive strength) than the historic mortar. (Softness or hardness is not
necessarily an indication of permeability; old, hard lime mortars can still retain
high permeability.)

Mortar Analysis
Methods for analyzing mortars can be divided into two broad
categories: wet chemical and instrumental. Many laboratories
that analyze historic mortars use a simple wet-chemical method
called acid digestion, whereby a sample of the mortar is crushed
and then mixed with a dilute acid. The acid dissolves all the
carbonate-containing minerals not only in the binder, but also in
the aggregate (such as oyster shells, coral sands, or other
carbonate-based materials), as well as any other acid-soluble
materials. The sand and fine-grained acid-insoluble material is left
This mortar is the
behind. There are several variations on the simple acid digestion
proper consistency for
test. One involves collecting the carbon dioxide gas given off as the
repointing historic
carbonate is digested by the acid; based on the gas volume the
brick. Photo: John P.
Speweik.
carbnate content of the mortar can be accurately determined
(Jedrzejewska, 1960). Simple acid digestion methods are rapid,
inexpensive, and easy to perform, but the information they provide about the original
composition of a mortar is limited to the color and texture of the sand. The gas collection
method provides more information about the binder than a simple acid digestion test.
Instrumental analysis methods that have been used to evaluate mortars include
polarized light or thin-section microscopy, scanning electron microscopy, atomic
absorption spectroscopy, X-ray diffraction, and differential thermal analysis. All
instrumental methods require not only expensive, specialized equipment, but also
highly-trained experienced analysts. However, instrumental methods can provide much
more information about a mortar. Thin-section microscopy is probably the most
commonly used instrumental method. Examination of thin slices of a mortar in
transmitted light is often used to supplement acid digestion methods, particularly to look
for carbonate-based aggregate. For example, the new ASTM test method, ASTM C 132496 "Test Method for Examination and Analysis of Hardened Mortars" which was designed
specifically for the analysis of modern lime-cement and masonry cement mortars,
combines a complex series of wet chemical analyses with thin-section microscopy.
The drawback of most mortar analysis methods is that mortar samples of known

composition have not been analyzed in order to evaluate the method. Historic mortars
were not prepared to narrowly defined specifications from materials of uniform quality;
they contain a wide array of locally derived materials combined at the discretion of the
mason. While a particular method might be able to accurately determine the original
proportions of a lime-cement-sand mortar prepared from modern materials, the
usefulness of that method for evaluating historic mortars is questionable unless it has
been tested against mortars prepared from materials more commonly used in the past.
Lorraine Schnabel.

Properties of Mortar
Mortars for repointing should be softer or more permeable than the masonry units and
no harder or more impermeable than the historic mortar to prevent damage to the
masonry units. It is a common error to assume that hardness or high strength is a
measure of appropriateness, particularly for lime-based historic mortars. Stresses within
a wall caused by expansion, contraction, moisture migration, or settlement must be
accommodated in some manner; in a masonry wall, these stresses should be relieved by
the mortar rather than by the masonry units. A mortar that is stronger in compressive
strength than the masonry units will not "give," thus causing stresses to be relieved
through the masonry units--resulting in permanent damage to the masonry, such as
cracking and spalling, that cannot be repaired easily.
While stresses can also break the bond between the mortar
and the masonry units, permitting water to penetrate the
resulting hairline cracks, this is easier to correct in the joint
through repointing than if the break occurs in the masonry
units.
Permeability, or rate of vapor transmission, is also critical.
High lime mortars are more permeable than denser cement
mortars. Historically, mortar acted as a bedding material--not
unlike an expansion joint--rather than a "glue" for the
masonry units, and moisture was able to migrate through the
mortar joints rather than the masonry units. When moisture
evaporates from the masonry it deposits any soluble salts
either on the surface as efflorescence or below the surface as
subflorescence. While salts deposited on the surface of
masonry units are usually relatively harmless, salt
This early 19th century
building is being repointed
crystallization within a masonry unit creates pressure that
with lime mortar. Photo:
can cause parts ofthe outer surface to spall off or delaminate. Travis McDonald.
If the mortar does not permitmoisture or moisture vapor to
migrate out of the wall and evaporate, theresult will be damage to the masonry units.

Components of Mortar
Sand. Sand is the largest component of mortar and the material that gives mortar its
distinctive color, texture and cohesiveness. Sand must be free of impurities, such as
salts or clay. The three key characteristics of sand are: particle shape, gradation and
void ratios.
When viewed under a magnifying glass or low-power microscope, particles of sand
generally have either rounded edges, such as found in beach and river sand, or sharp,
angular edges, found in crushed or manufactured sand. For repointing mortar, rounded

or natural sand is preferred for two reasons. It is usually similar to the sand in the
historic mortar and provides a better visual match. It also has better working qualities or
plasticity and can thus be forced into the joint more easily, forming a good contact with
the remaining historic mortar and the surface of the adjacent masonry units. Although
manufactured sand is frequently more readily available, it is usually possible to locate a
supply of rounded sand.
The gradation of the sand (particle size distribution) plays a very important role in the
durability and cohesive properties of a mortar. Mortar must have a certain percentage of
large to small particle sizes in order to deliver the optimum performance. Acceptable
guidelines on particle size distribution may be found in ASTM C 144 (American Society
for Testing and Materials). However, in actuality, since neither historic nor modern sands
are always in compliance with ASTM C 144, matching the same particle appearance and
gradation usually requires sieving the sand.
A scoop of sand contains many small voids between the individual grains. A mortar that
performs well fills all these small voids with binder (cement/lime combination or mix) in
a balanced manner. Well-graded sand generally has a 30 per cent void ratio by volume.
Thus, 30 per cent binder by volume generally should be used, unless the historic mortar
had a different binder: aggregate ratio. This represents the 1:3 binder to sand ratios
often seen in mortar specifications.
For repointing, sand generally should conform to ASTM C 144 to assure proper gradation
and freedom from impurities; some variation may be necessary to match the original
size and gradation. Sand color and texture also should match the original as closely as
possible to provide the proper color match without other additives.
Lime. Mortar formulations prior to the late-19th century used lime as the primary
binding material. Lime is derived from heating limestone at high temperatures which
burns off the carbon dioxide, and turns the limestone into quicklime. There are three
types of limestone--calcium, magnesium, and dolomitic--differentiated by the different
levels of magnesium carbonate they contain which impart specific qualities to mortar.
Historically, calcium lime was used for mortar rather than the dolomitic lime (calcium
magnesium carbonate) most often used today. But it is also important to keep in mind
the fact that the historic limes, and other components of mortar, varied a great deal
because they were natural, as opposed to modern lime which is manufactured and,
therefore, standardized. Because some of the kinds of lime, as well as other components
of mortar, that were used historically are no longer readily available, even when a
conscious effort is made to replicate a "historic" mix, this may not be achievable due to
the differences between modern and historic materials.

Caulking was inappropriately used here in
place of mortar on the top of the wall. As a
result, it has not been durable. Photo: NPS
files.

Lime, itself, when mixed with water into a
paste is very plastic and creamy. It will remain
workable and soft indefinitely, if stored in a
sealed container. Lime (calcium hydroxide)
hardens by carbonation absorbing carbon
dioxide primarily from the air, converting itself
to calcium carbonate. Once a lime and sand
mortar is mixed and placed in a wall, it begins
the process of carbonation. If lime mortar is
left to dry too rapidly, carbonation of the
mortar will be reduced, resulting in poor
adhesion and poor durability. In addition, lime
mortar is slightly water soluble and thus is
able to re-seal any hairline cracks that may
develop during the life of the mortar. Lime

mortar is soft, porous, and changes little in volume during temperature fluctuations thus
making it a good choice for historic buildings. Because of these qualities, high calcium
lime mortar may be considered for many repointing projects, not just those involving
historic buildings.
For repointing, lime should conform to ASTM C 207, Type S, or Type SA, Hydrated Lime
for Masonry Purposes. This machine-slaked lime is designed to assure high plasticity and
water retention. The use of quicklime which must be slaked and soaked by hand may
have advantages over hydrated lime in some restoration projects if time and money
allow.
Lime putty. Lime putty is slaked lime that has a putty or paste-like consistency. It
should conform to ASTM C 5. Mortar can be mixed using lime putty according to ASTM C
270 property or proportion specification.
Portland cement. More recent, 20th-century mortar has used portland cement as a
primary binding material. A straight portland cement and sand mortar is extremely hard,
resists the movement of water, shrinks upon setting, and undergoes relatively large
thermal movements. When mixed with water, portland cement forms a harsh, stiff paste
that is quite unworkable, becoming hard very quickly. (Unlike lime, portland cement will
harden regardless of weather conditions and does not require wetting and drying cycles.)
Some portland cement assists the workability and plasticity of the mortar without
adversely affecting the finished project; it also provides early strength to the mortar and
speeds setting. Thus, it may be appropriate to add some portland cement to an
essentially lime-based mortar even when repointing relatively soft 18th or 19th century
brick under some circumstances when a slightly harder mortar is required. The more
portland cement that is added to a mortar formulation the harder it becomes--and the
faster the initial set.
For repointing, portland cement should conform to ASTM C 150. White, non- staining
portland cement may provide a better color match for some historic mortars than the
more commonly available grey portland cement. But, it should not be assumed,
however, that white portland cement is always appropriate for all historic buildings, since
the original mortar may have been mixed with grey cement. The cement should not
have more than 0.60 per cent alkali to help avoid efflorescence.
Masonry cement. Masonry cement is a preblended mortar mix commonly found at
hardware and home repair stores. It is designed to produce mortars with a compressive
strength of 750 psi or higher when mixed with sand and water at the job site. It may
contain hydrated lime, but it always contains a large amount of portland cement, as well
as ground limestone and other workability agents, including air-entraining agents.
Because masonry cements are not required to contain hydrated lime, and generally do
not contain lime, they produce high strength mortars that can damage historic masonry.
For this reason, they generally are not recommended for use on historic masonry
buildings.
Lime mortar (pre-blended). Hydrated lime mortars, and pre-blended lime putty
mortars with or without a matched sand are commercially available. Custom mortars are
also available with color. In most instances, pre-blended lime mortars containing sand
may not provide an exact match; however, if the project calls for total repointing, a preblended lime mortar may be worth considering as long as the mortar is compatible in
strength with the masonry. If the project involves only selected, "spot" repointing, then
it may be better to carry out a mortar analysis which can provide a custom pre-blended
lime mortar with a matching sand. In either case, if a preblended lime mortar is to be
used, it should contain Type S or SA hydrated lime conforming to ASTM C 207.
Water. Water should be potable--clean and free from acids, alkalis, or other dissolved

organic materials.
Other Components
Historic components. In addition to the color of the sand, the texture of the mortar is
of critical importance in duplicating historic mortar. Most mortars dating from the mid19th century on--with some exceptions--have a fairly homogeneous texture and color.
Some earlier mortars are not as uniformly textured and may contain lumps of partially
burned lime or "dirty lime", shell (which often provided a source of lime, particularly in
coastal areas), natural cements, pieces of clay, lampblack or other pigments, or even
animal hair. The visual characteristics of these mortars can be duplicated through the
use of similar materials in the repointing mortar.
Replicating such unique or individual mortars will require writing new specifications for
each project. If possible, suggested sources for special materials should be included. For
example, crushed oyster shells can be obtained in a variety of sizes from poultry supply
dealers.
Pigments. Some historic mortars, particularly in the late 19th century, were tinted to
match or contrast with the brick or stone. Red pigments, sometimes in the form of brick
dust, as well as brown, and black pigments were commonly used. Modern pigments are
available which can be added to the mortar at the job site, but they should not exceed
10 per cent by weight of the portland cement in the mix, and carbon black should be
limited to 2 per cent. Only synthetic mineral oxides, which are alkali-proof and sun-fast,
should be used to prevent bleaching and fading.
Modern components. Admixtures are used to create specific characteristics in mortar,
and whether they should be used will depend upon the individual project. Air entraining
agents, for example, help the mortar to resist freeze-thaw damage in northern climates.
Accelerators are used to reduce mortar freezing prior to setting while retarders help to
extend the mortar life in hot climates. Selection of admixtures should be made by the
architect or architectural conservator as part of the specifications, not something
routinely added by the masons.
Generally, modern chemical additives are unnecessary and may, in fact, have
detrimental effects in historic masonry projects. The use of antifreeze compounds is not
recommended. They are not very effective with high lime mortars and may introduce
salts, which may cause efflorescence later. A better practice is to warm the sand and
water, and to protect the completed work from freezing. No definitive study has
determined whether air-entraining additives should be used to resist frost action and
enhance plasticity, but in areas of extreme exposure requiring high-strength mortars
with lower permeability, air-entrainment of 10-16 percent may be desirable (see formula
for "severe weather exposure" in Mortar Type and Mix). Bonding agents are not a
substitute for proper joint preparation, and they should generally be avoided. If the joint
is properly prepared, there will be a good bond between the new mortar and the
adjacent surfaces. In addition, a bonding agent is difficult to remove if smeared on a
masonry surface.
Mortar Type and Mix
Mortars for repointing projects, especially those involving historic buildings, typically are
custom mixed in order to ensure the proper physical and visual qualities. These
materials can be combined in varying proportions to create a mortar with the desired
performance and durability. The actual specification of a particular mortar type should
take into consideration all of the factors affecting the life of the building including:
current site conditions, present condition of the masonry, function of the new mortar,
degree of weather exposure, and skill of the mason.

Thus, no two repointing projects are exactly the same. Modern
materials specified for use in repointing mortar should conform to
specifications of the American Society for Testing and Materials
(ASTM) or comparable federal specifications, and the resulting
mortar should conform to ASTM C 270, Mortar for Unit Masonry.
Specifying the proportions for the repointing mortar for a specific
job is not as difficult as it might seem. Five mortar types, each
with a corresponding recommended mix, have been established
by ASTM to distinguish high strength mortar from soft flexible
mortars. The ASTM designated them in decreasing order of
approximate general strength as Type M (2,500 psi), Type S
Here, a hammer and
(1,800 psi), Type N (750 psi), Type O (350 psi) and Type K (75
chisel are being
psi). (The letters identifying the types are from the words MASON
correctly used to
WORK using every other letter.) Type K has the highest lime
prepare a joint for
repointing. Photo: John
content of the mixes that contain portland cement, although it is
P. Speweik.
seldom used today, except for some historic preservation
projects. The designation "L" in the accompanying chart identifies
a straight lime and sand mix. Specifying the appropriate ASTM mortar by proportion of
ingredients, will ensure the desired physical properties. Unless specified otherwise,
measurements or proportions for mortar mixes are always given in the following order:
cement-lime-sand. Thus, a Type K mix, for example, would be referred to as 1-3-10, or
1 part cement to 3 parts lime to 10 parts sand. Other requirements to create the desired
visual qualities should be included in the specifications.
The strength of a mortar can vary. If mixed with higher amounts of portland cement, a
harder mortar is obtained. The more lime that is added, the softer and more plastic the
mortar becomes, increasing its workability. A mortar strong in compressive strength
might be desirable for a hard stone (such as granite) pier holding up a bridge deck,
whereas a softer, more permeable lime mortar would be preferable for a historic wall of
soft brick. Masonry deterioration caused by salt deposition results when the mortar is
less permeable than the masonry unit. A strong mortar is still more permeable than
hard, dense stone. However, in a wall constructed of soft bricks where the masonry unit
itself has a relatively high permeability or vapor transmission rate, a soft, high lime
mortar is necessary to retain sufficient permeability.

Budgeting and Scheduling
Repointing is both expensive and time consuming due to the extent of handwork and
special materials required. It is preferable to repoint only those areas that require work
rather than an entire wall, as is often specified. But, if 25 to 50 per cent or more of a
wall needs to be repointed, repointing the entire wall may be more cost effective than
spot repointing.

Total repointing may also be more sensible when
access is difficult, requiring the erection of
expensive scaffolding (unless the majority of the
mortar is sound and unlikely to require
replacement in the foreseeable future). Each
project requires judgement based on a variety of
factors. Recognizing this at the outset will help
to prevent many jobs from becoming
prohibitively expensive.
When repairing this stone wall, the mason
In scheduling, seasonal aspects need to be
matched the raised profile of the original
considered first. Generally speaking, wall
tuckpointing. Photo: NPS files.
temperatures between 40 and 95 degrees F (8
and 38 degrees C) will prevent freezing or excessive evaporation of the water in the
mortar. Ideally, repointing should be done in shade, away from strong sunlight in order
to slow the drying process, especially during hot weather. If necessary, shade can be
provided for large-scale projects with appropriate modifications to scaffolding.

The relationship of repointing to other work proposed on the building must also be
recognized. For example, if paint removal or cleaning is anticipated, and if the mortar
joints are basically sound and need only selective repointing, it is generally better to
postpone repointing until after completion of these activities. However, if the mortar has
eroded badly, allowing moisture to penetrate deeply into the wall, repointing should be
accomplished before cleaning. Related work, such as structural or roof repairs, should be
scheduled so that they do not interfere with repointing and so that all work can take
maximum advantage of erected scaffolding.
Building managers also must recognize the difficulties that a repointing project can
create.

The process is time consuming, and scaffolding may need to
remain in place for an extended period of time. The joint
preparation process can be quite noisy and can generate large
quantities of dust which must be controlled, especially at air
intakes to protect human health, and also where it might damage
operating machinery. Entrances may be blocked from time to
time making access difficult for both building tenants and visitors.
Clearly, building managers will need to coordinate the repointing
work with other events at the site.
Contractor Selection
A mechanical grinder
improperly used to cut
out the horizontal joint
and incompatible
repointing have
seriously damaged the
19th century brick.
Photo: NPS files.

The ideal way to select a contractor is to ask knowledgeable
owners of recently repointed historic buildings for
recommendations. Qualified contractors then can provide lists of
other repointing projects for inspection. More commonly,
however, the contractor for a repointing project is selected
through a competitive bidding process over which the client or
consultant has only limited control. In this situation it is important to ensure that the
specifications stipulate that masons must have a minimum of five years' experience with
repointing historic masonry buildings to be eligible to bid on the project. Contracts are
awarded to the lowest responsible bidder, and bidders who have performed poorly on
other projects usually can be eliminated from consideration on this basis, even if they
have the lowest prices.

The contract documents should call for unit prices as well as a base bid. Unit pricing
forces the contractor to determine in advance what the cost addition or reduction will be
for work which varies from the scope of the base bid. If, for example, the contractor has
fifty linear feet less of stone repointing than indicated on the contract documents but
thirty linear feet more of brick repointing, it will be easy to determine the final price for
the work. Note that each type of work--brick repointing, stone repointing, or similar
items--will have its own unit price. The unit price also should reflect quantities; one
linear foot of pointing in five different spots will be more expensive than five contiguous
linear feet.
Execution of the Work
Test Panels. These panels are prepared by the contractor using the same techniques
that will be used on the remainder of the project. Several panel locations--preferably not
on the front or other highly visible location of the building--may be necessary to include
all types of masonry, joint styles, mortar colors, and other problems likely to be
encountered on the job.

If cleaning tests, for example, are also to be undertaken,
they should be carried out in the same location. Usually a 3
foot by 3 foot area is sufficient for brickwork, while a
somewhat larger area may be required for stonework.
These panels establish an acceptable standard of work and
serve as a benchmark for evaluating and accepting
subsequent work on the building.
Joint Preparation. Old mortar should be removed to a
minimum depth of 2 to 2-1/2 times the width of the joint to
ensure an adequate bond and to prevent mortar "popouts."
For most brick joints, this will require removal of the mortar
to a depth of approximately ½ to 1 inch; for stone masonry
with wide joints, mortar may need to be removed to a
depth of several inches. Any loose or disintegrated mortar
beyond this minimum depth also should be removed.

Unskilled repointing has
negatively impacted the
character of this late-19th
century building. Photo: NPS
files.

Although some damage may be inevitable, careful joint preparation can help limit
damage to masonry units. The traditional manner of removing old mortar is through the
use of hand chisels and mash hammers. Though labor-intensive, in most instances this
method poses the least threat for damage to historic masonry units and produces the
best final product.
The most common method of removing mortar, however, is through the use of power
saws or grinders. The use of power tools by unskilled masons can be disastrous for
historic masonry, particularly soft brick. Using power saws on walls with thin joints, such
as most brick walls, almost always will result in damage to the masonry units by
breaking the edges and by overcutting on the head, or vertical joints.
However, small pneumatically-powered chisels generally can be used safely and
effectively to remove mortar on historic buildings as long as the masons maintain
appropriate control over the equipment. Under certain circumstances, thin diamondbladed grinders may be used to cut out horizontal joints only on hard portland cement
mortar common to most early-20th century masonry buildings. Usually, automatic tools
most successfully remove old mortar without damaging the masonry units when they are
used in combination with hand tools in preparation for repointing. Where horizontal
joints are uniform and fairly wide, it may be possible to use a power masonry saw to
assist the removal of mortar, such as by cutting along the middle of the joint; final

mortar removal from the sides of the joints still should be done with a hand chisel and
hammer. Caulking cutters with diamond blades can sometimes be used successfully to
cut out joints without damaging the masonry. Caulking cutters are slow; they do not
rotate, but vibrate at very high speeds, thus minimizing the possibility of damage to
masonry units. Although mechanical tools may be safely used in limited circumstances to
cut out horizontal joints in preparation for repointing, they should never be used on
vertical joints because of the danger of slipping and cutting into the brick above or below
the vertical joint. Using power tools to remove mortar without damaging the surrounding
masonry units also necessitates highly skilled masons experienced in working on historic
masonry buildings. Contractors should demonstrate proficiency with power tools before
their use is approved.
Using any of these power tools may also be more acceptable on hard stone, such as
quartzite or granite, than on terra cotta with its glass-like glaze, or on soft brick or
stone. The test panel should determine the acceptability of power tools. If power tools
are to be permitted, the contractor should establish a quality control program to account
for worker fatigue and similar variables.
Mortar should be removed cleanly from the masonry units, leaving square corners at the
back of the cut. Before filling, the joints should be rinsed with a jet of water to remove
all loose particles and dust. At the time of filling, the joints should be damp, but with no
standing water present. For masonry walls--limestone, sandstone and common brick-that are extremely absorbent, it is recommended that a continual mist of water be
applied for a few hours before repointing begins.
Mortar Preparation. Mortar components should be measured and mixed carefully to
assure the uniformity of visual and physical characteristics. Dry ingredients are
measured by volume and thoroughly mixed before the addition of any water. Sand must
be added in a damp, loose condition to avoid over sanding. Repointing mortar is typically
pre-hydrated by adding water so it will just hold together, thus allowing it to stand for a
period of time before the final water is added. Half the water should be added, followed
by mixing for approximately 5 minutes. The remaining water should then be added in
small portions until a mortar of the desired consistency is reached. The total volume of
water necessary may vary from batch to batch, depending on weather conditions. It is
important to keep the water to a minimum for two reasons: first, a drier mortar is
cleaner to work with, and it can be compacted tightly into the joints; second, with no
excess water to evaporate, the mortar cures without shrinkage cracks. Mortar should be
used within approximately 30 minutes of final mixing, and "retempering," or adding
more water, should not be permitted.
Using Lime Putty to Make Mortar. Mortar made with lime putty and sand, sometimes
referred to as roughage or course stuff, should be measured by volume, and may
require slightly different proportions from those used with hydrated lime. No additional
water is usually needed to achieve a workable consistency because enough water is
already contained in the putty. Sand is proportioned first, followed by the lime putty,
then mixed for five minutes or until all the sand is thoroughly coated with the lime putty.
But mixing, in the familiar sense of turning over with a hoe, sometimes may not be
sufficient if the best possible performance is to be obtained from a lime putty mortar.
Although the old practice of chopping, beating and ramming the mortar has largely been
forgotten, recent field work has confirmed that lime putty and sand rammed and beaten
with a wooden mallet or ax handle, interspersed by chopping with a hoe, can
significantly improve workability and performance. The intensity of this action increases
the overall lime/sand contact and removes any surplus water by compacting the other
ingredients. It may also be advantageous for larger projects to use a mortar pan mill for
mixing. Mortar pan mills which have a long tradition in Europe produce a superior lime
putty mortar not attainable with today's modern paddle and drum type mixers.
For larger repointing projects the lime putty and sand can be mixed together ahead of

time and stored indefinitely, on or off site, which eliminates the need for piles of sand on
the job site. This mixture, which resembles damp brown sugar, must be protected from
the air in sealed containers with a wet piece of burlap over the top or sealed in a large
plastic bag to prevent evaporation and premature carbonation. The lime putty and sand
mixture can be recombined into a workable plastic state months later with no additional
water.
If portland cement is specified in a lime putty and sand mortar--Type O (1:2:9) or Type
K (1:3:11)--the portland cement should first be mixed into a slurry paste before adding
it to the lime putty and sand. Not only will this ensure that the portland cement is evenly
distributed throughout the mixture, but if dry portland cement is added to wet
ingredients it tends to "ball up," jeopardizing dispersion. (Usually water must be added
to the lime putty and sand anyway once the portland cement is introduced.) Any color
pigments should be added at this stage and mixed for a full five minutes. The mortar
should be used within 30 minutes to 1½ hours and it should not be retempered. Once
portland cement has been added the mortar can no longer be stored.
Filling the Joint. Where existing mortar has been removed to a depth of greater than 1
inch, these deeper areas should be filled first, compacting the new mortar in several
layers. The back of the entire joint should be filled successively by applying
approximately 1/4 inch of mortar, packing it well into the back corners. This application
may extend along the wall for several feet. As soon as the mortar has reached thumbprint hardness, another 1/4 inch layer of mortar--approximately the same thickness-may be applied. Several layers will be needed to fill the joint flush with the outer surface
of the masonry. It is important to allow each layer time to harden before the next layer
is applied; most of the mortar shrinkage occurs during the hardening process and
layering thus minimizes overall shrinkage.
When the final layer of mortar is thumb-print hard, the joint should be tooled to match
the historic joint. Proper timing of the tooling is important for uniform color and
appearance. If tooled when too soft, the color will be lighter than expected, and hairline
cracks may occur; if tooled when too hard, there may be dark streaks called "tool
burning," and good closure of the mortar against the masonry units will not be achieved.
If the old bricks or stones have worn, rounded edges, it is best to recess the final mortar
slightly from the face of the masonry. This treatment will help avoid a joint which is
visually wider than the actual joint; it also will avoid creation of a large, thin featheredge
which is easily damaged, thus admitting water. After tooling, excess mortar can be
removed from the edge of the joint by brushing with a natural bristle or nylon brush.
Metal bristle brushes should never be used on historic masonry.
Curing Conditions. The preliminary hardening of high-lime content mortars--those
mortars that contain more lime by volume than portland cement, i.e., Type O (1:2:9),
Type K (1:3:11), and straight lime/sand, Type "L" (0:1:3)--takes place fairly rapidly as
water in the mix is lost to the porous surface of the masonry and through evaporation. A
high lime mortar (especially Type "L") left to dry out too rapidly can result in chalking,
poor adhesion, and poor durability. Periodic wetting of the repointed area after the
mortar joints are thumb-print hard and have been finish tooled may significantly
accelerate the carbonation process. When feasible, misting using a hand sprayer with a
fine nozzle can be simple to do for a day or two after repointing. Local conditions will
dictate the frequency of wetting, but initially it may be as often as every hour and
gradually reduced to every three or four hours. Walls should be covered with burlap for
the first three days after repointing. (Plastic may be used, but it should be tented out
and not placed directly against the wall.) This helps keep the walls damp and protects
them from direct sunlight. Once carbonation of the lime has begun, it will continue for
many years and the lime will gain strength as it reverts back to calcium carbonate within
the wall.

Aging the Mortar. Even with the best efforts at
matching the existing mortar color, texture, and
materials, there will usually be a visible difference
between the old and new work, partly because the
new mortar has been matched to the unweathered
portions of the historic mortar. Another reason for
a slight mismatch may be that the sand is more
exposed in old mortar due to the slight erosion of
the lime or cement. Although spot repointing is
generally preferable and some color difference
should be acceptable, if the difference between old This 18th century pediment and
surrounding wall exhibit distinctively
and new mortar is too extreme, it may be
different mortar joints. Photo: NPS files.
advisable in some instances to repoint an entire
area of a wall, or an entire feature such as a bay, to minimize the difference between the
old and the new mortar. If the mortars have been properly matched, usually the best
way to deal with surface color differences is to let the mortars age naturally. Other
treatments to overcome these differences, including cleaning the non-repointed areas or
staining the new mortar, should be carefully tested prior to implementation.
Staining the new mortar to achieve a better color match is generally not recommended,
but it may be appropriate in some instances. Although staining may provide an initial
match, the old and new mortars may weather at different rates, leading to visual
differences after a few seasons. In addition, the mixtures used to stain the mortar may
be harmful to the masonry; for example, they may introduce salts into the masonry
which can lead to efflorescence.
Cleaning the Repointed Masonry. If repointing work is carefully executed, there will
be little need for cleaning other than to remove the small amount of mortar from the
edge of the joint following tooling. This can be done with a stiff natural bristle or nylon
brush after the mortar has dried, but before it is initially set (1-2 hours). Mortar that has
hardened can usually be removed with a wooden paddle or, if necessary, a chisel.
Further cleaning is best accomplished with plain water and natural bristle or nylon
brushes. If chemicals must be used, they should be selected with extreme caution.
Improper cleaning can lead to deterioration of the masonry units, deterioration of the
mortar, mortar smear, and efflorescence. New mortar joints are especially susceptible to
damage because they do not become fully cured for several months. Chemical cleaners,
particularly acids, should never be used on dry masonry. The masonry should always be
completely soaked once with water before chemicals are applied. After cleaning, the
walls should be flushed again with plain water to remove all traces of the chemicals.
Several precautions should be taken if a freshly repointed masonry wall is to be cleaned.
First, the mortar should be fully hardened before cleaning. Thirty days is usually
sufficient, depending on weather and exposure; as mentioned previously, the mortar will
continue to cure even after it has hardened. Test panels should be prepared to evaluate
the effects of different cleaning methods. Generally, on newly repointed masonry walls,
only very low pressure (100 psi) water washing supplemented by stiff natural bristle or
nylon brushes should be used, except on glazed or polished surfaces, where only soft
cloths should be used.**
New construction "bloom" or efflorescence occasionally appears within the first few
months of repointing and usually disappears through the normal process of weathering.
If the efflorescence is not removed by natural processes, the safest way to remove it is
by dry brushing with stiff natural or nylon bristle brushes followed by wet brushing.
Hydrochloric (muriatic) acid, is generally ineffective, and it should not be used to remove
efflorescence. It may liberate additional salts, which, in turn, can lead to more

efflorescence.
Surface Grouting is sometimes suggested as an alternative to repointing brick
buildings, in particular. This process involves the application of a thin coat of cementbased grout to the mortar joints and the mortar/brick interface. To be effective, the
grout must extend slightly onto the face of the masonry units, thus widening the joint
visually. The change in the joint appearance can alter the historic character of the
structure to an unacceptable degree. In addition, although masking of the bricks is
intended to keep the grout off the remainder of the face of the bricks, some level of
residue, called "veiling," will inevitably remain. Surface grouting cannot substitute for
the more extensive work of repointing, and it is not a recommended treatment for
historic masonry.
**Additional information on masonry cleaning is presented in Preservation Briefs 1:
Assessing Cleaning and Water-Repellent Treatments for Historic Masonry Buildings,
Robert C. Mack, FAIA, and Anne Grimmer, Washington, D.C.: Technical Preservation
Services, National Park Service, U.S. Department of the Interior, 2000; and Keeping it
Clean: Removing Exterior Dirt, Paint, Stains & Graffiti from Historic Masonry Buildings,
Anne E. Grimmer, Washington, D.C.: Technical Preservation Services, National Park
Service, U.S. Department of the Interior, 1988.

Visually Examining the Mortar and the Masonry Units
A simple in situ comparison will help determine the hardness and condition of the mortar
and the masonry units. Begin by scraping the mortar with a screwdriver, and gradually
tapping harder with a cold chisel and mason's hammer. Masonry units can be tested in
the same way beginning, even more gently, by scraping with a fingernail. This relative
analysis which is derived from the 10-point hardness scale used to describe minerals,
provides a good starting point for selection of an appropriate mortar. It is described
more fully in "The Russack System for Brick & Mortar Description" referenced in
Selected Reading at the end of this Brief.
Mortar samples should be chosen carefully, and picked from a variety of locations on the
building to find unweathered mortar, if possible. Portions of the building may have been
repointed in the past while other areas may be subject to conditions causing unusual
deterioration. There may be several colors of mortar dating from different construction
periods or sand used from different sources during the initial construction. Any of these
situations can give false readings to the visual or physical characteristics required for the
new mortar. Variations should be noted which may require developing more than one
mix.
1) Remove with a chisel and hammer three or four unweathered samples of the mortar
to be matched from several locations on the building. (Set the largest sample aside--this
will be used later for comparison with the repointing mortar). Removing a full
representation of samples will allow selection of a "mean" or average mortar sample.
2) Mash the remaining samples with a wooden mallet, or hammer if necessary, until
they are separated into their constituent parts. There should be a good handful of the
material.
3) Examine the powdered portion--the lime and/or cement matrix of the mortar. Most
particularly, note the color. There is a tendency to think of historic mortars as having
white binders, but grey portland cement was available by the last quarter of the 19th
century, and traditional limes were also sometimes grey. Thus, in some instances, the
natural color of the historic binder may be grey, rather than white. The mortar may also

have been tinted to create a colored mortar, and this color should be identified at this
point.
4) Carefully blow away the powdery material (the lime and/or cement matrix which
bound the mortar together).
5) With a low power (10 power) magnifying glass, examine the remaining sand and
other materials such as lumps of lime or shell.
6) Note and record the wide range of color as well as the varying sizes of the individual
grains of sand, impurities, or other materials.
Other Factors to Consider
Color. Regardless of the color of the binder or colored additives, the sand is the primary
material that gives mortar its color. A surprising variety of colors of sand may be found
in a single sample of historic mortar, and the different sizes of the grains of sand or
other materials, such as incompletely ground lime or cement, play an important role in
the texture of the repointing mortar. Therefore, when specifying sand for repointing
mortar, it may be necessary to obtain sand from several sources and to combine or
screen them in order to approximate the range of sand colors and grain sizes in the
historic mortar sample.
Pointing Style. Close examination of the historic masonry wall and the techniques used
in the original construction will assist in maintaining the visual qualities of the building.
Pointing styles and the methods of producing them should be examined. It is important
to look at both the horizontal and the vertical joints to determine the order in which they
were tooled and whether they were the same style. Some late-19th and early-20th
century buildings, for example, have horizontal joints that were raked back while the
vertical joints were finished flush and stained to match the bricks, thus creating the
illusion of horizontal bands. Pointing styles may also differ from one facade to another;
front walls often received greater attention to mortar detailing than side and rear walls.
Tuckpointing is not true repointing but the application of a raised joint or lime putty
joint on top of flush mortar joints. Penciling is a purely decorative, painted surface
treatment over a mortar joint, often in a contrasting color.
Masonry Units.The masonry units should also be examined so that any replacement
units will match the historic masonry. Within a wall there may be a wide range of colors,
textures, and sizes, particularly with hand-made brick or rough-cut, locally-quarried
stone. Replacement units should blend in with the full range of masonry units rather
than a single brick or stone.
Matching Color and Texture of the Repointing Mortar
New mortar should match the unweathered interior portions of the historic mortar. The
simplest way to check the match is to make a small sample of the proposed mix and
allow it to cure at a temperature of approximately 70 degrees F for about a week, or it
can be baked in an oven to speed up the curing; this sample is then broken open and
the surface is compared with the surface of the largest "saved" sample of historic
mortar.
If a proper color match cannot be achieved through the use of natural sand or colored
aggregates like crushed marble or brick dust, it may be necessary to use a modern
mortar pigment.
During the early stages of the project, it should be determined how closely the new
mortar should match the historic mortar. Will "quite close" be sufficient, or is "exactly"

expected? The specifications should state this clearly so that the contractor has a
reasonable idea how much time and expense will be required to develop an acceptable
match.
The same judgment will be necessary in matching replacement terra cotta, stone or
brick. If there is a known source for replacements, this should be included in the
specifications. If a source cannot be determined prior to the bidding process, the
specifications should include an estimated price for the replacement materials with the
final price based on the actual cost to the contractor.
Mortar Types
(Measured by volume)

Designation

Cement

Hydrated Lime
or Lime Putty

Sand

M

1

1/4

3 - 3 3/4

S

1

1/2

4 - 4 1/2

N

1

1

5-6

O

1

2

8-9

K

1

3

10 - 12

"L"

0

1

2 1/4 - 3

Suggested Mortar Types for Different Exposures
Exposure
Masonry Material

Sheltered Moderate

Severe

Very durable:
granite, hard-cored brick, etc.

O

N

S

Moderately durable:
limestone, durable stone, molded brick

K

O

N

"L"

K

O

Minimally durable:
soft hand-made brick

Summary
For the Owner/Administrator. The owner or administrator of a historic building
should remember that repointing is likely to be a lengthy and expensive process. First,
there must be adequate time for evaluation of the building and investigation into the
cause of problems. Then, there will be time needed for preparation of the contract
documents. The work itself is precise, time-consuming and noisy, and scaffolding may
cover the face of the building for some time. Therefore, the owner must carefully plan
the work to avoid problems. Schedules for both repointing and other activities will thus
require careful coordination to avoid unanticipated conflicts. The owner must avoid the
tendency to rush the work or cut corners if the historic building is to retain its visual
integrity and the job is to be durable.
For the Architect/Consultant. Because the primary role of the consultant is to ensure
the life of the building, a knowledge of historic construction techniques and the special
problems found in older buildings is essential. The consultant must assist the owner in
planning for logistical problems relating to research and construction. It is the
consultant's responsibility to determine the cause of the mortar deterioration and ensure
that it is corrected before the masonry is repointed. The consultant must also be
prepared to spend more time in project inspections than is customary in modern

construction.
For the Masons. Successful repointing depends on the masons themselves.
Experienced masons understand the special requirements for work on historic buildings
and the added time and expense they require. The entire masonry crew must be willing
and able to perform the work in conformance with the specifications, even when the
specifications may not be in conformance with standard practice. At the same time, the
masons should not hesitate to question the specifications if it appears that the work
specified would damage the building.

Conclusion
A good repointing job is meant to last, at least 30 years, and preferably 50- 100 years.
Shortcuts and poor craftsmanship result not only in diminishing the historic character of
a building, but also in a job that looks bad, and will require future repointing sooner than
if the work had been done correctly. The mortar joint in a historic masonry building has
often been called a wall's "first line of defense." Good repointing practices guarantee the
long life of the mortar joint, the wall, and the historic structure. Although careful
maintenance will help preserve the freshly repointed mortar joints, it is important to
remember that mortar joints are intended to be sacrificial and will probably require
repointing some time in the future. Nevertheless, if the historic mortar joints proved
durable for many years, then careful repointing should have an equally long life,
ultimately contributing to the preservation of the entire building.
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The windows on many historic buildings are an important aspect of the architectural
character of those buildings. Their design, craftsmanship, or other qualities may make them
worthy of preservation. This is self-evident for ornamental windows, but it can be equally true for
warehouses or factories where the windows may be the most dominant visual element of an
otherwise plain building. Evaluating the significance of these windows and planning for their
repair or replacement can be a complex process involving both objective and subjective
considerations. The Secretary of the Interior's Standards for Rehabilitation and the accompanying
guidelines, call for respecting the significance of original materials and features, repairing and
retaining them wherever possible, and when necessary, replacing them in kind. This Brief is
based on the issues of significance and repair which are implicit in the standards, but the primary
emphasis is on the technical issues of planning for the repair of windows including evaluation of
their physical condition, techniques of repair, and design considerations when replacement is
necessary.
Much of the technical section presents repair techniques as an instructional guide for the do-ityourselfer. The information will be useful, however, for the architect, contractor, or developer on
large-scale projects. It presents a methodology for approaching the evaluation and repair of
existing windows, and considerations for replacement, from which the professional can develop
alternatives and specify appropriate materials and procedures.

Architectural or Historical Significance
Evaluating the architectural or historical significance of windows is the first step in planning for
window treatments, and a general understanding of the function and history of windows is vital to
making a proper evaluation. As a part of this evaluation, one must consider four basic window
functions: admitting light to the interior spaces, providing fresh air and ventilation to the interior,

providing a visual link to the outside world, and enhancing the appearance of a building. No
single factor can be disregarded when planning window treatments; for example, attempting to
conserve energy by closing up or reducing the size of window openings may result in the use of
more energy by increasing electric lighting loads and decreasing passive solar heat gains.

Windows are frequently important visual
focal points, especially on simple facades
such as this mill building. Replacement of the
multi-pane windows with larger panes could
dramatically alter the appearance of the
building. Photo: NPS files.

Historically, the first windows in early American houses
were casement windows; that is, they were hinged at
the side and opened outward. In the beginning of the
eighteenth century single- and double-hung windows
were introduced. Subsequently many styles of these
vertical sliding sash windows have come to be
associated with specific building periods or architectural
styles, and this is an important consideration in
determining the significance of windows, especially on a
local or regional basis. Site-specific, regionally oriented
architectural comparisons should be made to determine
the significance of windows in question. Although such
comparisons may focus on specific window types and
their details, the ultimate determination of significance
should be made within the context of the whole building,
wherein the windows are one architectural element.

After all of the factors have been evaluated, windows
should be considered significant to a building if
they: 1) are original, 2) reflect the original design intent for the building, 3) reflect period or
regional styles or building practices, 4) reflect changes to the building resulting from major
periods or events, or 5) are examples of exceptional craftsmanship or design. Once this
evaluation of significance has been completed, it is possible to proceed with planning appropriate
treatments, beginning with an investigation of the physical condition of the windows.

Physical Evaluation
The key to successful planning for window treatments is a careful evaluation of existing physical
conditions on a unit-by-unit basis. A graphic or photographic system may be devised to record
existing conditions and illustrate the scope of any necessary repairs. Another effective tool is a
window schedule which lists all of the parts of each window unit. Spaces by each part allow notes
on existing conditions and repair instructions. When such a schedule is completed, it indicates the
precise tasks to be performed in the repair of each unit and becomes a part of the specifications.
In any evaluation, one should note at a minimum:
•
•
•
•
•
•
•

1)
2)
3)
4)
5)
6)
7)

window location
condition of the paint
condition of the frame and sill
condition of the sash (rails, stiles and muntins)
glazing problems
hardware, and
the overall condition of the window (excellent, fair, poor, and so forth)

Many factors such as poor design, moisture, vandalism, insect attack, and lack of maintenance
can contribute to window deterioration, but moisture is the primary contributing factor in wooden
window decay. All window units should be inspected to see if water is entering around the edges
of the frame and, if so, the joints or seams should be caulked to eliminate this danger. The
glazing putty should be checked for cracked, loose, or missing sections which allow water to
saturate the wood, especially at the joints. The back putty on the interior side of the pane should

also be inspected, because it creates a seal which prevents condensation from running down into
the joinery. The sill should be examined to insure that it slopes downward away from the building
and allows water to drain off. In addition, it may be advisable to cut a dripline along the
underside of the sill. This almost invisible treatment will insure proper water runoff, particularly if
the bottom of the sill is flat. Any conditions, including poor original design, which permit water to
come in contact with the wood or to puddle on the sill must be corrected as they contribute to
deterioration of the window.

One clue to the location of areas of excessive moisture is
the condition of the paint; therefore, each window should
be examined for areas of paint failure. Since excessive
moisture is detrimental to the paint bond, areas of paint
blistering, cracking, flaking, and peeling usually identify
points of water penetration, moisture saturation, and
potential deterioration. Failure of the paint should not,
however, be mistakenly interpreted as a sign that the
wood is in poor condition and hence, irreparable. Wood is
frequently in sound physical condition beneath unsightly
paint. After noting areas of paint failure, the next step is
to inspect the condition of the wood, particularly at the
points identified during the paint examination.

Deterioration of poorly maintained windows
usually begins on horizontal surfaces and at
joints, where water can collect and saturate
the wood. Photo: NPS files.

Each window should be examined for operational
soundness beginning with the lower portions of the frame and sash. Exterior rainwater and
interior condensation can flow downward along the window, entering and collecting at points
where the flow is blocked. The sill, joints between the sill and jamb, corners of the bottom rails
and muntin joints are typical points where water collects and deterioration begins. The operation
of the window (continuous opening and closing over the years and seasonal temperature
changes) weakens the joints, causing movement and slight separation. This process makes the
joints more vulnerable to water which is readily absorbed into the endgrain of the wood. If severe
deterioration exists in these areas, it will usually be apparent on visual inspection, but other less
severely deteriorated areas of the wood may be tested by two traditional methods using a small
ice pick.
An ice pick or an awl may be used to test wood for soundness. The technique is simply to jab the
pick into a wetted wood surface at an angle and pry up a small section of the wood. Sound wood
will separate in long fibrous splinters, but decayed wood will lift up in short irregular pieces due to
the breakdown of fiber strength.
Another method of testing for soundness consists of pushing a sharp object into the wood,
perpendicular to the surface. If deterioration has begun from the hidden side of a member and
the core is badly decayed, the visible surface may appear to be sound wood. Pressure on the
probe can force it through an apparently sound skin to penetrate deeply into decayed wood. This
technique is especially useful for checking sills where visual access to the underside is restricted.
Following the inspection and analysis of the results, the scope of the necessary repairs will be
evident and a plan for the rehabilitation can be formulated. Generally the actions necessary to
return a window to "like new" condition will fall into three broad categories: 1) routine
maintenance procedures, 2) structural stabilization, and 3) parts replacement. These
categories will be discussed in the following sections and will be referred to respectively as
Repair Class I, Repair Class II, and Repair Class III. Each successive repair class represents
an increasing level of difficulty, expense, and work time. Note that most of the points mentioned
in Repair Class I are routine maintenance items and should be provided in a regular maintenance
program for any building. The neglect of these routine items can contribute to many common
window problems.

Before undertaking any of the repairs mentioned in the following sections all sources of moisture
penetration should be identified and eliminated, and all existing decay fungi destroyed in order to
arrest the deterioration process. Many commercially available fungicides and wood preservatives
are toxic, so it is extremely important to follow the manufacturer's recommendations for
application, and store all chemical materials away from children and animals. After fungicidal and
preservative treatment the windows may be stabilized, retained, and restored with every
expectation for a long service life.

Repair Class I: Routine Maintenance

Repairs to wooden windows are usually labor intensive and
relatively uncomplicated. On small scale projects this allows the doit-yourselfer to save money by repairing all or part of the windows.
On larger projects it presents the opportunity for time and money
which might otherwise be spent on the removal and replacement of
existing windows, to be spent on repairs, subsequently saving all or
part of the material cost of new window units. Regardless of the
actual costs, or who performs the work, the evaluation process
described earlier will provide the knowledge from which to specify
an appropriate work program, establish the work element priorities,
and identify the level of skill needed by the labor force.

After removing paint from
the seam between the
interior stop and the
jamb, the stop can be
pried out and gradually
worked loose using a pair
of putty knives as shown.
Photo: NPS files.

This historic double hung
The routine maintenance required to
upgrade a window to "like new" condition normally includes the following
steps: 1) some degree of interior and exterior paint removal, 2) removal
and repair of sash (including reglazing where necessary), 3) repairs to
the frame, 4) weatherstripping and reinstallation of the sash, and 5)
repainting. These operations are illustrated for a typical double-hung
wooden window, but they may be adapted to other window types and
styles as applicable.

Historic windows have usually acquired many layers of paint over time.
Removal of excess layers or peeling and flaking paint will facilitate
operation of the window and restore the clarity of the original detailing.
Some degree of paint removal is also necessary as a first step in the
proper surface preparation for subsequent refinishing (if paint color
analysis is desired, it should be conducted prior to the onset of the paint removal). There are
several safe and effective techniques for removing paint from wood, depending on the amount of
paint to be removed.

Paint removal should begin on the interior frames, being
careful to remove the paint from the interior stop and
the parting bead, particularly along the seam where
these stops meet the jamb. This can be accomplished by
running a utility knife along the length of the seam,
breaking the paint bond. It will then be much easier to
remove the stop, the parting bead and the sash. The
interior stop may be initially loosened from the sash side
to avoid visible scarring of the wood and then gradually
pried loose using a pair of putty knives, working up and
down the stop in small increments. With the stop
Sash can be removed and repaired in a
convenient work area. Paint is being removed
removed, the lower or interior sash may be withdrawn.
from this sash with a hot air gun. Photo: NPS
The sash cords should be detached from the sides of the files.
sash and their ends may be pinned with a nail or tied in
a knot to prevent them from falling into the weight pocket.
Removal of the upper sash on double-hung units is similar but the parting bead which holds it in
place is set into a groove in the center of the stile and is thinner and more delicate than the
interior stop. After removing any paint along the seam, the parting bead should be carefully pried
out and worked free in the same manner as the interior stop. The upper sash can be removed in
the same manner as the lower one and both sash taken to a convenient work area (in order to
remove the sash the interior stop and parting bead need only be removed from one side of the
window). Window openings can be covered with polyethylene sheets or plywood sheathing while
the sash are out for repair.
The sash can be stripped of paint using appropriate techniques, but if any heat treatment is used,
the glass should be removed or protected from the sudden temperature change which can cause
breakage. An overlay of aluminum foil on gypsum board or asbestos can protect the glass from
such rapid temperature change. It is important to protect the glass because it may be historic
and often adds character to the window. Deteriorated putty should be removed manually, taking
care not to damage the wood along the rabbet. If the glass is to be removed, the glazing points
which hold the glass in place can be extracted and the panes numbered and removed for cleaning
and reuse in the same openings. With the glass panes out, the remaining putty can be removed
and the sash can be sanded, patched, and primed with a preservative primer. Hardened putty in
the rabbets may be softened by heating with a soldering iron at the point of removal. Putty
remaining on the glass may be softened by soaking the panes in linseed oil, and then removed
with less risk of breaking the glass. Before reinstalling the glass, a bead of glazing compound or
linseed oil putty should be laid around the rabbet to cushion and seal the glass. Glazing
compound should only be used on wood which has been brushed with linseed oil and primed with
an oil based primer or paint. The pane is then pressed into place and the glazing points are
pushed into the wood around the perimeter of the pane.
The final glazing compound or putty is applied and beveled to complete the seal. The sash can be
refinished as desired on the inside and painted on the outside as soon as a "skin" has formed on
the putty, usually in 2 or 3 days. Exterior paint should cover the beveled glazing compound or
putty and lap over onto the glass slightly to complete a weather-tight seal. After the proper
curing times have elapsed for paint and putty, the sash will be ready for reinstallation.
While the sash are out of the frame, the condition of the wood in the jamb and sill can be
evaluated. Repair and refinishing of the frame may proceed concurrently with repairs to the sash,
taking advantage of the curing times for the paints and putty used on the sash. One of the most
common work items is the replacement of the sash cords with new rope cords or with chains. The
weight pocket is frequently accessible through a door on the face of the frame near the sill, but if
no door exists, the trim on the interior face may be removed for access. Sash weights may be
increased for easier window operation by elderly or handicapped persons. Additional repairs to
the frame and sash may include consolidation or replacement of deteriorated wood. Techniques
for these repairs are discussed in the following sections.

The operations just discussed summarize the efforts necessary to restore a
window with minor deterioration to "like new" condition. The techniques can
be applied by an unskilled person with minimal training and experience. To
demonstrate the practicality of this approach, and photograph it, a
Technical Preservation Services staff member repaired a wooden doublehung, two over two window which had been in service over ninety years.
The wood was structurally sound but the window had one broken pane,
Following the
relatively simple
many layers of paint, broken sash cords and inadequate, worn-out
repairs, the window is
weatherstripping. The staff member found that the frame could be stripped
weathertight, like
of paint and the sash removed quite easily. Paint, putty and glass removal
new in appearance,
and serviceable for
required about one hour for each sash, and the reglazing of both sash was
many years to
accomplished in about one hour. Weatherstripping of the sash and frame,
come.Photo: NPS
replacement of the sash cords and reinstallation of the sash, parting bead,
files.
and stop required an hour and a half. These times refer only to individual
operations; the entire process took several days due to the drying and
curing times for putty, primer, and paint, however, work on other window units could have been
in progress during these lag times.

Repair Class II: Stabilization
The preceding description of a window repair job focused on a unit which was operationally
sound. Many windows will show some additional degree of physical deterioration, especially in the
vulnerable areas mentioned earlier, but even badly damaged windows can be repaired using
simple processes. Partially decayed wood can be waterproofed, patched, built-up, or consolidated
and then painted to achieve a sound condition, good appearance, and greatly extended life. Three
techniques for repairing partially decayed or weathered wood are discussed in this section, and all
three can be accomplished using products available at most hardware stores.
One established technique for repairing wood which is split, checked or shows signs of rot, is to:
1) dry the wood, 2) treat decayed areas with a fungicide, 3) waterproof with two or three
applications of boiled linseed oil (applications every 24 hours), 4) fill cracks and holes with putty,
and 5) after a "skin" forms on the putty, paint the surface. Care should be taken with the use of
fungicide which is toxic. Follow the manufacturers' directions and use only on areas which will be
painted. When using any technique of building up or patching a flat surface, the finished surface
should be sloped slightly to carry water away from the window and not allow it to puddle.
Caulking of the joints between the sill and the jamb will help reduce further water penetration.

When sills or other members exhibit surface weathering
they may also be built-up using wood putties or homemade
mixtures such as sawdust and resorcinol glue, or whiting
and varnish. These mixtures can be built up in successive
layers, then sanded, primed, and painted. The same caution
about proper slope for flat surfaces applies to this technique.

This illustrates a two-part expoxy
patching compound used to fill the
surface of a weathered sill and rebuild
the missing edge. When the epoxy
cures, it can be sanded smooth and
painted to achieve a durable and
waterproof repair. Photo: NPS files.

Wood may also be strengthened and stabilized by
consolidation, using semirigid epoxies which saturate the
porous decayed wood and then harden. The surface of the
consolidated wood can then be filled with a semirigid epoxy
patching compound, sanded and painted. Epoxy patching
compounds can be used to build up missing sections or
decayed ends of members. Profiles can be duplicated using
hand molds, which are created by pressing a ball of patching
compound over a sound section of the profile which has
been rubbed with butcher's wax This can be a very efficient

been rubbed with butcher's wax. This can be a very efficient technique where there are many
typical repairs to be done. The process has been widely used and proven in marine applications;
and proprietary products are available at hardware and marine supply stores. Although epoxy
materials may be comparatively expensive, they hold the promise of being among the most
durable and long lasting materials available for wood repair. More information on epoxies can be
found in the publication "Epoxies for Wood Repairs in Historic Buildings," cited in the bibliography.
Any of the three techniques discussed can stabilize and restore the appearance of the window
unit. There are times, however, when the degree of deterioration is so advanced that stabilization
is impractical, and the only way to retain some of the original fabric is to replace damaged parts.

Repair Class III: Splices and Parts Replacement
When parts of the frame or sash are so badly deteriorated that they cannot be stabilized there
are methods which permit the retention of some of the existing or original fabric. These methods
involve replacing the deteriorated parts with new matching pieces, or splicing new wood into
existing members. The techniques require more skill and are more expensive than any of the
previously discussed alternatives. It is necessary to remove the sash and/or the affected parts of
the frame and have a carpenter or woodworking mill reproduce the damaged or missing parts.
Most millwork firms can duplicate parts, such as muntins, bottom rails, or sills, which can then be
incorporated into the existing window, but it may be necessary to shop around because there are
several factors controlling the practicality of this approach. Some woodworking mills do not like to
repair old sash because nails or other foreign objects in the sash can damage expensive knives
(which cost far more than their profits on small repair jobs); others do not have cutting knives to
duplicate muntin profiles. Some firms prefer to concentrate on larger jobs with more profit
potential, and some may not have a craftsman who can duplicate the parts. A little searching
should locate a firm which will do the job, and at a reasonable price. If such a firm does not exist
locally, there are firms which undertake this kind of repair and ship nationwide. It is possible,
however, for the advanced do-it-yourselfer or craftsman with a table saw to duplicate moulding
profiles using techniques discussed by Gordie Whittington in "Simplified Methods for Reproducing
Wood Mouldings," Bulletin of the Association for Preservation Technology, Vol. III, No. 4, 1971, or
illustrated more recently in The Old House, Time-Life Books, Alexandria, Virginia, 1979.
The repairs discussed in this section involve window frames which may be in very deteriorated
condition, possibly requiring removal; therefore, caution is in order. The actual construction of
wooden window frames and sash is not complicated. Pegged mortise and tenon units can be
disassembled easily, if the units are out of the building. The installation or connection of some
frames to the surrounding structure, especially masonry walls, can complicate the work
immeasurably, and may even require dismantling of the wall. It may be useful, therefore, to take
the following approach to frame repair: 1) conduct regular maintenance of sound frames to
achieve the longest life possible, 2) make necessary repairs in place, wherever possible, using
stabilization and splicing techniques, and 3) if removal is necessary, thoroughly investigate the
structural detailing and seek appropriate professional consultation.
Another alternative may be considered if parts replacement is required, and that is sash
replacement. If extensive replacement of parts is necessary and the job becomes prohibitively
expensive it may be more practical to purchase new sash which can be installed into the existing
frames. Such sash are available as exact custom reproductions, reasonable facsimiles (custom
windows with similar profiles), and contemporary wooden sash which are similar in appearance.
There are companies which still manufacture high quality wooden sash which would duplicate
most historic sash. A few calls to local building suppliers may provide a source of appropriate
replacement sash, but if not, check with local historical associations, the state historic
preservation office, or preservation related magazines and supply catalogs for information.
If a rehabilitation project has a large number of windows such as a commercial building or an

industrial complex, there may be less of a problem arriving at a solution. Once the evaluation of
the windows is completed and the scope of the work is known, there may be a potential economy
of scale. Woodworking mills may be interested in the work from a large project; new sash in
volume may be considerably less expensive per unit; crews can be assembled and trained on site
to perform all of the window repairs; and a few extensive repairs can be absorbed (without undue
burden) into the total budget for a large number of sound windows. While it may be expensive for
the average historic home owner to pay seventy dollars or more for a mill to grind a custom knife
to duplicate four or five bad muntins, that cost becomes negligible on large commercial projects
which may have several hundred windows.
Most windows should not require the extensive repairs discussed in this section. The ones which
do are usually in buildings which have been abandoned for long periods or have totally lacked
maintenance for years. It is necessary to thoroughly investigate the alternatives for windows
which do require extensive repairs to arrive at a solution which retains historic significance and is
also economically feasible. Even for projects requiring repairs identified in this section, if the
percentage of parts replacement per window is low, or the number of windows requiring repair is
small, repair can still be a cost effective solution.

Weatherization
A window which is repaired should be made as energy efficient as possible by the use of
appropriate weatherstripping to reduce air infiltration. A wide variety of products are available to
assist in this task. Felt may be fastened to the top, bottom, and meeting rails, but may have the
disadvantage of absorbing and holding moisture, particularly at the bottom rail. Rolled vinyl strips
may also be tacked into place in appropriate locations to reduce infiltration. Metal strips or new
plastic spring strips may be used on the rails and, if space permits, in the channels between the
sash and jamb. Weatherstripping is a historic treatment, but old weatherstripping (felt) is not
likely to perform very satisfactorily. Appropriate contemporary weatherstripping should be
considered an integral part of the repair process for windows. The use of sash locks installed on
the meeting rail will insure that the sash are kept tightly closed so that the weatherstripping will
function more effectively to reduce infiltration. Although such locks will not always be historically
accurate, they will usually be viewed as an acceptable contemporary modification in the interest
of improved thermal performance.
Many styles of storm windows are available to improve the thermal performance of existing
windows. The use of exterior storm windows should be investigated whenever feasible because
they are thermally efficient, cost-effective, reversible, and allow the retention of original windows
(see "Preservation Briefs: 3"). Storm window frames may be made of wood, aluminum, vinyl, or
plastic; however, the use of unfinished aluminum storms should be avoided. The visual impact of
storms may be minimized by selecting colors which match existing trim color. Arched top storms
are available for windows with special shapes. Although interior storm windows appear to offer an
attractive option for achieving double glazing with minimal visual impact, the potential for
damaging condensation problems must be addressed. Moisture which becomes trapped between
the layers of glazing can condense on the colder, outer prime window, potentially leading to
deterioration. The correct approach to using interior storms is to create a seal on the interior
storm while allowing some ventilation around the prime window. In actual practice, the creation
of such a durable, airtight seal is difficult.

Window Replacement
Although the retention of original or existing windows is always desirable and this Brief is
intended to encourage that goal, there is a point when the condition of a window may clearly
indicate replacement. The decision process for selecting replacement windows should not begin

with a survey of contemporary window products which are available as replacements, but should
begin with a look at the windows which are being replaced. Attempt to understand the
contribution of the window(s) to the appearance of the facade including: 1) the pattern of the
openings and their size; 2) proportions of the frame and sash; 3) configuration of window panes;
4) muntin profiles; 5) type of wood; 6) paint color; 7) characteristics of the glass; and 8)
associated details such as arched tops, hoods, or other decorative elements. Develop an
understanding of how the window reflects the period, style, or regional characteristics of the
building, or represents technological development.
Armed with an awareness of the significance of the existing window, begin to search for a
replacement which retains as much of the character of the historic window as possible. There are
many sources of suitable new windows. Continue looking until an acceptable replacement can be
found. Check building supply firms, local woodworking mills, carpenters, preservation oriented
magazines, or catalogs or suppliers of old building materials, for product information. Local
historical associations and state historic preservation offices may be good sources of information
on products which have been used successfully in preservation projects.
Consider energy efficiency as one of the factors for replacements, but do not let it dominate the
issue. Energy conservation is no excuse for the wholesale destruction of historic windows which
can be made thermally efficient by historically and aesthetically acceptable means. In fact, a
historic wooden window with a high quality storm window added should thermally outperform a
new double-glazed metal window which does not have thermal breaks (insulation between the
inner and outer frames intended to break the path of heat flow). This occurs because the wood
has far better insulating value than the metal, and in addition many historic windows have high
ratios of wood to glass, thus reducing the area of highest heat transfer. One measure of heat
transfer is the U-value, the number of Btu's per hour transferred through a square foot of
material. When comparing thermal performance, the lower the U-value the better the
performance. According to ASHRAE 1977 Fundamentals, the U-values for single glazed wooden
windows range from 0.88 to 0.99. The addition of a storm window should reduce these figures to
a range of 0.44 to 0.49. A non-thermal break, double-glazed metal window has a U-value of
about 0.6.

Conclusion
Technical Preservation Services recommends the retention and repair of original windows
whenever possible. We believe that the repair and weatherization of existing wooden windows is
more practical than most people realize, and that many windows are unfortunately replaced
because of a lack of awareness of techniques for evaluation, repair, and weatherization. Wooden
windows which are repaired and properly maintained will have greatly extended service lives
while contributing to the historic character of the building. Thus, an important element of a
building's significance will have been preserved for the future.
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A cautionary approach to paint removal is included in the guidelines to the Secretary of the
Interior Standards for Rehabilitation. Removing paints down to bare wood surfaces using harsh
methods can permanently damage those surfaces; therefore such methods are not recommended.
Also, total removal obliterates evidence of the historical paints and their sequence and architectural
context.
This Brief expands on that advice for the architect, building manager, contractor, or homeowner by
identifying and describing common types of paint surface conditions and failures, then recommending
appropriate treatments for preparing exterior wood surfaces for repainting to assure the best
adhesion and greatest durability of the new paint.

Although the Brief focuses on responsible methods of "paint removal," several paint surface conditions
will be described which do not require any paint removal, and still others which can be successfully
handled by limited paint removal. In all cases, the information is intended to address the concerns
related to exterior wood. It will also be generally assumed that, because houses built before 1950
involve one or more layers of lead-based paint, the majority of conditions warranting paint removal
will mean dealing with this toxic substance along with the dangers of the paint removal tools and
chemical strippers themselves.
Purposes of Exterior Paint

Paint applied to exterior wood must withstand yearly extremes
of both temperature and humidity. While never expected to be
more than a temporary physical shield--requiring reapplication
every 5 to 8 years--its importance should not be minimized.
Because one of the main causes of wood deterioration is
moisture penetration, a primary purpose for painting wood is to
exclude such moisture, thereby slowing deterioration not only
of a building's exterior siding and decorative features but,
ultimately, its underlying structural members. Another
important purpose for painting wood is, of course, to define and
accent architectural features and to improve appearance.
The paint on this exterior decorative
feature is sound. Photo: NPS files.

Treating Paint Problems in Historic Buildings

Exterior paint is constantly deteriorating through the processes of weathering, but in a program of
regular maintenance--assuming all other building systems are functioning properly--surfaces can be
cleaned, lightly scraped, and hand sanded in preparation for a new finish coat. Unfortunately, these
are ideal conditions. More often, complex maintenance problems are inherited by owners of historic
buildings, including areas of paint that have failed beyond the point of mere cleaning, scraping, and
hand sanding (although much so-called "paint failure" is attributable to interior or exterior moisture
problems or surface preparation and application mistakes with previous coats).

Although paint problems are by no means unique to historic buildings,
treating multiple layers of hardened, brittle paint on complex,
ornamental--and possibly fragile--exterior wood surfaces necessarily
requires an extremely cautious approach. In the case of recent
construction, this level of concern is not needed because the wood is
generally less detailed and, in addition, retention of the sequence of
paint layers as a partial record of the building's history is not an issue.
When historic buildings are involved, however, a special set of problems
arises--varying in complexity depending upon their age, architectural
style, historical importance, and physical soundness of the wood--which
must be carefully evaluated so that decisions can be made that are
sensitive to the longevity of the resource.

When the protective and
decorative paint finish was
removed and an inappropriate
clear finish applied, the exterior
character of the building was
altered. Photo: NPS files.

Justification for Paint Removal
At the outset of this Brief, it must be emphasized that removing paint from historic buildings--with the
exception of cleaning, light scraping, and hand sanding as part of routine maintenance--should be
avoided unless absolutely essential. Once conditions warranting removal have been identified
the general approach should be to remove paint to the next sound layer using the gentlest
means possible, then to repaint. Practically speaking as well, paint can adhere just as effectively
to existing paint as to bare wood, providing the previous coats of paint are also adhering uniformly
and tightly to the wood and the surface is properly prepared for repainting-- cleaned of dirt and chalk
and dulled by sanding.
But, if painted exterior wood surfaces display continuous patterns of deep cracks or if they are
extensively blistering and peeling so that bare wood is visible, then the old paint should be completely
removed before repainting. The only other justification for removing all previous layers of paint is if
doors, shutters, or windows have literally been "painted shut," or if new wood is being pieced-in

adjacent to old painted wood and a smooth transition is desired.
Paint Removal Precautions
Because paint removal is a difficult and painstaking process, a number of costly, regrettable
experiences have occurred--and continue to occur--for both the historic building and the building
owner. Historic buildings have been set on fire with blow torches; wood irreversibly scarred by
sandblasting or by harsh mechanical devices such as rotary sanders and rotary wire strippers; and
layers of historic paint inadvertently and unnecessarily removed. In addition, property owners, using
techniques that substitute speed for safety, have been injured by toxic lead vapors or dust from the
paint they were trying to remove or by misuse of the paint removers themselves.
Owners of historic properties considering paint removal should also be aware of the amount of time
and labor involved. While removing damaged layers of paint from a door or porch railing might be
readily accomplished within a reasonable period of time by one or two people, removing paint from
larger areas of a building can, without professional assistance, easily become unmanageable and
produce less than satisfactory results. The amount of work involved in any paint removal project must
therefore be analyzed on a case-by-case basis. Hiring qualified professionals will often be a costeffective decision due to the expense of materials, the special equipment required, and the amount of
time involved. Further, paint removal companies experienced in dealing with the inherent health and
safety dangers of paint removal should have purchased such protective devices as are needed to
mitigate any dangers and should also be aware of State or local environmental and/or health
regulations for hazardous waste disposal.
All in all, paint removal is a messy, expensive, and potentially dangerous aspect of rehabilitating or
restoring historic buildings and should not be undertaken without careful thought concerning first, its
necessity, and second, which of the available recommended methods is the safest and most
appropriate for the job at hand.

Re-painting Historic Buildings for Cosmetic Reasons
If existing exterior paint on wood siding, eaves, window sills, sash, and shutters, doors, and
decorative features shows no evidence of paint deterioration such as chalking, blistering, peeling, or
cracking, then there is no physical reason to repaint, much less remove paint! Nor is color fading, of
itself, sufficient justification to repaint a historic building.
The decision to repaint may not be based altogether on paint failure. Where there is a new owner, or
even where ownership has remained constant through the years, taste in colors often changes.
Therefore, if repainting is primarily to alter a building's primary and accent colors, a technical factor of
paint accumulation should be taken into consideration.

When the paint on the
wood windows became
too thick, it was
removed and the
window repainted.
Photo: NPS files.

When paint builds up to a thickness of approximately 1/16" (approximately 16
to 30 layers), one or more extra coats of paint may be enough to trigger
cracking and peeling in limited or even widespread areas of the building's
surface. This results because excessively thick paint is less able to withstand
the shrinkage or pull of an additional coat as it dries and is also less able to
tolerate thermal stresses. Thick paint invariably fails at the weakest point of
adhesion--the oldest layers next to the wood. Cracking and peeling follow.
Therefore, if there are no signs of paint failure, it may be somewhat risky to
add still another layer of unneeded paint simply for color's sake (extreme
changes in color may also require more than one coat to provide proper hiding
power and full color). When paint appears to be nearing the critical thickness,
a change of accent colors (that is, just to limited portions of the trim) might
be an acceptable compromise without chancing cracking and peeling of paint
on wooden siding.

If the decision to repaint is nonetheless made, the "new" color or colors
should, at a minimum, be appropriate to the style and setting of the building.
On the other hand, where the intent is to restore or accurately reproduce the
colors originally used or those from a significant period in the building's
evolution, they should be based on the results of a paint analysis.

Identification of Exterior Paint Surface Conditions/Recommended Treatments
It is assumed that a preliminary check will already have been made to determine, first, that the
painted exterior surfaces are indeed wood--and not stucco, metal, or other wood substitutes--and
second, that the wood has not decayed so that repainting would be superfluous. For example, if any
area of bare wood such as window sills has been exposed for a long period of time to standing water,
wood rot is a strong possibility. Repair or replacement of deteriorated wood should take place before
repainting. After these two basic issues have been resolved, the surface condition identification
process may commence.

The historic building will undoubtedly exhibit a variety of
exterior paint surface conditions. For example, paint on the
wooden siding and doors may be adhering firmly; paint on the
eaves peeling; and paint on the porch balusters and window sills
cracking and alligatoring. The accurate identification of each
paint problem is therefore the first step in planning an
appropriate overall solution.
Paint surface conditions can be grouped according to their
relative severity: CLASS I conditions include minor blemishes or
dirt collection and generally require no paint removal; CLASS II
conditions include failure of the top layer or layers of paint and
generally require limited paint removal; and CLASS III
conditions include substantial or multiple-layer failure and
generally require total paint removal. It is precisely because
conditions will vary at different points on the building that a
careful inspection is critical. Each item of painted exterior
woodwork (i.e., siding, doors, windows, eaves, shutters, and
decorative elements) should be examined early in the planning
phase and surface conditions noted.
CLASS I Exterior Surface Conditions Generally Requiring
No Paint Removal

The problem evidenced here by mossy
growth and deteriorated wood must be
resolved and the wood allowed to dry
out before the wood is repainted. Photo:
NPS files.

Dirt, Soot, Pollution, Cobwebs, Insect Cocoons, etc.
Cause of Condition
Environmental "grime" or organic matter that tends to cling to painted exterior surfaces and, in
particular, protected surfaces such as eaves, do not constitute a paint problem unless painted over
rather than removed prior to repainting. If not removed, the surface deposits can be a barrier to
proper adhesion and cause peeling.
Recommended Treatment
Most surface matter can be loosened by a strong, direct stream of water from the nozzle of a garden
hose. Stubborn dirt and soot will need to be scrubbed off using l/2 cup of household detergent in a
gallon of water with a medium soft bristle brush. The cleaned surface should then be rinsed
thoroughly, and permitted to dry before further inspection to determine if repainting is necessary.
Quite often, cleaning provides a satisfactory enough result to postpone repainting.
Mildew
Cause of Condition
Mildew is caused by fungi feeding on nutrients contained in the paint film or on dirt adhering to any
surface. Because moisture is the single most important factor in its growth, mildew tends to thrive in
areas where dampness and lack of sunshine are problems such as window sills, under eaves, around
gutters and downspouts, on the north side of buildings, or in shaded areas near shrubbery. It may
sometimes be difficult to distinguish mildew from dirt, but there is a simple test to differentiate: if a
drop of household bleach is placed on the suspected surface, mildew will immediately turn white
whereas dirt will continue to look like dirt.
Recommended Treatment
Because mildew can only exist in shady, warm, moist areas, attention should be given to altering the
environment that is conducive to fungal growth. The area in question may be shaded by trees which
need to be pruned back to allow sunlight to strike the building; or may lack rain gutters or proper
drainage at the base of the building. If the shady or moist conditions can be altered, the mildew is
less likely to reappear. A recommend solution for removing mildew consists of one cup nonammoniated detergent, one quart household bleach, and one gallon water. When the surface is
scrubbed with this solution using a medium soft brush, the mildew should disappear; however, for
particularly stubborn spots, an additional quart of bleach may be added. After the area is mildew-free,
it should then be rinsed with a direct stream of water from the nozzle of a garden hose, and permitted
to dry thoroughly. When repainting, specially formulated "mildew-resistant" primer and finish coats
should be used.
Excessive Chalking
Cause of Condition
Chalking--or powdering of the paint surface--is caused by the gradual disintegration of the resin in the
paint film. (The amount of chalking is determined both by the formulation of the paint and the
amount of ultraviolet light to which the paint is exposed.) In moderation, chalking is the ideal way for
a paint to "age," because the chalk, when rinsed by rainwater, carries discoloration and dirt away with
it and thus provides an ideal surface for repainting. In excess, however, it is not desirable because the
chalk can wash down onto a surface of a different color beneath the painted area and cause streaking
as well as rapid disintegration of the paint film itself. Also, if a paint contains too much pigment for
the amount of binder (as the old white lead carbonate/oil paints often did), excessive chalking can
result.

Recommended Treatment
The chalk should be cleaned off with a solution of l/2 cup household detergent to one gallon water,
using a medium soft bristle brush. After scrubbing to remove the chalk, the surface should be rinsed
with a direct stream of water from the nozzle of a garden hose, allowed to dry thoroughly, (but not
long enough for the chalking process to recur) and repainted, using a non-chalking paint.
Staining
Cause of Condition
Staining of paint coatings usually results from excess moisture reacting with materials within the
wood substrate. There are two common types of staining, neither of which requires paint removal.
The most prevalent type of stain is due to the oxidation or rusting of iron nails or metal (iron, steel, or
copper) anchorage devices. A second type of stain is caused by a chemical reaction between moisture
and natural extractives in certain woods (red cedar or redwood) which results in a surface deposit of
colored matter. This is most apt to occur in new replacement wood within the first 10-15 years.
Recommended Treatment
In both cases, the source of the stain should first be located and the moisture problem corrected.
When stains are caused by rusting of the heads of nails used to attach shingles or siding to an
exterior wall or by rusting or oxidizing iron, steel, or copper anchorage devices adjacent to a painted
surface, the metal objects themselves should be hand sanded and coated with a rust-inhibitive primer
followed by two finish coats. (Exposed nail heads should ideally be countersunk, spot primed, and the
holes filled with a high quality wood filler except where exposure of the nail head was part of the
original construction system or the wood is too fragile to withstand the countersinking procedure.)
Discoloration due to color extractives in replacement wood can usually be cleaned with a solution of
equal parts denatured alcohol and water. After the affected area has been rinsed and permitted to
dry, a "stainblocking primer" especially developed for preventing this type of stain should be applied
(two primer coats are recommended for severe cases of bleeding prior to the finish coat). Each primer
coat should be allowed to dry at least 48 hours.
CLASS II Exterior Surface Conditions Generally Requiring Limited Paint Removal
Crazing

Cause of Condition
Crazing--fine, jagged interconnected breaks in the top layer of paint--results
when paint that is several layers thick becomes excessively hard and brittle
with age and is consequently no longer able to expand and contract with the
wood in response to changes in temperature and humidity. As the wood
swells, the bond between paint layers is broken and hairline cracks appear.
Although somewhat more difficult to detect as opposed to other more obvious
paint problems, it is well worth the time to scrutinize all surfaces for crazing.
If not corrected, exterior moisture will enter the crazed surface, resulting in
further swelling of the wood and, eventually, deep cracking and alligatoring,
a Class III condition which requires total paint removal.
Recommended Treatment
Crazing can be treated by hand or mechanically sanding the surface, then
repainting. Although the hairline cracks may tend to show through the new
paint, the surface will be protected against exterior moisture penetration.

Crazing--or surface
cracking--is an exterior
surface condition which
can be successfully
treated by sanding and
painting. Photo: Courtesy,
National Decorating
Products Assocation.

Intercoat Peeling
Cause of Condition

Here, a latex top coat
was applied directly
over old oil paint,
resulting in intercoat
peeling. The latex was
unable to adhere. If
latex is used over oil, an
oil-base primer should
be applied first. Photo:
Mary L. Oehrlein, AIA.

Intercoat peeling can be the result of improper surface preparation prior to the
last repainting. This most often occurs in protected areas such as eaves and
covered porches because these surfaces do not receive a regular rinsing from
rainfall, and salts from airborne pollutants thus accumulate on the surface. If
not cleaned off, the new paint coat will not adhere properly and that layer will
peel.
Another common cause of intercoat peeling is incompatibility between paint
types. For example, if oil paint is applied over latex paint, peeling of the top
coat can sometimes result since, upon aging, the oil paint becomes harder and
less elastic than the latex paint. If latex paint is applied over old, chalking oil
paint, peeling can also occur because the latex paint is unable to penetrate
the chalky surface and adhere.

Recommended Treatment
First, where salts or impurities have caused the peeling, the affected area should be washed down
thoroughly after scraping, then wiped dry. Finally, the surface should be hand or mechanically
sanded, then repainted.
Where peeling was the result of using incompatible paints, the peeling top coat should be scraped and
hand or mechanically sanded. Application of a high quality oil type exterior primer will provide a
surface over which either an oil or a latex topcoat can be successfully used.
Solvent Blistering
Cause of Condition
Solvent blistering, the result of a less common application error, is not caused by moisture, but by the
action of ambient heat on paint solvent or thinners in the paint film. If solventrich paint is applied in
direct sunlight, the top surface can dry too quickly and, as a result, solvents become trapped beneath

the dried paint film. When the solvent vaporizes, it forces its way through the paint film, resulting in
surface blisters. This problem occurs more often with dark colored paints because darker colors
absorb more heat than lighter ones. To distinguish between solvent blistering and blistering caused by
moisture, a blister should be cut open. If another layer of paint is visible, then solvent blistering is
likely the problem whereas if bare wood is revealed, moisture is probably to blame. Solvent blisters
are generally small.
Recommended Treatment
Solvent-blistered areas can be scraped, hand or mechanically sanded to the next sound layer, then
repainted. In order to prevent blistering of painted surfaces, paint should not be applied in direct
sunlight.
Wrinkling
Cause of Condition

Another error in application that can easily be avoided is wrinkling. This
occurs when the top layer of paint dries before the layer underneath. The
top layer of paint actually moves as the paint underneath (a primer, for
example) is drying. Specific causes of wrinkling include: (1) applying
paint too thick; (2) applying a second coat before the first one dries; (3)
inadequate brushing out; and (4) painting in temperatures higher than
recommended by the manufacturer.
Recommended Treatment

Wrinkled layers can generally
be removed by scraping and
sanding as opposed to total
paint removal. Photo:
Courtesy, National Decorating
Products Association.

The wrinkled layer can be removed by scraping followed by hand or
mechanical sanding to provide as even a surface as possible, then
repainted following manufacturer's application instructions.
CLASS III Exterior Surface Conditions Generally Requiring Total
Paint Removal
If surface conditions are such that the majority of paint will have to be
removed prior to repainting, it is suggested that a small sample of intact paint be left in an
inconspicuous area either by covering the area with a metal plate, or by marking the area and
identifying it in some way. (When repainting does take place, the sample should not be painted over).
This will enable future investigators to have a record of the building's paint history.
Peeling

Peeling to bare wood is most often caused by excess interior or
exterior moisture that collects behind the paint film, thus
impairing adhesion. Generally beginning as blisters, cracking
and peeling occur as moisture causes the wood to swell,
breaking the adhesion of the bottom layer.
Recommended Treatment
There is no sense in repainting before dealing with the moisture
problems because new paint will simply fail. Therefore, the first
step in treating peeling is to locate and remove the source or
sources of the moisture, not only because moisture will
jeopardize the protective coating of paint but because, if left
unattended, it can ultimately cause permanent damage to the
wood. Excess interior moisture should be removed from the
Extensively deteriorated paint needs to be
building through installation of exhaust fans and vents. Exterior
removed to bare wood, then primed and
moisture should be eliminated by correcting the following
re-painted. Photo: NPS files.
conditions prior to repainting: faulty flashing; leaking gutters;
defective roof shingles; cracks and holes in siding and trim; deteriorated caulking in joints and seams;
and shrubbery growing too close to painted wood. After the moisture problems have been solved, the
wood must be permitted to dry out thoroughly. The damaged paint can then be scraped off with a
putty knife, hand or mechanically sanded, primed, and repainted.
Cracking/Alligatoring
Cause of Condition
Cracking and alligatoring are advanced stages of crazing. Once the bond between layers has been
broken due to intercoat paint failure, exterior moisture is able to penetrate the surface cracks,
causing the wood to swell and deeper cracking to take place.
This process continues until cracking, which forms parallel to grain, extends to bare wood. Ultimately,
the cracking becomes an overall pattern of horizontal and vertical breaks in the paint layers that looks
like reptile skin; hence, "alligatoring." In advanced stages of cracking and alligatoring, the surfaces
will also flake badly.
Recommended Treatment
If cracking and alligatoring are present only in the top layers they can probably be scraped, hand or
mechanically sanded to the next sound layer, then repainted. However, if cracking and/or alligatoring
have progressed to bare wood and the paint has begun to flake, it will need to be totally removed.
Methods include scraping or paint removal with the electric heat plate, electric heat gun, or chemical
strippers, depending on the particular area involved. Bare wood should be primed within 48 hours
then repainted.

Selecting the Appropriate/Safest Method to Remove Paint
After having presented the "hierarchy" of exterior paint surface conditions--from a mild condition such
as mildewing which simply requires cleaning prior to repainting to serious conditions such as peeling
and alligatoring which require total paint removal--one important thought bears repeating: if a paint
problem has been identified that warrants either limited or total paint removal, the gentlest method
possible for the particular wooden element of the historic building should be selected from the many
available methods.

The treatments recommended--based upon field testing as well as onsite monitoring of Department of
Interior grant-in-aid and certification of rehabilitation projects--are therefore those which take three
overriding issues into consideration (1) the continued protection and preservation of the historic
exterior woodwork; (2) the retention of the sequence of historic paint layers; and (3) the health and
safety of those individuals performing the paint removal. By applying these criteria, it will be seen
that no paint removal method is without its drawbacks and all recommendations are qualified in
varying degrees.
Methods for Removing Paint
After a particular exterior paint surface condition has been identified, the next step in planning for
repainting--if paint removal is required--is selecting an appropriate method for such removal.
The method or methods selected should be suitable for the specific paint problem as well as the
particular wooden element of the building. Methods for paint removal can be divided into three
categories (frequently, however, a combination of the three methods is used). Each method is defined
below, then discussed further and specific recommendations made:
Abrasive--"Abrading" the painted surface by manual and/or mechanical means such as scraping and
sanding. Generally used for surface preparation and limited paint removal.
Thermal--Softening and raising the paint layers by applying heat followed by scraping and sanding.
Generally used for total paint removal.
Chemical--Softening of the paint layers with chemical strippers followed by scraping and sanding.
Generally used for total paint removal.
Abrasive Methods (Manual)
If conditions have been identified that require limited paint removal such as crazing, intercoat peeling,
solvent blistering, and wrinkling, scraping and hand sanding should be the first methods employed
before using mechanical means. Even in the case of more serious conditions such as peeling--where
the damaged paint is weak and already sufficiently loosened from the wood surface --scraping and
hand sanding may be all that is needed prior to repainting.
Recommended Abrasive Methods (Manual)
Putty Knife/Paint Scraper: Scraping is usually accomplished with either a putty knife or a paint
scraper, or both. Putty knives range in width from one to six inches and have a beveled edge. A putty
knife is used in a pushing motion going under the paint and working from an area of loose paint
toward the edge where the paint is still firmly adhered and, in effect,"beveling" the remaining layers
so that as smooth a transition as possible is made between damaged and undamaged areas.
Paint scrapers are commonly available in 1-5/16, 2-1/2, and 3-1/2 inch widths and have replaceable
blades. In addition, profiled scrapers can be made specifically for use on moldings. As opposed to the
putty knife, the paint scraper is used in a pulling motion and works by raking the damaged areas of
paint away.
The obvious goal in using the putty knife or the paint scraper is to selectively remove the affected
layer or layers of paint; however, both of these tools, particularly the paint scraper with its hooked
edge, must be used with care to properly prepare the surface and to avoid gouging the wood.
Sandpaper/Sanding Block/Sanding sponge: After manually removing the damaged layer or
layers by scraping, the uneven surface (due to the almost inevitable removal of varying numbers of
paint layers in a given area) will need to be smoothed or "feathered out" prior to repainting. As stated
before, hand sanding, as opposed to harsher mechanical sanding, is recommended if the area is

relatively limited. A coarse grit, open-coat flint sandpaper--the least expensive kind--is useful for this
purpose because, as the sandpaper clogs with paint it must be discarded and this process repeated
until all layers adhere uniformly.
Blocks made of wood or hard rubber and covered with sandpaper are useful for handsanding flat
surfaces. Sanding sponges--rectangular sponges with an abrasive aggregate on their surfaces--are
also available for detail work that requires reaching into grooves because the sponge easily conforms
to curves and irregular surfaces. All sanding should be done with the grain.
Summary of Abrasive Methods (Manual)
Recommended: Putty knife, paint scraper, sandpaper, sanding block, sanding sponge.
Applicable areas of building: All areas. For use on: Class I, Class II, and Class III conditions.
Health/Safety factors: Take precautions against lead dust, eye damage; dispose of lead paint residue
properly.
Abrasive Methods (Mechanical)
If hand sanding for purposes of surface preparation has not been productive or if the affected area is
too large to consider hand sanding by itself, mechanical abrasive methods, i.e., power-operated tools
may need to be employed; however, it should be noted that the majority of tools available for paint
removal can cause damage to fragile wood and must be used with great care.
Recommended Abrasive Methods (Mechanical)
Orbital sander: Designed as a finishing or smoothing tool--not for the removal of multiple layers of
paint--the orbital sander is thus recommended when limited paint removal is required prior to
repainting. Because it sands in a small diameter circular motion (some models can also be switched to
a back-and-forth vibrating action), this tool is particularly effective for "feathering" areas where paint
has first been scraped. The abrasive surface varies from about 3x7 inches to 4x9 inches and
sandpaper is attached either by clamps or sliding clips. A medium grit, open-coat aluminum oxide
sandpaper should be used; fine sandpaper clogs up so quickly that it is ineffective for smoothing
paint.
Belt sander: A second type of power tool--the belt sander--can also be used for removing limited
layers of paint but, in this case, the abrasive surface is a continuous belt of sandpaper that travels at
high speeds and consequently offers much less control than the orbital sander. Because of the
potential for more damage to the paint or the wood, use of the belt sander (also with a medium grit
sandpaper) should be limited to flat surfaces and only skilled operators should be permitted to
operate it within a historic preservation project.
Not Recommended
Rotary Drill Attachments: Rotary drill attachments such as the rotary sanding disc and the rotary
wire stripper should be avoided. The disc sander--usually a disc of sandpaper about 5 inches in
diameter secured to a rubber based attachment which is in turn connected to an electric drill or other
motorized housing--can easily leave visible circular depressions in the wood which are difficult to hide,
even with repainting. The rotary wire stripper--clusters of metals wires similarly attached to an
electric drill-type unit--can actually shred a wooden surface and is thus to be used exclusively for
removing corrosion and paint from metals.
Waterblasting: Waterblasting above 600 p.s.i. to remove paint is not recommended because it can
force water into the woodwork rather than cleaning loose paint and grime from the surface; at worst,
high pressure waterblasting causes the water to penetrate exterior sheathing and damages interior

finishes. A detergent solution, a medium soft bristle brush, and a garden hose for purposes of rinsing,
is the gentlest method involving water and is recommended when cleaning exterior surfaces prior to
repainting.
Sandblasting: Finally--and undoubtedly most vehemently "not recommended"--sandblasting painted
exterior woodwork will indeed remove paint, but at the same time can scar wooden elements beyond
recognition. As with rotary wire strippers, sandblasting erodes the soft porous fibers (spring wood)
faster than the hard, dense fibers (summer wood), leaving a pitted surface with ridges and valleys.
Sandblasting will also erode projecting areas of carvings and moldings before it removes paint from
concave areas. Hence, this abrasive method is potentially the most damaging of all possibilities, even
if a contractor promises that blast pressure can be controlled so that the paint is removed without
harming the historic exterior woodwork. (For Additional Information, See Preservation Briefs 6,
"Dangers of Abrasive Cleaning to Historic Buildings".)
Summary of Abrasive Methods (Mechanical)
Recommended: Orbital sander, belt sander (skilled operator only).
Applicable areas of building: Flat surfaces, i.e., siding, eaves, doors, window sills.
For use on: Class II and Class III conditions.
Health/Safety factors: Take precautions against lead dust and eye damage; dispose of lead paint
residue properly.
Not Recommended: Rotary drill attachments, high pressure waterblasting, sandblasting.
Thermal Methods
Where exterior surface conditions have been identified that warrant total paint removal such as
peeling, cracking, or alligatoring, two thermal devices--the electric heat plate and the electric heat
gun--have proven to be quite successful for use on different wooden elements of the historic building.
One thermal method--the blow torch--is not recommended because it can scorch the wood or even
burn the building down!
Recommended Thermal Methods

Electric heat plate: The electric heat plate operates between
500 and 800 degrees Fahrenheit (not hot enough to vaporize
lead paint), using about 15 amps of power. The plate is held
close to the painted exterior surface until the layers of paint
begin to soften and blister, then moved to an adjacent location
on the wood while the softened paint is scraped off with a putty
knife (it should be noted that the heat plate is most successful
when the paint is very thick!). With practice, the operator can
successfully move the heat plate evenly across a flat surface
such as wooden siding or a window sill or door in a continuous
motion, thus lessening the risk of scorching the wood in an
attempt to reheat the edge of the paint sufficiently for effective
A heat plate was used on the cornice to
removal. Since the electric heat plate's coil is "red hot," extreme
remove paint. Photo: NPS files.
caution should be taken to avoid igniting clothing or burning the
skin. If an extension cord is used, it should be a heavy-duty cord
(with 3-prong grounded plugs). A heat plate could overload a circuit or, even worse, cause an
electrical fire; therefore, it is recommended that this implement be used with a single circuit and that
a fire extinguisher always be kept close at hand.

Electric heat gun: The electric heat gun (electric hot-air gun) looks like a hand-held hairdryer with a
heavy-duty metal case. It has an electrical resistance coil that typically heats between 500 and 750
degrees Fahrenheit and, again, uses about 15 amps of power which requires a heavy-duty extension
cord. There are some heat guns that operate at higher temperatures but they should not be
purchased for removing old paint because of the danger of lead paint vapors.

The temperature is controlled by a vent on the side of the heat gun.
When the vent is closed, the heat increases. A fan forces a stream of
hot air against the painted woodwork, causing a blister to form. At
that point, the softened paint can be peeled back with a putty knife. It
can be used to best advantage when a paneled door was originally
varnished, then painted a number of times. In this case, the paint will
come off quite easily, often leaving an almost pristine varnished
surface behind. Like the heat plate, the heat gun works best on a
heavy paint buildup. (It is, however, not very successful on only one
or two layers of paint or on surfaces that have only been varnished.
The varnish simply becomes sticky and the wood scorches.)

The nozzle on the electric heat
gun permits hot air to be aimed
into cavities on solid decorative
surfaces, such as this carriage
house door. After the paint has
been sufficiently softened, it can
be carefully removed with a
scraper. Photo: NPS files.

Although the heat gun is heavier and more tiring to use than the heat
plate, it is particularly effective for removing paint from detail work
because the nozzle can be directed at curved and intricate surfaces.
Its use is thus more limited than the heat plate, and most successfully
used in conjunction with the heat plate. For example, it takes about
two to three hours to strip a paneled door with a heat gun, but if used in combination with a heat
plate for the large, flat area, the time can usually be cut in half. Although a heat gun seldom scorches
wood, it can cause fires (like the blow torch) if aimed at the dusty cavity between the exterior
sheathing and siding and interior lath and plaster. A fire may smolder for hours before flames break
through to the surface. Therefore, this thermal device is best suited for use on solid decorative
elements, such as molding, balusters, fretwork, or "gingerbread."
Not Recommended
Blow Torch: Blow torches, such as hand-held propane or butane torches, were widely used in the
past for paint removal because other thermal devices were not available. With this technique, the
flame is directed toward the paint until it begins to bubble and loosen from the surface. Then the
paint is scraped off with a putty knife. Although this is a relatively fast process, at temperatures
between 3200 and 3800 degrees Fahrenheit the open flame is not only capable of burning a careless
operator and causing severe damage to eyes or skin, it can easily scorch or ignite the wood. The
other fire hazard is more insidious. Most frame buildings have an air space between the exterior
sheathing and siding and interior lath and plaster. This cavity usually has an accumulation of dust
which is also easily ignited by the open flame of a blow torch. Finally, leadbase paints will vaporize at
high temperatures, releasing toxic fumes that can be unknowingly inhaled. Therefore, because both
the heat plate and the heat gun are generally safer to use--that is, the risks are much more
controllable--the blow torch should definitely be avoided!
Summary of Thermal Methods
Recommended: Electric heat plate, electric heat gun.
Applicable areas of building: Electric heat plate--flat surfaces such as siding, eaves, sash, sills, doors.
Electric heat gun--solid decorative molding, balusters, fretwork, or "gingerbread."
For use on: Class III conditions.
Health/Safety factors: Take precautions against eye damage and fire. Dispose of lead paint residue
properly.

Not Recommended: Blow torch.
Chemical Methods
With the availability of effective thermal methods for total paint removal, the need for chemical
methods--in the context of preparing historic exterior woodwork for repainting--becomes quite
limited. Solvent-base or caustic strippers may, however, play a supplemental role in a number of
situations, including:
•
•
•
•

Removing paint residue from intricate decorative features, or in cracks or hard to reach areas
if a heat gun has not been completely effective;
Removing paint on window muntins because heat devices can easily break the glass;
Removing varnish on exterior doors after all layers of paint have been removed by a heat
plate/heat gun if the original varnish finish is being restored;
Removing paint from detachable wooden elements such as exterior shutters, balusters,
columns, and doors by dip stripping when other methods are too laborious.

Recommended Chemical Methods
(Use With Extreme Caution)
Because all chemical paint removers can involve potential health and safety hazards, no wholehearted
recommendations can be made from that standpoint. Commonly known as "paint removers" or
"strippers," both solvent-base or caustic products are commercially available that, when poured,
brushed, or sprayed on painted exterior woodwork are capable of softening several layers of paint at
a time so that the resulting "sludge"--which should be remembered is nothing less than the sequence
of historic paint layers--can be removed with a putty knife. Detachable wood elements such as
exterior shutters can also be "dip-stripped."
Solvent-base Strippers: The formulas tend to vary, but generally consist of combinations of organic
solvents such as methylene chloride, isopropanol, toluol, xylol, and methanol; thickeners such as
methyl cellulose; and various additives such as paraffin wax used to prevent the volatile solvents from
evaporating before they have time to soak through multiple layers of paint. Thus, while some solventbase strippers are quite thin and therefore unsuitable for use on vertical surfaces, others, called
"semi-paste" strippers, are formulated for use on vertical surfaces or the underside of horizontal
surfaces.
However, whether liquid or semi-paste, there are two important points to stress when using any
solvent-base stripper: First, the vapors from the organic chemicals can be highly toxic if inhaled; skin
contact is equally dangerous because the solvents can be absorbed; second, many solvent-base
strippers are flammable. Even though application out-of-doors may somewhat mitigate health and
safety hazards, a respirator with special filters for organic solvents is recommended and, of course,
solvent-base strippers should never be used around open flames, lighted cigarettes, or with steel wool
around electrical outlets.
Although appearing to be the simplest for exterior use, a particular type of solvent-base stripper
needs to be mentioned here because it can actually cause the most problems. Known as "waterrinsable," such products have a high proportion of methylene chloride together with emulsifiers.
Although the dissolved paint can be rinsed off with water with a minimum of scraping, this ultimately
creates more of a problem in cleaning up and properly disposing of the sludge. In addition, these
strippers can leave a gummy residue on the wood that requires removal with solvents. Finally, waterrinsable strippers tend to raise the grain of the wood more than regular strippers.
On balance, then, the regular strippers would seem to work just as well for exterior purposes and are
perhaps even better from the standpoint of proper lead sludge disposal because they must be hand
'scraped as opposed to rinsed off (a coffee-can with a wire stretched across the top is one effective
way to collect the sludge; when the putty knife is run across the wire, the sludge simply falls into the

can. Then, when the can is filled, the wire is removed, the can capped, and the lead paint sludge
disposed of according to local health regulations).
Caustic strippers: Until the advent of solvent-base strippers, caustic strippers were used exclusively
when a chemical method was deemed appropriate for total paint removal prior to repainting or
refinishing. Now, it is more difficult to find commercially prepared caustic solutions in hardware and
paint stores for homeowner use with the exception of lye (caustic soda) because solvent-base
strippers packaged in small quantities tend to dominate the market.
Most commercial dip stripping companies, however, continue to use variations of the caustic bath
process because it is still the cheapest method available for removing paint. Generally, dip stripping
should be left to professional companies because caustic solutions can dissolve skin and permanently
damage eyes as well as present serious disposal problems in large quantities.
If exterior shutters or other detachable elements are being sent out for stripping in a caustic solution,
it is wise to see samples of the company's finished work. While some companies do a first-rate job,
others can leave a residue of paint in carvings and grooves. Wooden elements may also be soaked
too long so that the wood grain is raised and roughened, requiring extensive hand sanding later. In
addition, assurances should be given by these companies that caustic paint removers will be
neutralized with a mild acid solution or at least thoroughly rinsed with water after dipping (a caustic
residue makes the wood feel slippery). If this is not done, the lye residue will cause new paint to fail.
Summary of Chemical Methods
Recommended, with extreme caution: Solvent-base strippers, caustic strippers.
Applicable areas of buildings: decorative features, window muntins, doors, exterior shutters, columns,
balusters, and railings.
For use on: Class III Conditions.
Health/Safety factors: Take precautions against inhaling toxic vapors; fire; eye damage; and chemical
poisoning from skin contact. Dispose of lead residue properly

General Paint Type Recommendations

Based on the assumption that the exterior wood has been painted
with oil paint many times in the past and the existing top coat is
therefore also an oil paint, it is recommended that for CLASS I
and CLASS II paint surface conditions, a top coat of high quality
oil paint be applied when repainting. The reason for
recommending oil rather than latex paints is that a coat of latex
paint applied directly over old oil paint is more apt to fail. The
considerations are twofold. First, because oil paints continue to
harden with age, the old surface is sensitive to the added stress
of shrinkage which occurs as a new coat of paint dries. Oil paints
shrink less upon drying than latex paints and thus do not have as
great a tendency to pull the old paint loose. Second, when
Decorative features were painted with
a traditional oil-based paint as a part of exterior oil paints age, the binder releases pigment particles,
the rehabilitation. Photo: NPS files.
causing a chalky surface. Although for best results, the chalk (or
dirt, etc.) should always be cleaned off prior to repainting, a coat
of new oil paint is more able to penetrate a chalky residue and adhere than is latex paint. Therefore,
unless it is possible to thoroughly clean a heavily chalked surface, oil paints--on balance--give better
adhesion.

If however, a latex top coat is going to be applied over several layers of old oil paint, an oil primer
should be applied first (the oil primer creates a flat, porous surface to which the latex can adhere).
After the primer has thoroughly dried, a latex top coat may be applied. In the long run, changing
paint types is more time consuming and expensive. An application of a new oil-type top coat on the
old oil paint is, thus, the preferred course of action.
If CLASS III conditions have necessitated total paint removal, there are two options, both of which
assure protection of the exterior wood: (1) an oil primer may be applied followed by an oil-type top
coat, preferably by the same manufacturer; or (2) an oil primer may be applied followed by a latex
top coat, again using the same brand of paint. It should also be noted that primers were never
intended to withstand the effects of weathering; therefore, the top coat should be applied as soon as
possible after the primer has dried.

CONCLUSION
The recommendations outlined in this Brief are cautious because at present there is no completely
safe and effective method of removing old paint from exterior woodwork. This has necessarily
eliminated descriptions of several methods still in a developmental or experimental stage, which can
therefore neither be recommended nor precluded from future recommendation. With the everincreasing number of buildings being rehabilitated, however, paint removal technology should be
stimulated and, in consequence, existing methods refined and new methods developed which will
respect both the historic wood and the health and safety of the operator.

Reading List
Batcheler, Penelope Hartshorne, "Paint Color Research and Restoration." Technical Leaflet 15.
Nashville: American Association for State and Local History (undated).
"Danger: Restoration May Be Hazardous to Your Health." The Old House Journal. Vol. 4, No. 5 (May
1976), pp. 911.
Gola, Edward F. "Avoiding Mistakes in Exterior Painting." The Old House Journal. Vol. 4, No. 6 (June
1976), pp. 1, 45.
"How to Assure a Satisfactory Paint Job." Scientific Section: Circular 784. Washington, DC: National
Paint, Varnish and Lacquer Association (undated).
Labine, Clem. "Selecting the Best Exterior Paint." The Old House Journal. Vol. 4, No. 7 (July 1976),
pp. 1, 1011.
Morton, W. Brown III and Hume, Gary L. The Secretary of the Interior's Standards for Historic
Preservation Projects with Guidelines for Applying the Standards. Washington, DC: Department of
Interior, 1979.
Paint Problem Solver. St. Louis: National Decorating Products Association, 1980.
"Special Issue: Exterior Painting." The Old House Journal. Vol. 4, No. 4 (April 1981), pp. 7194.
Thorsen, John W. "Hazardous Waste: What is it? How to Handle it." Professional Decorating & Coating
Action. Vol. 43, No. 4 (September 1981), pp. 45.
Acknowledgements

Special thanks go to Baird M. Smith, AIA (formerly Chief, Preservation Technology Branch, TPS) for providing general direction in the
development of the manuscript. In addition, the following individuals are to be thanked for their contributions as technical experts in the
field: Royal T. Brown, National Paint and Coatings Association, Washington, D.C.; Dr. Judith E. Selwyn, Preservation Technology
Associates, Boston, Massachusetts; and Dennis R. Vacca, Pratt & Lambert Co., Carlstadt, New Jersey. Finally, thanks go to several
National Park Service staff members whose valuable comments were incorporated into the text and who contributed to the production
of the brief: James A. Caufield, Anne E. Grimmer, Jean E. Travers, David G. Battle, Sharon C. Park, AIA, Charles E. Fisher III, Sara K.
Blumenthal, and Martha A. Gutrick. The peeling paint photo used as the logo is provided, courtesy, John Leeke, Preservation Consultant,
2001, and is copyrighted.
Washington, D.C.

September, 1982

Home page logo: Peeling paint on historic wood siding. Photo: ©John Leeke, 2002.

This publication has been prepared pursuant to the National Historic Preservation Act of 1966, as amended, which directs the Secretary
of the Interior to develop and make available information concerning historic properties. Technical Preservation Services (TPS), Heritage
Preservation Services Division, National Park Service prepares standards, guidelines, and other educational materials on responsible
historic preservation treatments for a broad public.

Order Brief | Technical Preservation Services | Preservation Briefs | Search | Questions/Answers

KDW

19
The Repair and Replacement
of Historic Wooden Shingle Roofs
Sharon C. Park, AIA

»Wooden Shingle Roofs in America
»Replacing Deteriorated Roofs to Match
»Specifications for the Replacement Roof
»Roofing Practices to Avoid
»Maintenance
»Conclusion
A NOTE TO OUR USERS: The web versions of the Preservation Briefs differ somewhat from the printed versions.
Many illustrations are new, captions are simplified, illustrations are typically in color rather than black and white, and
some complex charts have been omitted.

The Secretary of the Interior's "Standards for Rehabilitation" call for the repair or
replacement of missing architectural features "based on accurate duplication of features,
substantiated by historic, physical, or pictorial evidence rather than on conjectural
designs." On a wooden shingle roof, it is important not only to match the size, shape,
texture, and configuration of historic shingles, but also to match the craftsmanship and
details that characterize the historic roof. Proper installation and maintenance will extend
the life of the new roof.
Wooden shingle roofs are important elements of many historic buildings. The
special visual qualities imparted by both the historic shingles and the installation
patterns should be preserved when a wooden shingle roof is replaced. This requires an
understanding of the size, shape, and detailing of the historic shingle and the method of
fabrication and installation. These combined to create roofs expressive of particular
architectural styles, which were often influenced by regional craft practices. The use of
wooden shingles from the early settlement days to the present illustrates an
extraordinary range of styles.

Readily available and inexpensive sawn shingles
were used not only for roofs, but for gables and
wall surfaces. Photo: Lane County Historical
Society.

Wooden shingle roofs need periodic
replacement. They can last from 15 to over
60 years, but the shingles should be replaced
before there is deterioration of other wooden
components of the building. Appropriate
replacement shingles are available, but
careful research, design, specifications, and
the selection of a skilled roofer are necessary
to assure a job that will both preserve the
appearance of the historic building and
extend the useful life of the replacement
roof.

Unfortunately, the wrong shingles are often
selected or are installed in a manner
incompatible with the appearance of the historic roof. There are a number of reasons
why the wrong shingles are selected for replacement roofs. They include the failure to
identify the appearance of the original shingles; unfamiliarity with available products; an
inadequate budget, or a confusion in terminology. In any discussion about historic
roofing materials and practices, it is important to understand the historic definitions of
terms like "shingles," as well as the modern definitions or use of those terms by
craftsmen and the industry. Historically, from the first buildings in America, these
wooden roofing products were called shingles, regardless of whether they were the
earliest handsplit or the later machine-sawn type. The term shake is a relatively recent
one and today is used by the industry to distinguish the sawn products from the split
products, but through most of our building history there has been no such distinction.
Considering the confusion among architects and others regarding these terms as they
relate to the appearance of early roofs, it should be stated that there is a considerable
body of documentary information about historic roofing practices and materials in this
country, and that many actual specimens of historic shingles from various periods and
places have been collected and preserved so that their historic appearances are well
established. Essentially, the rustic looking shake that we see used so much today has
little in common with the shingles that were used on most of our early buildings in
America.
Throughout this Brief, the term shingle will be used to refer to historic wooden roofs in
general, whether split or sawn, and the term shake will be used only when it refers to a
commercially available product. The variety and complexity of terminology used for
currently available products will be seen in the accompanying chart entitled "Shingles
and Shakes."
This Brief discusses what to look for in historic wooden shingle roofs and when to replace
them. It discusses ways to select or modify modern products to duplicate the
appearance of a historic roof, offers guidance on proper installation, and provides
information on coatings and maintenance procedures to help preserve the new roof.(1)

Wooden Shingle Roofs in America
Because trees were plentiful from the earliest settlement days, the use of wood for all
aspects of construction is not surprising. Wooden shingles were lightweight, made with
simple tools, and easily installed. Wooden shingle roofs were prevalent in the Colonies,
while in Europe at the same time, thatch, slate and tile were the prevalent roofing
materials.

Distinctive roofing patterns exist in various
regions of the country that were settled by the
English, Dutch, Germans, and Scandinavians.
These patterns and features include the size,
shape and exposure length of shingles, special
treatments such as swept valleys, combed
ridges, and decorative butt end or long sidelapped beveled handsplit shingles. Such features
impart a special character to each building, and
prior to any restoration or rehabilitation project
the physical and photographic evidence should
be carefully researched in order to document the
historic building as much as possible. Care
should be taken not to assume that aged or
deteriorated shingles in photographs represent
the historic appearance.

With the popularity of the revival of historic
styles in the late 19th and early 20th
centuries, a new technique was developed
to imitate English thatch roofs. Photo: C.H.
Roofing.

Shingle Fabrication. Historically wooden
shingles were usually thin (3/8"3/4"), relatively narrow (3"8"), of varying length
(14"36"), and almost always smooth. The traditional method for making wooden
shingles in the 17th and 18th centuries was to handsplit them from log sections known
as bolts. These bolts were quartered or split into wedges. A mallet and froe (or ax) were
used to split or rive out thin planks of wood along the grain. If a tapered shingle was
desired, the bolt was flipped after each successive strike with the froe and mallet. The
wood species varied according to available local woods, but only the heartwood, or inner
section, of the log was usually used. The softer sapwood generally was not used because
it deteriorated quickly. Because handsplit shingles were somewhat irregular along the
split surface, it was necessary to dress or plane the shingles on a shavinghorse with a
draw-knife or draw-shave to make them fit evenly on the roof. This reworking was
necessary to provide a tight-fitting roof over typically open shingle lath or sheathing
boards. Dressing, or smoothing of shingles, was almost universal, no matter what wood
was used or in what part of the country the building was located, except in those cases
where a temporary or very utilitarian roof was needed.
Shingle fabrication was revolutionized in the early 19th century by steam-powered saw
mills. Shingle mills made possible the production of uniform shingles in mass quantities.
The sawn shingle of uniform taper and smooth surface eliminated the need to hand
dress. The supply of wooden shingles was therefore no longer limited by local factors.
These changes coincided with (and in turn increased) the popularity of architectural
styles such as Carpenter Gothic and Queen Anne that used shingles to great effect.
Handsplit shingles continued to be used in many places well after the introduction of
machine sawn shingles. There were, of course, other popular roofing materials, and
some regions rich in slate had fewer examples of wooden shingle roofs. Some western
"boom" towns used sheet metal because it was light and easily shipped. Slate,
terneplate, and clay tile were used on ornate buildings and in cities that limited the use
of flammable wooden shingles. Wooden shingles, however, were never abandoned. Even
in the 20th century, architectural styles such as the Colonial Revival and Tudor Revival,
used wooden shingles.
Modern wooden shingles, both sawn and split, continue to be made, but it is important
to understand how these new products differ from the historic ones and to know how
they can be modified for use on historic buildings. Modern commercially available shakes
are generally thicker than the historic handsplit counterpart and are usually left
"undressed" with a rough, corrugated surface. The rough surface shake, furthermore, is
often promoted as suitable for historic preservation projects because of its rustic
appearance. It is an erroneous assumption that the more irregular the shingle, the more
authentic or "historic" it will appear.

Historic Detailing and Installation Techniques. While the size, shape and finish of
the shingle determine the roof's texture and scale, the installation patterns and details
give the roof its unique character. Many details reflect the craft practices of the builders
and the architectural style prevalent at the time of construction. Other details had
specific purposes for reducing moisture penetration to the structure. In addition to the
most visible aspects of a shingle roof, the details at the rake boards, eaves, ridges, hips,
dormers, cupolas, gables, and chimneys should not be overlooked.

The way the shingles were laid was often based on
functional and practical needs. Because a roof is the
most vulnerable element of a building, many of the
roofing details that have become distinctive features
were first developed simply to keep water out. Roof
combs on the windward side of a roof protect the
ridge line. Wedges, or cant strips, at dormer cheeks
roll the water away from the vertical wall. Swept
valleys and fanned hips keep the grain of the wood in
the shingle parallel to the angle of the building joint
to aid water runoff. The slight projection of the
shingles at the eaves directs the water runoff either
The long, biaxially tapered handsplit
into a gutter or off the roof away from the exterior
shingles are overlapped both vertically
wall. These details varied from region to region and
and horizontally. Photo: NPS files.
from style to style. They can be duplicated even with
the added protection of modern flashing.
In order to have a weathertight roof, it was important to have adequate coverage,
proper spacing of shingles, and straight grain shingles. Many roofs were laid on open
shingle lath or open sheathing boards. Roofers typically laid three layers of shingles with
approximately 1/3 of each shingle exposed to the weather. Spaces between shingles
(1/8"1/2" depending on wood type) allowed the shingles to expand when wet. It was
important to stagger each overlapping shingle by a minimum of 11/2" to avoid a direct
path for moisture to penetrate a joint. Doubling or tripling the starter course at the eave
gave added protection to this exposed surface. In order for the roof to lay as flat as
possible, the thickness, taper and surface of the shingles was relatively uniform; any
unevenness on handsplit shingles had already been smoothed away with a draw-knife.
To keep shingles from curling or cupping, the shingle width was generally limited to less
than 10".
Not all shingles were laid in evenly spaced, overlapping, horizontal rows. In various
regions of the country, there were distinct installation patterns; for example, the
biaxially-tapered long shingles occasionally found in areas settled by the Germans.
These long shingles were overlapped on the side as well as on top. This formed a
ventilation channel under the shingles that aided drying. Because ventilation of the
shingles can prolong their life, roofers paid attention to these details.
Early roofers believed that applied coatings would protect the wood and prolong the life
of the roof. In many cases they did; but in many cases, the shingles were left to weather
naturally and they, too, had a long life. Eighteenth-century coatings included a pine pitch
coating not unlike turpentine, and boiled linseed oil or fish oil mixed with oxides, red
lead, brick dust, or other minerals to produce colors such as yellow, Venetian red,
Spanish brown, and slate grey. In the 19th century, in addition to the earlier colors,
shingles were stained or painted to complement the building colors: Indian red,
chocolate brown, or brown-green. During the Greek Revival and later in the 20th century
with other revival styles, green was also used. Untreated shingles age to a silver-grey or
soft brown depending on the wood species.

The craft traditions of the builders often played an important role in the final appearance
of the building. These elements, different on each building, should be preserved in a reroofing project.

Replacing Deteriorated Roofs: Matching the Historic Appearance
Historic wooden roofs using straight edge-grain heartwood shingles have been known to
last over sixty years. Fifteen to thirty years, however, is a more realistic lifespan for
most premium modern wooden shingle roofs.
Contributing factors to deterioration include
the thinness of the shingle, the durability of
the wood species used, the exposure to the
sun, the slope of the roof, the presence of
lichens or moss growing on the shingle, poor
ventilation levels under the shingle or in the
roof, the presence of overhanging tree limbs,
pollutants in the air, the original installation
method, and the history of the roof
maintenance. Erosion of the softer wood
within the growth rings is caused by
rainwater, wind, grit, fungus and the
breakdown of cells by ultraviolet rays in
These weathered historic 19th-century handsplit sunlight. If the shingles cannot adequately
and dressed shingles were found in place under
dry between rains, if moss and lichens are
a later altered roof. See also, below. Photo: John
allowed to grow, or if debris is not removed
Ingle.
from the roof, moisture will be held in the
wood and accelerate deterioration. Moisture trapped under the shingle, condensation, or
poorly ventilated attics will also accelerate deterioration.
In addition to the eventual deterioration of wooden shingles, impact from falling
branches and workmen walking on the roof can cause localized damage. If, however,
over 20% of the shingles on any one surface appear eroded, cracked, cupped or split, or
if there is evidence of pervasive moisture damage in the attic, replacement should be
considered. If only a few shingles are missing or damaged, selective replacement may
be possible. For limited replacement, the old shingle is removed and a new shingle can
be inserted and held in place with a thin metal tab, or "babbie." This reduces disturbance
to the sound shingles above. In instances where a few shingles have been cracked or the
joint of overlapping shingles is aligned and thus forms a passage for water penetration, a
metal flashing piece slipped under the shingle can stop moisture temporarily. If moisture
is getting into the attic, repairs must be made quickly to prevent deterioration of the roof
structural framing members.
When damage is extensive, replacement of the shingles will be necessary, but the
historic sheathing or shingle lath under the shingles may be in satisfactory condition.
Often, the historic sheathing or shingle laths, by their size, placement, location of early
nail holes, and water stain marks, can give important information regarding the early
shingles used. Before specifying a replacement roof, it is important to establish the
original shingle material, configuration, detailing and installation. If the historic shingles
are still in place, it is best to remove several to determine the size, shape, exposure
length, and special features from the unweathered portions. If there are already
replacement shingles on the roof, it may be necessary to verify through photographic or
other research whether the shingles currently on the roof were an accurate replacement
of the historic shingles.

The following information is needed in order to
develop accurate specifications for a replacement
shingle:
Original wood type (White Oak, Cypress, Eastern
White Pine, Western, Red Cedar, etc.)
Size of shingle (length, width, butt thickness,
taper)
Exposure length and nailing pattern (amount of
exposure, placement and type of nails)
Type of fabrication (sawn, handsplit, dressed,
beveled, etc.)

The replacement shingles matched the
historic shingles and were of such high
quality that little hand dressing was
needed at the site. Photo: John Ingle.

Distinctive details (hips, ridges, valleys, dormers, etc.)
Decorative elements (trimmed butts, variety of pattern, applied color coatings,
exposed nails)
Type of substrate (open shingle lath or sheathing, closed sheathing, insulated attics,
sleepers, etc.)
Replacement roofs must comply with local codes which may require, for example, the
use of shingles treated with chemicals or pressure-impregnated salts to retard fire.
These requirements can usually be met without long-term visual effects on the
appearance of the replacement roof.
The accurate duplication of a wooden shingle roof will help ensure the preservation of
the building's architectural integrity. Unfortunately, the choice of an inappropriate
shingle or poor installation can severely detract from the building's historic appearance.
There are a number of commercially available wooden roofing products as well as
custom roofers who can supply specially-made shingles for historic preservation
projects. Unless restoration or reconstruction is being undertaken, shingles that match
the visual appearance of the historic roof without replicating every aspect of the original
shingles will normally suffice. For example, if the historic wood species is no longer
readily available, Western Red Cedar or Eastern White Pine may be acceptable. Or, if the
shingles are located high on a roof, sawn shingles or commercially available shakes with
the rustic faces factory-sawn off may adequately reproduce the appearance of an historic
handsplit and dressed shingle.
There will always be certain features, however, that are so critical to the building's
character that they should be accurately reproduced. Following is guidance on matching
the most important visual elements.
Highest Priority in Replacement Shingles:
* best quality wood with a similar surface texture
* matching size and shape: thickness, width, length
* matching installation pattern: exposure length, overlap, hips, ridges, valleys, etc.
* matching decorative features: fancy butts, color, exposed nails

Areas of Acceptable Differences:
* species of wood
* method of fabrication of shingle, if visual appearance matches
* use of fire retardants, or preservative treatments, if visual impact is minimal
* use of modern flashing, if sensitively installed
* use of small sleepers for ventilation, if the visual impact is minimal and rake boards
are sensitively treated
* method of nailing, if the visual pattern matches
Treatments and Materials to Avoid:
* highly textured wood surfaces and irregular butt ends, unless documented
* standardized details (prefab hips, ridges, panels, etc.) unless documented
* too wide shingles or those with flat grain (which may curl), unless documented
What is Currently Available
Types of Wood: Western Red Cedar, Eastern White Pine, and White Oak are most
readily available today. For custom orders, cypress, red oak, and a number of other
historically used woods may still be available. Some experiments using nontraditional
woods (such as yellow pine and hemlock) treated with preservative chemicals are being
tested for the new construction market, but are generally too thick, curl too easily, or
have too pronounced a grain for use on historic buildings.
Method of manufacture: Commercially available modern shingles and shakes are for
the most part machine-made. While commercially available shakes are promoted by the
industry as handsplit, most are split by machine (this reduces the high cost of hand
labor). True handsplit shingles, made the traditional way with a froe and mallet, are
substantially more expensive, but are more authentic in appearance than the rough,
highly textured machine-split shakes. An experienced shingler can control the thickness
of the handsplit shingle and keep the shingle surface grain relatively even. To have an
even roof installation, it is important to have handsplit shingles of uniform taper and to
have less than 1/8th variation across the surface of the shingle. For that reason, it is
important to dress the shingles or to specify uniform butt thickness, taper, and surfaces.
Commercially available shakes are shipped with a range of butt sizes within a bundle
(e.g., «", 5/8", 3/4" as a mix) unless otherwise specified. Commercially available shakes
with the irregular surfaces sawn off are also available. In many cases, except for the
residual circular saw marks, these products appear not unlike a dressed handsplit
shingle.
Sawn shingles are still made much the same way as they were historically--using a
circular saw. The circular saw marks are usually evident on the surface of most sawn
shingles. There are a number of grooved, striated, or steamed shingles of the type used
in the 20th century to effect a rustic or thatched appearance. Custom sawn shingles with
fancy butts or of a specified thickness are still available through mill shops. In fact,
shingles can be fabricated to the weathered thickness in order to be integrated into an
existing historic roof. If sawn shingles are being used as a substitute for dressed
handsplit shingles, it may be desirable to belt sand the surface of the sawn shingles to

reduce the prominence of the circular saw marks.
As seen from the Shingle and Shake chart, few of the commercially available shakes can
be used without some modification or careful specification. Some, such as heavy shakes
with a corrugated face, should be avoided altogether. While length, width, and butt
configuration can be specified, it is more difficult to ensure that the thickness and the
texture will be correct. For that reason, whatever shingle or shake is desired, it is
important to view samples, preferably an entire bundle, before specifying or ordering. If
shingles are to be trimmed at the site for special conditions, such as fanned hips or
swept valleys, additional shingles should be ordered.
Coatings and Treatments: Shingles are treated to obtain a fire-retardant rating; to
add a fungicide preservative (generally toxic); to revitalize the wood with a penetrating
stain (oil as well as water based); and to give color.
While shingles can be left untreated, local codes may require that only fire-retardant
shingles be used. In those circumstances, there are several methods of obtaining rated
shingles (generally class "B" or "C"). The most effective and longest lasting treatment is
to have treated salts pressure-impregnated into the wood cells after the shingles have
been cut. Another method (which must be periodically renewed) is to apply chemicals to
the surface of the shingles. If treated shingles need trimming at the site, it is important
to check with the manufacturer to ensure that the fire-retardant qualities will not be lost.
Pressure-impregnated shingles, however, may usually be trimmed without loss of fireretardant properties.
The life of a shingle roof can be drastically shortened if moss, lichens, fungi or bacterial
spores grow on the wood. Fungicides (such as chromated copper arsenate, CCA) have
been found to be effective in inhibiting such fungal growth, but most are toxic. Red
cedar has a natural fungicide in the wood cells and unless the shingles are used in
unusually warm, moist environments, or where certain strains of spores are found, an
applied fungicide is usually not needed. For most woods, the Forest Products Laboratory
of the U.S. Department of Agriculture has found that fungicides do extend the life of the
shingles by inhibiting growth on or in the wood. There are a variety available. Care
should be taken in applying these chemicals and meeting local code requirements for
proper handling.
Penetrating stains and water repellent sealers are sometimes recommended to revitalize
wood shingles subject to damage by ultraviolet rays. Some treatments are oil-borne,
some are waterborne, and some are combined with a fungicide or a water repellent. If
any of these treatments is to be used, they should be identified as part of the
specifications. Manufacturers should be consulted regarding the toxicity or other
potential complications arising from the use of a product or of several in combination. It
is also important not to coat the shingles with vapor impermeable solutions that will trap
moisture within the shingle and cause rotting from beneath.

Specifications for the Replacement Roof

Specifications and roofing details should be developed for
each project. Standard specifications may be used as a basic
format, but they should be modified to reflect the conditions
of each job. Custom shingles can still be ordered that
accurately replicate a historic roof, and if the roof is simple,
an experienced shingler could install it without complicated
instructions. Most rehabilitation projects will involve
competitive bidding, and each contractor should be given
very specific information as to what type of shingles are
required and what the installation details should be. For that
reason, both written specifications and detailed drawings
should be part of the construction documents.

New rounded butt sawn
shingles, with a smooth finish
and red oxide stain, were
used to replace the
deteriorated shingles. The
varying widths, between 4"
and 7" will keep them from
curling and cupping.
Exposure length was
determined from historic nail
patterns on the historic
spaced sheathing below.
Photo: NPS files.

For particularly complex jobs, it may be appropriate to
indicate that only roofing contractors with experience in
historic preservation projects be considered. By prequalifying
the bidders, there is greater assurance that a proper job will
be done. For smaller jobs, it is always recommended that
the owner or architect find a roofing contractor who has
recently completed a similar project and that the roofers are
similarly experienced.

Specifications identify exactly what is to be received from
the supplier, including the wooden shingles, nails, flashing,
and applied coatings. The specifications also include
instructions on removing the old roofing (sometimes two or
more earlier roofs), and on preparing the surface for the new shingles, such as repairing
damage to the lath or sheathing boards. If there are to be modifications to a standard
product, such as cutting beveled butts, planing off residual surface circular saw marks,
or controlling the mixture of acceptable widths (3"8"), these too should be specified.
Every instruction for modifying the shingles themselves should be written into the
specifications or they may be overlooked.
The specifications and drawn details should describe special features important to the
roof. Swept valleys, combed ridges, or wedged dormer cheek runoffs should each be
detailed not only with the patterning of the shingles, but also with the placement of
flashing or other unseen reinforcements. There are some modern products that appear
to be useful. For example, paper coated and reinforced metal laminated flashing is easy
to use and, in combination with other flashing, gives added protection over eaves and
other vulnerable areas; adhesives give a stronger attachment at projecting roofing
combs that could blow away in heavy wind storms. Clear or light colored sealants may
be less obvious than dark mastic often used in conjunction with flashing or repairs.
These modern treatments should not be overlooked if they can prolong the life of the
roof without changing its appearance.
Roofing Practices to Avoid

Certain common roofing practices for modern
installations should be avoided in re-roofing a
historic building unless specifically approved in
advance by the architect. These practices
interfere with the proper drying of the shingles or
result in a sloppy installation that will accelerate
deterioration. They include improper coverage
and spacing of shingles, use of staples to hold
shingles, inadequate ventilation, particularly for
heavily insulated attics, use of heavy building
felts as an underlayment, improper application of
surface coatings causing stress in the wood
surfaces, and use of inferior flashing that will fail
while the shingles are still in good condition.

These commercially available roofing
products with rustic split faces are not
appropriate for historic preservation
projects. Photo: NPS files.

Avoid skimpy shingle coverage and heavy building papers. It has become a
common modern practice to lay impregnated roofing felts under new wooden shingle
roofs. The practice is especially prevalent in roofs that do not achieve a full triple
layering of shingles. Historically, approximately one third of each single was exposed,
thus making a three-ply or three-layered roof. This assured adequate coverage. Due to
the expense of wooden shingles today, some roofers expose more of the shingle if the
pitch of the roof allows, and compensate for less than three layers of shingles by using
building felts interwoven at the top of each row of shingles. This absorptive material can
hold moisture on the underside of the shingles and accelerate deterioration. If a shingle
roof has proper coverage and proper flashing, such felts are unnecessary as a general
rule. However, the selective use of such felts or other reinforcements at ridges, hips and
valleys does appear to be beneficial.
Beware of heavily insulated attic rafters. Historically, the longest lasting shingle
roofs were generally the ones with the best roof ventilation. Roofs with shingling set
directly on solid sheathing and where there is insulation packed tightly between the
wooden rafters without adequate ventilation run the risk of condensation-related
moisture damage to wooden roofing components. This is particularly true for airconditioned structures. For that reason, if insulation must be used, it is best to provide
ventilation channels between the rafters and the roof decking, to avoid heavy felt
building papers, to consider the use of vapor barriers, and perhaps to raise the shingles
slightly by using "sleepers" over the roof deck. This practice was popular in the 1920s in
what the industry called a "Hollywood" installation, and examples of roofs lasting 60
years are partly due to this undershingle ventilation.
Avoid staples and inferior flashing. The common practice of using pneumatic staple
guns to affix shingles can result in shooting staples through the shingles, in crushing the
wood fibers, or in cracking the shingle. Instead, corrosion resistant nails, generally with
barked or deformed shanks long enough to extend about 3/4" into the roof decking,
should be specified. Many good roofers have found that the pneumatic nail guns, fitted
with the proper nails and set at the correct pressure with the nails just at the shingle
surface, have worked well and reduced the stress on shingles from missed hammer
blows. If red cedar is used, copper nails should not be specified because a chemical
reaction between the wood and the copper will reduce the life of the roof. Hot-dipped,
zinc-coated, aluminum, or stainless steel nails should be used. In addition, copper
flashing and gutters generally should not be used with red cedar shingles as staining will
occur, although there are some historic examples where very heavy gauge copper was
used which outlasted the roof shingles. Heavier weight flashing (2() oz.) holds up better
than lighter flashing, which may deteriorate faster than the shingles. Some metals may
react with salts or chemicals used to treat the shingles. This should be kept in mind
when writing specifications. Terne-coated stainless steel and lead-coated copper are
generally the top of the line if copper is not appropriate.

Avoid patching deteriorated roof lath or sheathing with plywood or composite
materials. Full size lumber may have to be custom ordered to match the size and
configuration of the original sheathing in order to provide an even surface for the new
shingles. It is best to avoid plywood or other modern composition boards that may
deteriorate or delaminate in the future if there is undetected moisture or leakage. If
large quantities of shingle lath or sheathing must be removed and replaced, the work
should be done in sections to avoid possible shifting or collapse of the roof structure.
Avoid spray painting raw shingles on a roof after installation. Rapidly drying
solvent in the paint will tend to warp the exposed surface of the shingles. Instead, it is
best to dip new shingles prior to installation to keep all of the wood fibers in the same
tension. Once the entire shingle has been treated, however, later coats can be limited to
the exposed surface.
Maintenance
The purpose of regular or routine maintenance is to extend the life of the roof. The roof
must be kept clean and inspected for damage both to the shingles and to the flashing,
sheathing, and gutters. If the roof is to be walked on, rubber soled shoes should be
worn. If there is a simple ridge, a ladder can be hooked over the roof ridge to support
and distribute the weight of the inspector.
Keeping the roof free of debris is important. This may involve only sweeping off pine
needles, leaves and branches as needed. It may involve trimming overhanging
branches. Other aspects of maintenance, such as removal of moss and lichen buildup,
are more difficult. While they may impart a certain charm to roofs, these moisturetrapping organisms will rot the shingles and shorten the life of the roof. Buildups may
need scraping and the residue removed with diluted bleaching solutions (chlorine),
although caution should be used for surrounding materials and plants. Some roofers
recommend power washing the roofs periodically to remove the dead wood cells and
accumulated debris. While this makes the roof look relatively new, it can put a lot of
water under shingles, and the high pressure may crack or otherwise damage them. The
added water may also leach out applied coatings.
If the roof has been treated with a fungicide, stain, or revitalizing oil, it will need to be
re-coated every few years (usually every 4-5). The manufacturer should be consulted as
to the effective life of the coating. With the expense associated with installation of wood
shingles, it is best to extend the life of the roof as long as possible. One practical method
is to order enough shingles in the beginning to use for periodic repairs.
Periodic maintenance inspections of the roof may reveal loose or damaged shingles that
can be selectively replaced before serious moisture damage occurs. Keeping the wooden
shingles in good condition and repairing the roof, flashing and guttering, as needed, can
add years of life to the roof.

Conclusion
A combination of careful research to determine the historic appearance of the roof, good
specifications, and installation details designed to match the historic roof, and long-term
maintenance, will make it possible to have not only a historically authentic roof, but a
cost-effective one. It is important that professionals be part of the team from the
beginning. A preservation architect should specify materials and construction techniques
that will best preserve the roof's historic appearance. The shingle supplier must ensure
that the best product is delivered and must stand behind the guarantee if the shipment
is not correct. The roofer must be knowledgeable about traditional craft practices. Once

the new shingle roof is in place, it must be properly maintained to give years of service.
NOTE (1) Preservation Brief 4: Roofing for Historic Buildings discusses research
methods, analysis of deterioration, and the general significance of historic roofs.
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Plaster in a historic building is like a family album. The handwriting of the artisans,
the taste of the original occupants, and the evolving styles of decoration are embodied in
the fabric of the building. From modest farmhouses to great buildings, regardless of the
ethnic origins of the occupants, plaster has traditionally been used to finish interior
walls.
A versatile material, plaster could be applied over brick, stone, half-timber, or frame
construction. It provided a durable surface that was easy to clean and that could be
applied to flat or curved walls and ceilings.
Plaster could be treated in any number of ways: it could receive stenciling, decorative
painting, wallpaper, or whitewash. This variety and the adaptability of the material to
nearly any building size, shape, or configuration meant that plaster was the wall surface
chosen for nearly all buildings until the 1930s or 40s.

Plaster was used as the interior surface
coating of this elegant 1911 church located in
Eugene, Oregon. Photo: NPS files.

Historic plaster may first appear so fraught with
problems that its total removal seems the only
alternative. But there are practical and
historical reasons for saving it. First, three-coat
plaster is unmatched in strength and durability.
It resists fire and reduces sound transmission.
Next, replacing plaster is expensive. A building
owner needs to think carefully about the
condition of the plaster that remains; plaster is
often not as badly damaged as it first appears.
Of more concern to preservationists, however,
original lime and gypsum plaster is part of the
building's historic fabric--its smooth troweled or

textured surfaces and subtle contours evoke the presence of America's earlier craftsmen.
Plaster can also serve as a plain surface for irreplaceable decorative finishes. For both
reasons, plaster walls and ceilings contribute to the historic character of the interior and
should be left in place and repaired if at all possible.
The approaches described in this Brief stress repairs using wet plaster, and traditional
materials and techniques that will best assist the preservation of historic plaster walls
and ceilings--and their appearance. Dry wall repairs are not included here, but have
been written about extensively in other contexts. Finally, this Brief describes a
replacement option when historic plaster cannot be repaired. Thus, a veneer plaster
system is discussed rather than dry wall. Veneer systems include a coat or coats of wet
plaster--although thinly applied--which can, to a greater extent, simulate traditional
hand-troweled or textured finish coats. This system is generally better suited to historic
preservation projects than dry wall.
To repair plaster, a building owner must often enlist the help of a plasterer. Plastering is
a skilled craft, requiring years of training and special tools. While minor repairs can be
undertaken by building owners, most repairs will require the assistance of a plasterer.

Historical Background
Plasterers in North America have relied on two materials to create their handiwork--lime
and gypsum. Until the end of the 19th century, plasterers used lime plaster. Lime plaster
was made from four ingredients: lime, aggregate, fiber, and water. The lime came from
ground-and-heated limestone or oyster shells; the aggregate from sand; and the fiber
from cattle or hog hair. Manufacturing changes at the end of the 19th century made it
possible to use gypsum as a plastering material. Gypsum and lime plasters were used in
combination for the base and finish coats during the early part of the 20th century;
gypsum was eventually favored because it set more rapidly and, initially, had a harder
finish.

The builders of this mid18th century house
installed the baseboard
molding first, then applied
a mud and horse hair
plaster. Lime was used for
the finish plaster. Photo:
NPS files.

Not only did the basic plastering material change, but the
method of application changed also. In early America, the
windows, doors, and all other trim were installed before the
plaster was applied to the wall. Generally the woodwork was
prime-painted before plastering. Obtaining a plumb, level wall,
while working against built-up moldings, must have been
difficult. But sometime in the first half of the 19th century,
builders began installing wooden plaster "grounds" around
windows and doors and at the base of the wall. Installing these
grounds so that they were level and plumb made the job much
easier because the plasterer could work from a level, plumb,
straight surface. Woodwork was then nailed to the "grounds"
after the walls were plastered. Evidence of plaster behind trim
is often an aid to dating historic houses, or to discerning their
physical evolution.
Lime Plaster

When building a house, plasterers traditionally mixed bags of
quick lime with water to "hydrate" or "slake" the lime. As the lime absorbed the water,
heat was given off. When the heat diminished, and the lime and water were thoroughly
mixed, the lime putty that resulted was used to make plaster.

When lime putty, sand, water, and animal hair were mixed, the mixture provided the
plasterer with "coarse stuff." This mixture was applied in one or two layers to build up
the wall thickness. But the best plaster was done with three coats. The first two coats
made up the coarse stuff; they were the scratch coat and the brown coat. The finish
plaster, called "setting stuff," contained a much higher proportion of lime putty, little
aggregate, and no fiber, and gave the wall a smooth white surface finish.

Compared to the 3/8-inch-thick layers of the scratch and
brown coats, the finish coat was a mere 1/8-inch thick.
Additives were used for various finish qualities. For example,
fine white sand was mixed in for a "float finish." This finish
was popular in the early 1900s. (If the plasterer raked the
sand with a broom, the plaster wall would retain swirl marks
or stipples.) Or marble dust was added to create a hard-finish
white coat which could be smoothed and polished with a steel
trowel. Finally, a little plaster of Paris, or "gauged stuff," was
often added to the finish plaster to accelerate the setting time.
Although lime plaster was used in this country until the early
1900s, it had certain disadvantages. A plastered wall could
take more than a year to dry; this delayed painting or
papering. In addition, bagged quick lime had to be carefully
protected from contact with air, or it became inert because it
reacted with ambient moisture and carbon dioxide. Around
1900, gypsum began to be used as a plastering material.

Schifferstadt, a simple
house of German origin that
dates to 1756, utilized
plaster for both flat and
curved walls. The building is
located in Frederick,
Maryland Photo: NPS files.

Gypsum Plaster
Gypsum begins to cure as soon as it is mixed with water. It sets in minutes and
completely dries in two to three weeks. Historically, gypsum made a more rigid plaster
and did not require a fibrous binder. However it is difficult to tell the difference between
lime and gypsum plaster once the plaster has cured.

Despite these desirable working
characteristics, gypsum plaster was more
vulnerable to water damage than lime.
Lime plasters had often been applied
directly to masonry walls (without
lathing), forming a suction bond. They
could survive occasional wind-driven
moisture or water winking up from the
ground. Gypsum plaster needed
protection from water. Furring strips had
to be used against masonry walls to
create a dead air space. This prevented
moisture transfer.

Many of these traditional plastering tools are still
used today. Drawing: NPS files.

In rehabilitation and restoration projects, one should rely on the plasterer's judgment
about whether to use lime or gypsum plaster. In general, gypsum plaster is the material
plasterers use today. Different types of aggregate may be specified by the architect such
as clean river sand, perlite, pumice, or vermiculite; however, if historic finishes and
textures are being replicated, sand should be used as the base-coat aggregate. Today, if
fiber is required in a base coat, a special gypsum is available which includes wood fibers.
Lime putty, mixed with about 35% gypsum (gauging plaster) to help it harden, is still
used as the finish coat.

Lath
Lath provided a means of holding the plaster in place. Wooden lath was nailed at right
angles directly to the structural members of the buildings (the joists and studs), or it
was fastened to nonstructural spaced strips known as furring strips. Three types of lath
can be found on historic buildings.
Wood Lath. Wood lath is usually made up of narrow, thin strips of wood with spaces in
between. The plasterer applies a slight pressure to push the wet plaster through the
spaces. The plaster slumps down on the inside of the wall, forming plaster "keys." These
keys hold the plaster in place.
Metal Lath. Metal lath, patented in England in 1797, began to be used in parts of the
United States toward the end of the 19th century. The steel making up the metal lath
contained many more spaces than wood lath had contained. These spaces increased the
number of keys; metal lath was better able to hold plaster than wood lath had been.
Rock Lath. A third lath system commonly used was rock lath (also called plaster board
or gypsum-board lath). In use as early as 1900, rock lath was made up of compressed
gypsum covered by a paper facing. Some rock lath was textured or perforated to provide
a key for wet plaster. A special paper with gypsum crystals in it provides the key for rock
lath used today; when wet plaster is applied to the surface, a crystalline bond is
achieved.
Rock lath was the most economical of the three lathing systems. Lathers or carpenters
could prepare a room more quickly. By the late 1930s, rock lath was used almost
exclusively in residential plastering.

Common Plaster Problems
When plaster dries, it is a relatively rigid material which should last almost indefinitely.
However, there are conditions that cause plaster to crack, effloresce, separate, or
become detached from its lath framewor. These include:
•
•
•
•

Structural Problems
Poor Workmanship
Improper Curing
Moisture

Structural Problems
Overloading. Stresses within a wall, or acting on the house as a whole, can create
stress cracks. Appearing as diagonal lines in a wall, stress cracks usually start at a door
or window frame, but they can appear anywhere in the wall, with seemingly random
starting points .
Builders of now-historic houses had no codes to help them size the structural members
of buildings. The weight of the roof, the second and third stories, the furniture, and the
occupants could impose a heavy burden on beams, joists, and studs. Even when houses
were built properly, later remodeling efforts may have cut in a doorway or window
without adding a structural beam or "header" across the top of the opening.
Occasionally, load-bearing members were simply too small to carry the loads above
them. Deflection or wood "creep" (deflection that occurs over time) can create cracks in
plaster.

Overloading and structural movement (especially when
combined with rotting lath, rusted nails, or poor quality
plaster) can cause plaster to detach from the lath. The
plaster loses its key. When the mechanical bond with
the lath is broken, plaster becomes loose or bowed. If
repairs are not made, especially to ceilings, gravity will
simply cause chunks of plaster to fall to the floor.
Settlement/Vibration. Cracks in walls can also result
when houses settle. Houses built on clay soils are
especially vulnerable. Many types of clay (such as
montmorillonite) are highly expansive.
Stress cracks in plaster over a
kitchen door frame can be repaired
using fiberglass mesh tape and
joint compound. Photo: NPS files.

In the dry season, water evaporates from the clay
particles, causing them to contract. During the rainy
season, the clay swells. Thus, a building can be riding
on an unstable footing. Diagonal cracks running in
opposite directions suggest that house settling and soil conditions may be at fault.
Similar symptoms occur when there is a nearby source of vibration-blasting, a train line,
busy highway, or repeated sonic booms.
Lath movement. Horizontal cracks are often caused by lath movement. Because it
absorbs moisture from the air, wood lath expands and contracts as humidity rises and
falls. This can cause cracks to appear year after year. Cracks can also appear between
rock lath panels. A nail holding the edge of a piece of lath may rust or loosen, or
structural movement in the wood framing behind the lath may cause a seam to open.
Heavy loads in a storage area above a rock-lath ceiling can also cause ceiling cracks.
Errors in initial building construction such as improper bracing, poor corner construction,
faulty framing of doors and windows, and undersized beams and floor joists eventually
"telegraph" through to the plaster surface.
Poor Workmanship
In addition to problems caused by movement or weakness in the structural framework,
plaster durability can be affected by poor materials or workmanship.
Poorly proportioned mix. The proper proportioning and mixing of materials are vital to
the quality of the plaster job. A bad mix can cause problems that appear years later in a
plaster wall. Until recently, proportions of aggregate and lime were mixed on the job. A
plasterer may have skimped on the amount of cementing material (lime or gypsum)
because sand was the cheaper material. Over sanding can cause the plaster to weaken
or crumble. Plaster made from a poorly proportioned mix may be more difficult to repair.
Incompatible base coats and finish coats. Use of perlite as an aggregate also
presented problems. Perlite is a lightweight aggregate used in the base coat instead of
sand. It performs well in cold weather and has a slightly better insulating value. But if a
smooth lime finish coat was applied over perlited base coats on wood or rock lath, cracks
would appear in the finish coat and the entire job would have to be redone. To prevent
this, a plasterer had to add fine silica sand or finely crushed perlite to the finish coat to
compensate for the dramatically differing shrinkage rates between the base coat and the
finish coat.

Improper plaster application. The finish coat is
subject to "chip cracking" if it was applied over an
excessively dry base coat, or was insufficiently troweled,
or if too little gauging plaster was used. Chip cracking
looks very much like an alligatored paint surface.
Another common problem is called map cracking--fine,
irregular cracks that occur when the finish coat has been
applied to an over sanded base coat or a very thin base
coat.

The smooth-trowled lime finish has
delaminated from the brown coat
underneath. Photo: Marylee
MacDonald.

Too much retardant. Retarding agents are added to
slow down the rate at which plaster sets, and thus
inhibit hardening. They have traditionally included
ammonia, glue, gelatin, starch, molasses, or vegetable oil. If the plasterer has used too
much retardant, however, a gypsum plaster will not set within a normal 20 to 30 minute
time period. As a result, the surface becomes soft and powdery.
Inadequate plaster thickness. Plaster is applied in three coats over wood lath and
metal lath--the scratch, brown, and finish coats. In three-coat work, the scratch coat
and brown coat were sometimes applied on successive days to make up the required
wall thickness. Using rock lath allowed the plasterer to apply one base coat and the
finish coat--a two-coat job.
If a plasterer skimped on materials, the wall may not have sufficient plaster thickness to
withstand the normal stresses within a building. The minimum total thickness for plaster
on gypsum board (rock lath) is 1/2 inch. On metal lath the minimum thickness is 5/8
inch; and for wood lath it is about 3/4 to 7/8 inch. This minimum plaster thickness may
affect the thickness of trim projecting from the wall's plane.
Improper Curing
Proper temperature and air circulation during curing are key factors in a durable plaster
job. The ideal temperature for plaster to cure is between 55 to 70 degrees Fahrenheit.
However, historic houses were sometimes plastered before window sashes were put in.
There was no way to control temperature and humidity.
Dry outs, freezing, and sweat-outs. When temperatures were too hot, the plaster
would return to its original condition before it was mixed with water, that is, calcined
gypsum. A plasterer would have to spray the wall with alum water to reset the plaster. If
freezing occurred before the plaster had set, the job would simply have to be redone. If
the windows were shut so that air could not circulate, the plaster was subject to sweatout or rot. Since there is no cure for rotted plaster, the affected area had to be removed
and replastered.
Moisture
Plaster applied to a masonry wall is vulnerable to water damage if the wall is constantly
wet. When salts from the masonry substrate come in contact with water, they migrate to
the surface of the plaster, appearing as dry bubbles or efflorescence. The source of the
moisture must be eliminated before replastering the damaged area.
Sources of Water Damage. Moisture problems occur for several reasons. Interior
plumbing leaks in older houses are common. Roofs may leak, causing ceiling damage.
Gutters and downspouts may also leak, pouring rain water next to the building
foundation. In brick buildings, dampness at the foundation level can wick up into the
above-grade walls. Another common source of moisture is splashback. When there is a

paved area next to a masonry building, rainwater splashing up from the paving can
dampen masonry walls. In both cases water travels through the masonry and damages
interior plaster. Coatings applied to the interior are not effective over the long run. The
moisture problem must be stopped on the outside of the wall.

Repairing Historic Plaster
Many of the problems described above may not be easy to remedy. If major structural
problems are found to be the source of the plaster problem, the structural problem
should be corrected. Some repairs can be made by removing only small sections of
plaster to gain access. Minor structural problems that will not endanger the building can
generally be ignored. Cosmetic damages from minor building movement, holes, or
bowed areas can be repaired without the need for wholesale demolition. However, it may
be necessary to remove deteriorated plaster caused by rising damp in order for masonry
walls to dry out. Repairs made to a wet base will fail again.

Canvassing Uneven Wall Surfaces
Uneven wall surfaces, caused by previous patching or by partial wallpaper removal, are
common in old houses. As long as the plaster is generally sound, cosmetically
unattractive plaster walls can be "wallpapered" with strips of a canvas or fabric-like
material. Historically, canvassing covered imperfections in the plaster and provided a
stable base for decorative painting or wallpaper.
Filling Cracks
Hairline cracks in wall and ceiling plaster are not a serious cause for concern as long as
the underlying plaster is in good condition. They may be filled easily with a patching
material. For cracks that reopen with seasonal humidity change, a slightly different
method is used. First the crack is widened slightly with a sharp, pointed tool such as a
crack widener or a triangular can opener. Then the crack is filled. For more persistent
cracks, it may be necessary to bridge the crack with tape. In this instance, a fiberglass
mesh tape is pressed into the patching material.
After the first application of a quick setting joint compound dries, a second coat is used
to cover the tape, feathering it at the edges. A third coat is applied to even out the
surface, followed by light sanding. The area is cleaned off with a damp sponge, then
dried to remove any leftover plaster residue or dust.
When cracks are larger and due to structural movement, repairs need to be made to the
structural system before repairing the plaster. Then, the plaster on each side of the
crack should be removed to a width of about 6 inches down to the lath. The debris is
cleaned out, and metal lath applied to the cleared area, leaving the existing wood lath in
place. The metal lath usually prevents further cracking. The crack is patched with an
appropriate plaster in three layers (i.e., base coats and finish coat). If a crack seems to
be expanding, a structural engineer should be consulted.

Replacing Delaminated Areas of the Finish
Coat

In this New Hampshire residence dating
from the 1790s, the original plaster was a
single coat of lime, sand, and horsehair
applied over split lath. A one-coat repair,
in this case, is appropriate. Photo: John
Leeke.

Sometimes the finish coat of plaster comes loose
from the base coat. In making this type of repair,
the plasterer paints a liquid plaster-bonding agent
onto the areas of base-coat plaster that will be
replastered with a new lime finish coat. A
homeowner wishing to repair small areas of
delaminated finish coat can use the methods
described in "Patching Materials."
Patching Holes in Walls

For small holes (less than 4 inches in diameter) that involve loss of the brown and finish
coats, the repair is made in two applications. First, a layer of base coat plaster is
troweled in place and scraped back below the level of the existing plaster. When the
base coat has set but not dried, more plaster is applied to create a smooth, level
surface. One-coat patching is not generally recommended by plasterers because it tends
to produce concave surfaces that show up when the work is painted. Of course, if the
lath only had one coat of plaster originally, then a one-coat patch is appropriate.

For larger holes where all three coats of plaster are
damaged or missing down to the wood lath,
plasterers generally proceed along these lines. First,
all the old plaster is cleaned out and any loose lath
is re-nailed. Next, a water mist is sprayed on the
old lath to keep it from twisting when the new, wet
plaster is applied, or better still, a bonding agent is
used.

Flat-head wood screws and plaster
washers were used to reattach loose
ceiling plaster to the wood lath. After
the crack is covered with fiberglass
mesh tape, all will be skim-coated with
a patching compound. Photo: John
Obed Curtis.

To provide more reliable keying and to strengthen
the patch, expanded metal lath (diamond mesh)
should be attached to the wood lath with tie wires
or nailed over the wood lath with lath nails. The plaster is then applied in three layers
over the metal lath, lapping each new layer of plaster over the old plaster so that old
and new are evenly joined. This stepping is recommended to produce a strong, invisible
patch. Also, if a patch is made in a plaster wall that is slightly wavy, the contour of the
patch should be made to conform to the irregularities of the existing work. A flat patch
will stand out from the rest of the wall.
Patching Holes in Ceilings

This beaded ceiling in one of the
bedrooms of the 1847 Lockwood House,
Harpers Ferry, West Virginia, is missing
portions of plaster due to broken keys.
Photo: NPS files.

Hairline cracks and holes may be unsightly, but
when portions of the ceiling come loose, a more
serious problem exists. The keys holding the
plaster to the ceiling have probably broken. First,
the plaster around the loose plaster should be
examined.
Keys may have deteriorated because of a localized
moisture problem, poor quality plaster, or
structural overloading; yet, the surrounding
system may be intact. If the areas surrounding the

loose area are in reasonably good condition, the loose plaster can be reattached to the
lath using flathead wood screws and plaster washers. To patch a hole in the ceiling
plaster, metal lath is fastened over the wood lath; then the hole is filled with successive
layers of plaster, as described above.
Establishing New Plaster Keys
If the back of the ceiling lath is accessible (usually from the attic or after removing floor
boards), small areas of bowed-out plaster can be pushed back against the lath. A
padded piece of plywood and braces are used to secure the loose plaster. After
dampening the old lath and coating the damaged area with a bonding agent, a fairly
liquid plaster mix (with a glue size retardant added) is applied to the backs of the lath,
and worked into the voids between the faces of the lath and the back of the plaster.
While this first layer is still damp, plaster-soaked strips of jute scrim are laid across the
backs of the lath and pressed firmly into the first layer as reinforcement. The original
lath must be secure, otherwise the weight of the patching plaster may loosen it.
Loose, damaged plaster can also be re-keyed when the goal is to conserve decorative
surfaces or wallpaper. Large areas of ceilings and walls can be saved. This method
requires the assistance of a skilled conservator--it is not a repair technique used by most
plasterers.
The conservator injects an acrylic adhesive mixture through holes drilled in the face of
the plaster (or through the lath from behind, when accessible). The loose plaster is held
firm with plywood bracing until the adhesive bonding mixture sets. When complete, gaps
between the plaster and lath are filled, and the loose plaster is secure.
Replastering Over the Old Ceiling
If a historic ceiling is too cracked to patch or is
sagging (but not damaged from moisture),
plasterers routinely keep the old ceiling and simply
relath and replaster over it. This repair technique
can be used if lowering the ceiling slightly does not
When ceiling repairs are made with wet affect other ornamental features. The existing
ceiling is covered with 1x3-inch wood furring strips,
plaster or with an injected adhesive
mixture, the old loose plaster must be
one to each joist, and fastened completely through
supported with a plywood brace until
the old lath and plaster using a screw gun.
re-keying is complete. Photo: John
Expanded metal lath or gypsum board lath is nailed
Leeke.
over the furring strips. Finally, two or three coats
are applied according to traditional methods. Replastering over the old ceiling saves
time, creates much less dust than demolition, and gives added fire protection.

When Damaged Plaster Cannot be Repaired
--Replacement Options
Partial or complete removal may be necessary if plaster is badly damaged, particularly if
the damage was caused by long-term moisture problems. Workers undertaking
demolition should wear OSHA-approved masks because the plaster dust that flies into
the air may contain decades of coal soot. Lead, from lead based paint, is another
danger. Long-sleeved clothing and head-and-eye protection should be worn. Asbestos,
used in the mid-twentieth century as an insulating and fireproofing additive, may also be
present and OSHA-recommended precautions should be taken. If plaster in adjacent
rooms is still in good condition, walls should not be pounded--a small trowel or pry bar is
worked behind the plaster carefully in order to pry loose pieces off the wall.

When the damaged plaster has been removed, the owner must decide whether to
replaster over the existing lath or use a different system. This decision should be based
in part on the thickness of the original plaster and the condition of the original lath.
Economy and time are also valid considerations. It is important to ensure that the wood
trim around the windows and doors will have the same "reveal" as before. (The "reveal"
is the projection of the wood trim from the surface of the plastered wall). A lath and
plaster system that will give this required depth should be selected.
Replastering--Alternative Lath Systems for New Plaster
Replastering old wood lath. When plasterers work with old lath, each lath strip is renailed and the chunks of old plaster are cleaned out. Because the old lath is dry, it must
be thoroughly soaked before applying the base coats of plaster, or it will warp and
buckle; furthermore, because the water is drawn out, the plaster will fail to set properly.
As noted earlier, if new metal lath is installed over old wood lath as the base for new
plaster, many of these problems can be avoided and the historic lath can be retained.
The ceiling should still be sprayed unless a vapor barrier is placed behind the metal lath.
Replastering over new metal lath. An alternative to reusing the old wood lath is to
install a different lathing system. Galvanized metal lath is the most expensive, but also
the most reliable in terms of longevity, stability, and proper keying. When lathing over
open joists, the plasterer should cover the joists with kraft paper or a polyethylene vapor
barrier. Three coats of wet plaster are applied consecutively to form a solid, monolithic
unit with the lath. The scratch coat keys into the metal lath; the second, or brown, coat
bonds to the scratch coat and builds the thickness; the third, or finish coat, consists of
lime putty and gauging plaster.

Replastering over new rock lath. It is also possible to
use rock lath as a plaster base. Plasterers may need to
remove the existing wood lath to maintain the
woodwork's reveal. Rock lath is a 16x36-inch, 1/2-inch
thick, gypsum-core panel covered with absorbent paper
with gypsum crystals in the paper. The crystals in the
paper bond the wet plaster and anchor it securely. This
type of lath requires two coats of new plaster--the
brown coat and the finish coat. The gypsum lath itself
takes the place of the first, or scratch, coat of plaster.
Painting New Plaster
Repairs are being made to the

The key to a successful paint job is proper drying of the historic plaster. Expanded metal
lath is cut to fit the hole, then
plaster. Historically, lime plasters were allowed to cure
attached to the wood lath with a
for at least a year before the walls were painted or
tie-wire. Two ready-mix gypsum
coats are applied, then a smoothpapered. With modern ventilation, plaster cures in a
trowled coat of gauged lime.
shorter time; however, fresh gypsum plaster with a lime Photo: Walter Jowers.
finish coat should still be perfectly dry before paint is
applied--or the paint may peel. (Plasterers traditionally used the "match test" on new
plaster. If a match would light by striking it on the new plaster surface, the plaster was
considered dry.) Today it is best to allow new plaster to cure two to three weeks. A good
alkaline-resistant primer, specifically formulated for new plaster, should then be used. A
compatible latex or oil-based paint can be used for the final coat.
A Modern Replacement System
Veneer Plaster. Using one of the traditional lath and plaster systems provides the highest
quality plaster job. However, in some cases, budget and time considerations may lead

the owner to consider a less expensive replacement alternative. Designed to reduce the
cost of materials, a more recent lath and plaster system is less expensive than a two-orthree coat plaster job, but only slightly more expensive than drywall. This plaster system
is called veneer plaster.
The system uses gypsum-core panels that are the same size as drywall (4x8 feet), and
specially made for veneer plaster. They can be installed over furring channels to
masonry walls or over old wood lath walls and ceilings. Known most commonly as "blue
board," the panels are covered with a special paper compatible with veneer plaster.
Joints between the 4-foot wide sheets are taped with fiberglass mesh, which is bedded in
the veneer plaster. After the tape is bedded, a thin, 1/16-inch coat of high-strength
veneer plaster is applied to the entire wall surface. A second veneer layer can be used as
the "finish" coat, or the veneer plaster can be covered with a gauged lime finish-coat-the same coat that covers ordinary plaster.
Although extremely thin, a two-coat veneer plaster system has a 1,500 psi rating and is
thus able to withstand structural movements in a building or surface abrasion. With
either a veneer finish or a gauged lime putty finish coat, the room will be ready for
painting almost immediately. When complete, the troweled or textured wall surface
looks more like traditional plaster than drywall.
The thin profile of the veneer system has an added benefit, especially for owners of
uninsulated masonry buildings. Insulation can be installed between the pieces of furring
channel used to attach blue board to masonry walls. This can be done without having to
fur out the window and door jambs. The insulation plus the veneer system will result in
the same thickness as the original plaster. Occupants in the rooms will be more
comfortable because they will not be losing heat to cold wall surfaces.

Patching Materials
Plasterers generally use ready-mix base-coat plaster for patching, especially where large
holes need to be filled. The ready-mix plaster contains gypsum and aggregate in proper
proportions. The plasterer only needs to add water.
Another mix plasterers use to patch cracks or small holes, or for finish-coat repair, is a
"high gauge" lime putty (50 percent lime; 50 percent gauging plaster). This material will
produce a white, smooth patch. It is especially suitable for surface repairs.
Although property owners cannot duplicate the years of accumulated knowledge and
craft skills of a professional plasterer, there are materials that can be used for do-ityourself repairs. For example, fine cracks can be filled with an all-purpose drywall joint
compound. For bridging larger cracks using fiberglass tape, a homeowner can use a
"quicksetting" joint compound. This compound has a fast drying time--60, 90, or 120
minutes. Quick-setting joint compound dries because of a chemical reaction, not because
of water evaporation. It shrinks less than all-purpose joint compound and has much the
same workability as ready-mix base-coat plaster. However, because quick-set joint
compounds are hard to sand, they should only be used to bed tape or to fill large holes.
All-purpose point compound should be used as the final coat prior to sanding.
Homeowners may also want to try using a ready-mix perlited base-coat plaster for
scratch and brown coat repair. The plaster can be hand-mixed in small quantities, but
bagged ready-mix should be protected from ambient moisture. A "millmixed pregauged" lime finish coat plaster can also be used by homeowners. A base coat utilizing
perlite or other lightweight aggregates should only be used for making small repairs
(less than 4 ft. patches). For large-scale repairs and entire room replastering, see the

precautions in Table 1 for using perlite.
Homeowners may see a material sold as "patching plaster" or "plaster of Paris" in
hardware stores. This dry powder cannot be used by itself for plaster repairs. It must be
combined with lime to create a successful patching mixture.
When using a lime finish coat for any repair, wait longer to paint, or use an alkalineresistant primer.

Summary
The National Park Service recommends retaining historic plaster if at all possible. Plaster
is a significant part of the "fabric" of the building. Much of the building's history is
documented in the layers of paint and paper found covering old plaster. For buildings
with decorative painting, conservation of historic flat plaster is even more important.
Consultation with the National Park Service, with State Historic Preservation Officers,
local preservation organizations, historic preservation consultants, or with the
Association for Preservation Technology is recommended. Where plaster cannot be
repaired or conserved using one of the approaches outlined in this Brief, documentation
of the layers of wallpaper and paint should be undertaken before removing the historic
plaster. This information may be needed to complete a restoration plan.

Plaster Terms
Scratch coat. The first base coat put on wood or metal lath. The wet plaster is
"scratched" with a scarifier or comb to provide a rough surface so the next layer of base
coat will stick to it.
Brown coat. The brown coat is the second application of wet, base-coat plaster with
wood lath or metal systems. With gypsum board lath (rock lath, plasterboard), it is the
only base coat needed.
Finish coat. Pure lime, mixed with about 35 percent gauging plaster to help it harden,
is used for the very thin surface finish of the plaster wall. Fine sand can be added for a
sanded finish coat.
Casing Bead. Early casing bead was made of wood. In the 19th century, metal casing
beads were sometimes used around fireplace projections, and door and window
openings. Like a wood ground, they indicate the proper thickness for the plaster.
Corner Bead. Wire mesh with a rigid metal spline used on
Outside corners. Installing the corner bead plumb is important.
Cornerite. Wire mesh used on inside corners of adjoining walls and ceilings. It keeps
corners from cracking.
Ground. Plasterers use metal or wood strips around the edges of doors and windows
and at the bottom of walls. These grounds help keep the plaster the same thickness and
provide a stopping edge for the plaster. Early plaster work, however, did not use
grounds. On early buildings, the woodwork was installed and primed before plastering
began. Some time in the early 19th century, a transition occurred, and plasterers

applied their wall finish before woodwork was installed.
Gypsum. Once mined from large gypsum quarries near Paris (thus the name plaster of
Paris), gypsum in its natural form is calcium sulfate. When calcined (or heated), oneand-a-half water molecules are driven off, leaving a hemi-hydrate of calcium sulfate.
When mixed with water, it becomes calcium sulfate again. While gypsum was used in
base-coat plaster from the 1890s on, it has always been used in finish coat and
decorative plaster. For finish coats, gauging plaster was added to lime putty; it causes
the lime to harden. Gypsum is also the ingredient in moulding plaster, a finer plaster
used to create decorative moldings in ornamental plaster work.
Lime. Found in limestone formations or shell mounds, naturally occurring lime is calcium
carbonate. When heated, it becomes calcium oxide. After water has been added, it
becomes calcium hydroxide. This calcium hydroxide reacts with carbon dioxide in the air
to recreate the original calcium carbonate.
Screed. Screeds are strips of plaster run vertically or horizontally on walls or ceilings.
They are used to plumb and straighten uneven walls and level ceilings. Metal screeds are
used to separate different types of plaster finishes or to separate lime and cement
plasters.
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The need for modern mechanical systems is one of the most common reasons
to undertake work on historic buildings. Such work includes upgrading older
mechanical systems, improving the energy efficiency of existing buildings, installing new
heating, ventilation or air conditioning (HVAC) systems, or--particularly for museums-installing a climate control system with humidification and dehumidification capabilities.
Decisions to install new HVAC or climate control systems often result from concern for
occupant health and comfort, the desire to make older buildings marketable, or the need
to provide specialized environments for operating computers, storing artifacts, or
displaying museum collections. Unfortunately, occupant comfort and concerns for the
objects within the building are sometimes given greater consideration than the building
itself. In too many cases, applying modern standards of interior climate comfort to
historic buildings has proven detrimental to historic materials and decorative finishes.
This Preservation Brief underscores the importance of careful planning in order to
balance the preservation objectives with interior climate needs of the building. It is not
intended as a technical guide to calculate tonnage or to size piping or ductwork. Rather,
this Brief identifies some of the problems associated with installing mechanical systems
in historic buildings and recommends approaches to minimizing the physical and visual
damage associated with installing and maintaining these new or upgraded systems.
Historic buildings are not easily adapted to house modern precision mechanical systems.
Careful planning must be provided early on to ensure that decisions made during the

design and installation phases of a new system are appropriate. Since new mechanical
and other related systems, such as electrical and fire suppression, can use up to 10% of
a building's square footage and 30%-40% of an overall rehabilitation budget, decisions
must be made in a systematic and coordinated manner. The installation of inappropriate
mechanical systems may result in any or all of the following:
•
•
•
•
•
•

large sections of historic materials are removed to install or house new systems.
historic structural systems are weakened by carrying the weight of, and
sustaining vibrations from, large equipment.
moisture introduced into the building as part of a new system migrates into
historic materials and causes damage, including biodegradation, freeze/thaw
action, and surface staining.
exterior cladding or interior finishes are stripped to install new vapor barriers and
insulation.
historic finishes, features, and spaces are altered by dropped ceilings and boxed
chases or by poorly located grilles, registers, and equipment.
systems that are too large or too small are installed before there is a clearly
planned use or a new tenant.

The dropped ceilings covering an air
conditioning system also cover the historic
windows, altering their proportion and
resulting in loss of the historic character.
Photo: NPS files.

For historic properties it is critical to understand
what spaces, features, and finishes are historic
in the building, what should be retained, and
what the realistic heating, ventilating, and
cooling needs are for the building, its occupants,
and its contents. A systematic approach,
involving preservation planning, preservation
design, and a follow-up program of monitoring
and maintenance, can ensure that new systems
are successfully added--or existing systems are
suitably upgraded--while preserving the historic
integrity of the building.

No set formula exists for determining what type
of mechanical system is best for a specific
building. Each building and its needs must be
evaluated separately. Some buildings will be so significant that every effort must be
made to protect the historic materials and systems in place with minimal intrusion from
new systems. Some buildings will have museum collections that need special climate
control. In such cases, curatorial needs must be considered--but not to the ultimate
detriment of the historic building resource. Other buildings will be rehabilitated for
commercial use. For them, a variety of systems might be acceptable, as long as
significant spaces, features, and finishes are retained.
Most mechanical systems require upgrading or replacement within 15-30 years due to
wear and tear or the availability of improved technology. Therefore, historic buildings
should not be greatly altered or otherwise sacrificed in an effort to meet short-term
systems objectives.

History of Mechanical Systems
The history of mechanical systems in buildings involves a study of inventions and
ingenuity as building owners, architects, and engineers devised ways to improve the
interior climate of their buildings. Following are highlights in the evolution of heating,
ventilating, and cooling systems in historic buildings.

Eighteenth Century. Early heating and ventilation in America relied upon common
sense methods of managing the environment. Builders purposely sited houses to capture
winter sun and prevailing summer cross breezes; they chose materials that could help
protect the inhabitants from the elements, and took precautions against precipitation
and damaging drainage patterns. The location and sizes of windows, doors, porches, and
the floor plan itself often evolved to maximize ventilation. Heating was primarily from
fireplaces or stoves and, therefore, was at the source of delivery. In 1744, Benjamin
Franklin designed his "Pennsylvania stove" with a fresh air intake in order to maximize
the heat radiated into the room and to minimize annoying smoke.
Thermal insulation was rudimentary--often wattle and daub, brick and wood nogging.
The comfort level for occupants was low, but the relatively small difference between
internal and external temperatures and relative humidity allowed building materials to
expand and contract with the seasons.

Regional styles and architectural features reflected
regional climates. In warm, dry and sunny climates,
thick adobe walls offered shelter from the sun and kept
the inside temperatures cool. Verandas, courtyards,
porches, and high ceilings also reduced the impact of the
sun. Hot and humid climates called for elevated living
floors, louvered grilles and shutters, balconies, and
interior courtyards to help circulate air.
Nineteenth Century. The industrial revolution provided
the technological means for controlling the environment
for the first time. The dual developments of steam
19th century buildings used
energy from coal and industrial mass production made
porches, cupolas, and awnings to
possible early central heating systems with distribution
make them more comfortable in
the summer. Photo: NPS files.
of heated air or steam using metal ducts or pipes.
Improvements were made to early wrought iron boilers
and by late century, steam and low pressure hot water radiator systems were in
common use, both in offices and residences. Some large institutional buildings heated air
in furnaces and distributed it throughout the building in brick flues with a network of
metal pipes delivering heated air to individual rooms. Residential designs of the period
often used gravity hot air systems utilizing decorative floor and ceiling grilles.
Ventilation became more scientific and the introduction of fresh air into buildings became
an important component of heating and cooling. Improved forced air ventilation became
possible in mid-century with the introduction of power-driven fans. Architectural features
such as porches, awnings, window and door transoms, large openwork iron roof trusses,
roof monitors, cupolas, skylights and clerestory windows helped to dissipate heat and
provide healthy ventilation.
Cavity wall construction, popular in masonry structures, improved the insulating qualities
of a building and also provided a natural cavity for the dissipation of moisture produced
on the interior of the building. In some buildings, cinder chips and broken masonry filler
between structural iron beams and jack arch floor vaults provided thermal insulation as
well as fireproofing. Mineral wool and cork were new sources of lightweight insulation
and were forerunners of contemporary batt and blanket insulation.
The technology of the age, however, was not sufficient to produce "tight" buildings.
There was still only a moderate difference between internal and external temperatures.
This was due, in part, to the limitations of early insulation, the almost exclusive use of
single glazed windows, and the absence of airtight construction. The presence of
ventilating fans and the reliance on architectural features, such as operable windows,

cupolas and transoms, allowed sufficient air movement to keep buildings well ventilated.
Building materials could behave in a fairly traditional way, expanding and contracting
with the seasons.

Twentieth Century. The twentieth century saw intensive development of new
technologies and the notion of fully integrating mechanical systems. Oil and gas furnaces
developed in the nineteenth century were improved and made more efficient, with
electricity becoming the critical source of power for building systems in the latter half of
the century. Forced air heating systems with ducts and registers became popular for all
types of buildings and allowed architects to experiment with architectural forms free
from mechanical encumbrances.

In the 1920s large-scale theaters and auditoriums
introduced central air conditioning, and by mid-century
forced air systems which combined heating and air
conditioning in the same ductwork set a new standard
for comfort and convenience. The combination and
coordination of a variety of systems came together in the
post-World War II high-rise buildings; complex heating
and air conditioning plants, electric elevators,
mechanical towers, ventilation fans, and full service
electric lighting were integrated into the building's
design.
The insulating qualities of building materials improved.
Synthetic materials, such as spun fiberglass batt
insulation, were fully developed by mid-century. Prototypes of insulated thermal glazing
and integral storm window systems were promoted in construction journals. Caulking to
seal out perimeter air around window and door openings became a standard construction
detail.
The last quarter of the twentieth century has seen making HVAC systems more energy
efficient and better integrated. The use of vapor barriers to control moisture migration,
thermally efficient windows, caulking and gaskets, compressed thin wall insulation, has
become standard practice. New integrated systems now combine interior climate control
with fire suppression, lighting, air filtration, temperature and humidity control, and
security detection. Computers regulate the performance of these integrated systems
based on the time of day, day of the week, occupancy, and outside ambient
temperature.

Climate Control and Preservation
Although twentieth century mechanical systems technology has had a tremendous
impact on making historic buildings comfortable, the introduction of these new systems
in older buildings is not without problems. The attempt to meet and maintain modern
climate control standards may in fact be damaging to historic resources. Modern systems
are often over-designed to compensate for inherent inefficiencies of some historic
buildings materials and plan layouts. Energy retrofit measures, such as installing exterior
wall insulation and vapor barriers or the sealing of operable window and vents,
ultimately affect the performance and can reduce the life of aging historic materials.

In general, the greater the differential between
the interior and exterior temperature and
humidity levels, the greater the potential for
damage. As natural vapor pressure moves
moisture from a warm area to a colder, dryer
area, condensation will occur on or in building
materials in the colder area. Too little humidity in
winter, for example, can dry and crack historic
wooden or painted surfaces. Too much humidity
in winter causes moisture to collect on cold
surfaces, such as windows, or to migrate into
walls. As a result, this condensation deteriorates Complex mechanical systems for
institutional buildings may require a central
wooden or metal windows and causes rotting of
control room. Photo: NPS files.
walls and wooden structural elements,
dampening insulation and holding moisture
against exterior surfaces. Moisture migration through walls can cause the corrosion of
metal anchors, angles, nails or wire lath, can blister and peel exterior paint, or can leave
efflorescence and salt deposits on exterior masonry. In cold climates, freeze-thaw
damage can result from excessive moisture in external walls.
To avoid these types of damage to a historic building, is important to understand how
building components work together as a system. Methods for controlling interior
temperature and humidity and improving venation must be considered in any new or
upgraded HVAC or climate control system. While certain energy retrofit measures will
have a positive effect on the overall building, installing effective vapor barriers in historic
walls is difficult and often results in destruction of significant historic materials.

Planning the New System
Climate control systems are generally classified according to the medium used to
condition the temperature: air, water, or a combination of both. The complexity of
choices facing a building owner or manager means that a systematic approach is critical
in determining the most suitable system for a building, its contents, and its occupants.
No matter which system is installed, a change in the interior climate will result. This
physical change will in turn affect how the building materials perform. New registers,
grilles, cabinets, or other accessories associated with the new mechanical system will
also visually change the interior (and sometimes the exterior) appearance of the
building. Regardless of the type or extent of a mechanical system, the owner of a
historic building should know before a system is installed what it will look like and what
problems can be anticipated during the life of that system. The potential harm to a
building and costs to an owner of selecting the wrong mechanical system are very great.
The use of a building and its contents will largely determine the best type of mechanical
system. The historic building materials and construction technology as well as the size
and availability of secondary spaces within the historic structure will affect the choice of
a system. It may be necessary to investigate a combination of systems. In each case,
the needs of the user, the needs of the building, and the needs of a collection or
equipment must be considered. It may not be necessary to have a comprehensive
climate control system if climate-sensitive objects can be accommodated in special areas
or climate-controlled display cases. It may not be necessary to have central air
conditioning in a mild climate if natural ventilation systems can be improved through the
use of operable windows, awnings, exhaust fans, and other "lowtech" means. Modern
standards for climate control developed for new construction may not be achievable or
desirable for historic buildings. In each case, the lowest level of intervention needed to
successfully accomplish the job should be selected.

Before a system is chosen, the following planning steps are recommended:
1. Determine the use of the building. The proposed use of the building (museum,
commercial, residential, retail) will influence the type of system that should be installed.
The number of people and functions to be housed in a building will establish the level of
comfort and service that must be provided. Avoid uses that require major modifications
to significant architectural spaces. What is the intensity of use of the building:
intermittent or constant use, special events or seasonal events? Will the use of the
building require major new services such as restaurants, laundries, kitchens, locker
rooms, or other areas that generate moisture that may exacerbate climate control within
the historic space? In the context of historic preservation, uses that require radical
reconfigurations of historic spaces are inappropriate for the building.
2. Assemble a qualified team. This team ideally should consist of a preservation
architect, mechanical engineer, electrical engineer, structural engineer, and preservation
consultants, each knowledgeable in codes and local requirements. If a special use
(church, museum, art studio) or a collection is involved, a specialist familiar with the
mechanical requirements of that building type or collection should also be hired.
Team members should be familiar with the needs of historic buildings and be able to
balance complex factors: the preservation of the historic architecture (aesthetics and
conservation), requirements imposed by mechanical systems (quantified heating and
cooling loads), building codes (health and safety), tenant requirements (quality of
comfort, ease of operation), access (maintenance and future replacement), and the
overall cost to the owner.
3. Undertake a condition assessment of the existing building and its systems.
What are the existing construction materials and mechanical systems? What condition
are they in and are they reusable? Where are existing chillers, boilers, air handlers, or
cooling towers located? Look at the condition of all other services that may benefit from
being integrated into a new system, such as electrical and fire suppression systems.
Where can energy efficiency be improved to help downsize any new equipment added,
and which of the historic features, e.g. shutters, awnings, skylights, can be reused?
Evaluate air infiltration through the exterior envelope; monitor the interior for
temperature and humidity levels with hygrothermographs for at least a year. Identify
building, site, or equipment deficiencies or the presence of asbestos that must be
corrected prior to the installation or upgrading of mechanical systems.
4. Prioritize architecturally significant spaces, finishes, and features to be
preserved. Significant architectural spaces, finishes and features should be identified
and evaluated at the outset to ensure their preservation. This includes significant
existing mechanical systems or elements such as hot water radiators decorative grilles,
elaborate switch-plates, and nonmechanical architectural features such as cupolas,
transoms, or porches. Identify nonsignificant spaces where mechanical equipment can
be placed and secondary spaces where equipment and distribution runs on both a
horizontal and vertical basis can be located. Appropriate secondary spaces for housing
equipment might include attics, basements, penthouses, mezzanines, false ceiling or
floor cavities, vertical chases, stair towers, closets, or exterior below-grade vaults.

5. Become familiar with local
building and fire codes.
Owners or their representatives
should meet early and often
with local officials. Legal
requirements should be
checked; for example, can
existing ductwork be reused or
modified with dampers? Is
asbestos abatement required?
What are the energy, fire, and
safety codes and standards in
place, and how can they be met
while maintaining the historic
character of the building? How
The flexible duct work, seen here, can be used to advantage in
tight attic spaces. Photo: NPS files.
are fire separation walls and
rated mechanical systems to be
handled between multiple tenants? Is there a requirement for fresh air intake for stair
towers that will affect the exterior appearance of the building? Many of the health,
energy, and safety code requirements will influence decisions made for mechanical
equipment for climate control. It is importance to know what they are before the design
phase begins.
6. Evaluate options for the type and size of systems. A matrix or feasibility studies
should be developed to balance the benefits and drawbacks of various systems. Factors
to consider include heating and/or cooling, fuel type, distribution system, control
devices, generating equipment and accessories such as filtration, and humidification.
What are the initial installation costs, projected fuel costs, long-term maintenance, and
life-cycle costs of these components and systems? Are parts of an existing system being
reused and upgraded? The benefits of added ventilation should not be overlooked. What
are the tradeoffs between one large central system and multiple smaller systems?
Should there be a forced air ducted system, a two-pipe fan coil system, or a combined
water and air system? What space is available for the equipment and distribution
system? Assess the fire risk levels of various fuels. Understand the advantages and
disadvantages of the various types of mechanical systems available. Then evaluate each
of these systems in light of the preservation objectives established during the design
phase of planning.

Overview of HVAC Systems
WATER SYSTEMS: Hydronic radiators, Fan coil, or radiant pipes
Water systems are generally called hydronic and use a network of pipes to deliver water
to hot water radiators, radiant pipes set in floors or fan coil cabinets which can give both
heating and cooling. Boilers produce hot water or steam; chillers produce chilled water
for use with fan coil units. Thermostats control the temperature by zone for radiators
and radiant floors.

Fan coil units have individual controls.
Radiant floors provide quiet, even heat,
but are not common.
Advantages: Piped systems are generally
easier to install in historic buildings
because the pipes are smaller than
ductwork.
Disadvantages: There is the risk,
however, of hidden leaks in the wall or
burst pipes in winter if boilers fail. Fan coil
condensate pans can overflow if not
properly maintained. Fan coils may be
noisy.
A fan coil unit in the basement is feeding controlled

air to a primary space upstairs. Photo: Courtesy,
Hydronic Radiators: Radiators or
Karen Sweeney, Frank Lloyd Wright Home & Studio.
baseboard radiators are looped together
and are usually set under windows or
along perimeter walls. New boilers and circulating pumps can upgrade older systems.
Most piping was cast iron although copper systems can be used if separately zoned.
Modern cast iron baseboards and copper fin-tubes are available. Historic radiators can be
reconditioned.

Fan Coil Units: Fan coil systems use terminal cabinets in each room serviced by 2, 3, or
4 pipes approximately 11/2" each in diameter. A fan blows air over the coils which are
serviced by hot or chilled water. Each fan coil cabinet can be individually controlled.
Four-pipe fan coils can provide both heating and cooling all year long. Most piping is
steel. Non-cabinet units may be concealed in closets or custom cabinetry, such as
benches, can be built.
CENTRAL AIR SYSTEMS
The basic heating, ventilation and air conditioning (HVAC) system is all-air, single zone
fan driven designed for low, medium or high pressure distribution. The system is
composed of compressor drives, chillers, condensers, and furnace depending on whether
the air is heated, chilled or both. Condensers, generally air cooled, are located outside.
The ducts are sheet metal or flexible plastic and can be insulated. Fresh air can be
circulated. Registers can be designed for ceilings, floors and walls. The system is
controlled by thermostats; one per zone.
Advantages: Ducted systems offer a high level of control of interior temperature,
humidity, and filtration. Zoned units can be relatively small and well concealed.
Disadvantages: The damage from installing a ducted system without adequate space can
be serious for a historic building. Systems need constant balancing and can be noisy.
Basic HVAC: Most residential or small commercial systems will consist of a basic
furnace with a cooling coil set in the unit and a refrigerant compressor or condenser
located outside the building. Heating and cooling ductwork is usually shared. If
sophisticated humidification and dehumidification is added to the basic HVAC system, a
full climate control system results. This can often double the size of the equipment.
Basic Heat Pump/Air System: The heat pump is a basic HVAC system as described
above except for the method of generating hot and cold air. The system operates on the
basic

refrigeration cycle where latent heat is extracted from the ambient air and is used to
evaporate refrigerant vapor under pressure. Functions of the condenser and evaporator
switch when heating is needed. Heat pumps, somewhat less efficient in cold climates,
can be fitted with electric resistance coil.
COMBINED AIR AND WATER SYSTEMS
These systems are popular for restoration work because they combine the ease of
installation for the piped system with the performance and control of the ducted system.
Smaller air handling units, not unlike fan coils, may be located throughout a building
with service from a central boiler and chiller. In many cases the water is delivered from
a central plant which services a complex of buildings.
This system overcomes the disadvantages of a central ducted system where there is not
adequate horizontal or vertical runs for the ductwork. The equipment, being smaller,
may also be quieter and cause less vibration. If only one air handler is being utilized for
the building, it is possible to house all the equipment in a vault outside the building and
send only conditioned air into the structure.
Advantages: flexibility for installation using greater piping runs with shorter ducted runs;
Air handlers can fit into small spaces.
Disadvantages: piping areas may have undetected leaks; air handlers may be noisy.
OTHER SYSTEM COMPONENTS
Non-systems components should not be overlooked if they can make a building more
comfortable without causing damage to the historic resource or its collection.

Advantages: components may provide acceptable levels
of comfort without the need for an entire system.
Disadvantages: Spot heating, cooling and fluxuations in
humidity may harm sensitive collections or furnishings.
If an integrated system is desirable, components may
provide only a temporary solution.
Portable Air Conditioning:
Most individual air conditioners are set in windows or
through exterior walls which can be visually as well as
physically damaging to historic buildings. Newer portable
air conditioners are available which sit in a room and
exhaust directly to the exterior through a small slot
created by a raised window sash.

Installing a fan (successfully
concealed here) for increased
ventilation can be a successful
low-tech substitute for air
conditioning. Photo: Courtesy,
Shelburne Village.

Fans: Fans should be considered in most properties to
improve ventilation. Fans can be located in attics, at the
top of stairs, or in individual rooms. In moderate
climates, fans may eliminate the need to install central
air systems.

Dehumidifiers: For houses without central air handling systems, a dehumidifier can
resolve problems in humid climates. Seasonal use of dehumidifiers can remove moisture
from damp basements and reduce fungal growth.

Heaters: Portable radiant heaters, such as those with water and glycol, may provide
temporary heat in buildings used infrequently or during systems breakdowns. Care
should be taken not to create a fire hazard with improperly wired units.

Designing the new system
In designing a system, it is important to anticipate how it will be installed, how damage
to historic materials can be minimized, and how visible the new mechanical system will
be within the restored or rehabilitated spaces. Mechanical equipment space needs are
often overwhelming; in some cases, it may be advantageous to look for locations outside
of the building, including ground vaults, to house some of the equipment but only if it
there is no adverse impact to the historic landscape or adjacent archeological resources.
Various means for reducing the heating and cooling loads (and thereby the size of the
equipment) should be investigated. This might mean reducing slightly the comfort levels
of the interior, increasing the number of climate control zones, or improving the energy
efficiency of the building.
The following activities are suggested during the design phase of the new system:
1. Establish specific criteria for the new or upgraded mechanical system. New
systems should be installed with a minimum of damage to the resource and should be
visually compatible with the architecture of the building. They should be installed in a
way that is easy to service, maintain, and upgrade in the future. There should be safety
and backup monitors in place if buildings have collections, computer rooms, storage
vaults or special conditions that need monitoring. The new systems should work within
the structural limits of the historic building. They should produce no undue vibration, no
undue noise, no dust or mold, and no excess moisture that could damage the historic
building materials. If any equipment is to be located outside of the building, there should
be no impact to the historic appearance of building or site, and there should be no
impact on archeological resources.
2. Prioritize the requirements for the new climate control system. The use of the
building will determine the level of interior comfort and climate control. Sometimes,
various temperature zones may safely be created within a historic building. This zoned
approach may be appropriate for buildings with specialized collections storage, for
buildings with mixed uses, or for large buildings with different external exposures,
occupancy patterns, and delivery schedules for controlled air. Special archives, storage
vaults or computer rooms may need a completely different climate control from the rest
of the building. Determine temperature and humidity levels for occupants and collections
and ventilation requirements between differing zones. Establish if the system is to run
24 hours a day or only during operating or business hours. Determine what controls are
optimum (manual, computer, preset automatic, or other). The size and location of the
equipment to handle these different situations will ultimately affect the design of the
overall system as well.

3. Minimize the impact of the new HVAC on the
existing architecture. Design criteria for the new
system should be based on the type of architecture of
the historic resource. Consideration should be given
as to whether or not the delivery system is visible or
hidden. Utilitarian and industrial spaces may be
capable of accepting a more visible and functional
system. More formal, ornate spaces which may be
part of an interpretive program may require a less
visible or disguised system. A ducted system should
be installed without ripping into or boxing out large
sections of floors, walls, or ceilings. A wet pipe system
This radiator would be identified as a
should be installed so that hidden leaks will not
significant element of the interior. In
damage important decorative finishes. In each case,
any work to upgrade the mechanical
not only the type of system (air, water, combination), system, it would be retained and
preserved, even if non-functioning.
but its distribution (duct, pipe) and delivery
Photo: NPS files.
appearance (grilles, cabinets, or registers) must be
evaluated. It may be necessary to use a combination of different systems in order to
preserve the historic building. Existing chases should be reused whenever possible.
4. Balance quantitative requirements and preservation objectives. The ideal
system may not be achievable for each historic resource due to cost, space limitations,
code requirements, or other factors beyond the owner's control. However, significant
historic spaces, finishes, and features can be preserved in almost every case, even given
these limitations. For example, if some ceiling areas must be slightly lowered to
accommodate ductwork or piping, these should be in secondary areas away from
decorative ceilings or tall windows. If modern fan coil terminal units are to be visible in
historic spaces, consideration should be given to custom designing the cabinets or to
using smaller units in more locations to diminish their impact. If grilles and registers are
to be located in significant spaces, they should be designed to work within the geometry
or placement of decorative elements. All new elements, such as ducts, registers, piperuns, and mechanical equipment should be installed in a reversible manner to be
removed in the future without further damage to the building.

Systems Performance and Maintenance
Once the system is installed, it will require routine maintenance and balancing to ensure
that the proper performance levels are achieved. In some cases, extremely
sophisticated, computerized systems have been developed to control interior climates,
but these still need monitoring by trained staff.

A sprinkler system is unobtrusively placed
behind a false cornice at the end of a
corridor. Photo: NPS files.

If collection exhibits and archival storage are
important to the resource, the climate control
system will require constant monitoring and
tuning. Backup systems are also needed to
prevent damage when the main system is not
working. The owner, manager, or chief of
maintenance should be aware of all aspects of
the new climate control system and have a plan
of action before it is installed.

Regular training sessions on operating, monitoring, and maintaining the new system
should be held for both curatorial and building maintenance staff. If there are curatorial

reasons to maintain constant temperature or humidity levels, only individuals thoroughly
trained in how the HVAC systems operates should be able to adjust thermostats. Illinformed and haphazard attempts to adjust comfort levels, or to save energy over
weekends and holidays, can cause great damage.

HVAC Do's and Don'ts
DO's:
•

•
•
•
•
•

•
•
•
•
•
•
•
•

Use shutters, operable windows, porches, curtains, awnings, shade trees and
other historically appropriate nonmechanical features of historic buildings to
reduce the heating and cooling loads. Consider adding sensitively designed storm
windows to existing historic windows.
Retain or upgrade existing mechanical systems whenever possible: for example,
reuse radiator systems with new boilers, upgrade ventilation within the building,
install proper thermostats or humidistats.
Improve energy efficiency of existing buildings by installing insulation in attics
and basements. Add insulation and vapor barriers to exterior walls only when it
can be done without further damage to the resource.
In major spaces, retain decorative elements of the historic system whenever
possible. This includes switch-plates, grilles and radiators. Be creative in adapting
these features to work within the new or upgraded system.
Use space in existing chases, closets or shafts for new distribution systems.
Design climate control systems that are compatible with the architecture of the
building: hidden system for formal spaces, more exposed systems possible in
industrial or secondary spaces. In formal areas, avoid standard commercial
registers and use custom slot registers or other less intrusive grilles.
Size the system to work within the physical constraints of the building. Use multizoned smaller units in conjunction with existing vertical shafts, such as stacked
closets, or consider locating equipment in vaults underground, if possible.
Provide adequate ventilation to the mechanical rooms as well as to the entire
building. Selectively install air intake grilles in less visible basement, attic, or rear
areas.
Maintain appropriate temperature and humidity levels to meet requirements
without accelerating the deterioration of the historic building materials. Set up
regular monitoring schedules.
Design the system for maintenance access and for future systems replacement.
For highly significant buildings, install safety monitors and backup features, such
as double pans, moisture detectors, lined chases, and battery packs to avoid or
detect leaks and other damage from system failures.
Have a regular maintenance program to extend equipment life and to ensure
proper performance.
Train staff to monitor the operation of equipment and to act knowledgeably in
emergencies or breakdowns.
Have an emergency plan for both the building and any curatorial collections in
case of serious malfunctions or breakdowns.

DON'TS:
•
•
•
•

Don't install a new system if you don't need it.
Don't switch to a new type of system (e.g. forced air) unless there is sufficient
space for the new system or an appropriate place to put it.
Don't over-design a new system. Don't add air conditioning or climate control if
they are not absolutely necessary.
Don't cut exterior historic building walls to add through-wall heating and air
conditioning units. These are visually disfiguring, they destroy historic fabric, and

•
•
•
•
•
•
•
•

condensation runoff from such units can further damage historic materials.
Don't damage historic finishes, mask historic features, or alter historic spaces
when installing new systems.
Don't drop ceilings or bulkheads across window openings.
Don't remove repairable historic windows or replace them with inappropriately
designed thermal windows.
Don't seal operable windows, unless part of a museum where air pollutants and
dust are being controlled.
Don't place condensers, solar panels, chimney stacks, vents or other equipment
on visible portions of roofs or at significant locations on the site.
Don't overload the building structure with the weight of new equipment,
particularly in the attic.
Don't place stress on historic building materials through the vibrations of the new
equipment.
Don't allow condensation on windows or within walls to rot or spall adjacent
historic building materials.

Maintenance staff should learn how to operate, monitor, and maintain the mechanical
equipment. They must know where the maintenance manuals are kept. Routine
maintenance schedules must be developed for changing and cleaning filters, vents, and
condensate pans to control fungus, mold, and other organisms that are dangerous to
health. Such growths can harm both inhabitants and equipment. (In piped systems, for
example, molds in condensate pans can block drainage lines and cause an overflow to
leak onto finished surfaces). Maintenance staff should also be able to monitor the
appropriate gauges, dials, and thermographs. Staff must be trained to intervene in
emergencies, to know where the master controls are, and whom to call in an
emergency. As new personnel are hired, they will also require maintenance training.
In addition to regular cyclical maintenance, thorough inspections should be undertaken
from time to time to evaluate the continued performance of the climate control system.
As the system ages, parts are likely to fail, and signs of trouble may appear.
Inadequately ventilated areas may smell musty. Wall surfaces may show staining, wet
patches, bubbling or other signs of moisture damage. Routine tests for air quality,
humidity, and temperature should indicate if the system is performing properly. If there
is damage as a result of the new system, it should be repaired immediately and then
closely monitored to ensure complete repair.
Equipment must be accessible for maintenance and should be visible for easy inspection.
Moreover, since mechanical systems last only 15-30 years, the system itself must be
"reversible." That is, the system must be installed in such a way that later removal will
not damage the building. In addition to servicing, the backup monitors that signal
malfunctioning equipment must be routinely checked, adjusted, and maintained.
Checklists should be developed to ensure that all aspects of routine maintenance are
completed and that data is reported to the building manager.

Conclusion
The successful integration of new systems in historic buildings can be challenging.
Meeting modern HVAC requirements for human comfort or installing controlled climates
for museum collections or for the operation of complex computer equipment can result in
both visual and physical damage to historic resources. Owners of historic buildings must
be aware that the final result will involve balancing multiple needs; no perfect heating,
ventilating, and air conditioning system exists. In undertaking changes to historic
buildings, it is best to have the advice and input of trained professionals who can:

•
•
•
•
•
•
•
•
•

assess the condition of the historic building,
evaluate the significant elements that should be preserved or reused,
prioritize the preservation objectives,
understand the impact of new interior climate conditions on historic materials
integrate preservation with mechanical and code requirements,
maximize the advantages of various new or upgraded mechanical systems,
understand the visual and physical impact of various installations,
identify maintenance and monitoring requirements for new or upgraded systems,
and
plan for the future removal or replacement of the system.

Too often the presumed climate needs of the occupants or collections can be detrimental
to the long-term preservation of the building. With a careful balance between the
preservation needs of the building and the interior temperature and humidity needs of
the occupants, a successful project can result.
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The paint Americans used in the past is undeniably part of a technological and
commercial record. But beyond that, the colors we have chosen and continue to select
for our interior living and working spaces--bright and exuberant, purposefully somber, or
a combination of hues--reflect our nation's cultural influences and our individual and
collective spirit. Paint color is a simple, direct expression of the time, and of taste,
values, and mood. To consider paint only as a protective coating is to misunderstand its
meaning as an important aspect of America's heritage.

This Brief is about historic interior paints
and choosing new paints for historic
interiors if repainting is necessary or
desirable. It addresses a variety of
materials and features: plaster walls and
ceilings; wooden doors, molding, and trim;
and metal items such as radiators and
railings. It provides background information
about some of the types of paint which
were used in the past, discusses the more
Researching the interior paint history is the key to
common causes and effects of interior paint
a successful preservation or restoration project.
The decorative detailing can be appreciated in this failure, and explains the principal factors
Puerto Rico Theater primarily because of
guiding decisions about repainting,
appropriate paint color and paint placement.
including what level of paint investigation
Photo: Max Toro.
may be appropriate. Careful thought should
be given to each interior paint project, depending on the history of the building and its
painted surfaces. Treatments may range from protecting extant decorative surfaces, to

ordering custommade paint that replicates the original paint color, to using today's paint
straight off the shelf and out of the can.
Finally, stripping old paints or applying new oil/alkyd paints poses serious health and
safety concerns; the State Historic Preservation Officer should be contacted for current
legal and technical information on removal, disposal, and health and safety precautions.

Constituents of Historic Paint: Pigment, Binder, and Vehicle
Paint is a dispersion of small solid particles, usually crystalline, in a liquid medium.
Applied to a surface, this liquid has the special quality of becoming a solid, protective
film when it dries. Paint also enhances the appearance of surfaces. A late Victorian writer
observed that the coming of a painter to a house was cause for celebration. Indeed,
these statements not only indicate the chemical and physical complexity of paint, but
also its emotional impact.

Pigment. Pigment made the paint opaque, thus preventing
deterioration of the substrate caused by ultraviolet light, and
added color, thus making the paint attractive. White lead, a
whitish corrosion product of lead, was most often used to
provide opacity. The white pigment in a colored paint is often
called the "hiding" pigment. In addition to preventing the sun's
damaging rays from hitting the surface of the substrate, the
white lead also helped prevent the growth of mold and
mildew. Not until early in the 20th century was a successful
substitute, titanium dioxide (TiO2), patented, and even then,
it did not come into prevalent use by itself until the mid-20th
century (earlier in the century, titanium oxide and white lead
were often mixed). Zinc oxide was used briefly as a hiding
pigment after 1850.
Early tinting pigments for house paints consisted of the earth
pigments--ochres, siennas, umbers made from iron-oxide
containing clay--and a few synthesized colorants such as
Prussian blue, or mercuric sulfide (crimson). From the early
1800s on more pigments were developed and used to offer a
wider and brighter variety of hues.

There were numerous
companies producing white
lead in the United States by
mid-19th century. Shown is
one manufacturer's flyer.
Photo: NPS files.

Binder. The most common binder in interior paints was, and still is, oil. Chalk was
sometimes added to waterbased paints to help bind the pigment particles together.
Other common binders included hide glue and gelatin.
Vehicle. The fluid component was termed the vehicle, or medium, because it carried the
pigment. Historically, vehicles included turpentine in oil paints and water in waterbased
paints, but other vehicles were sometimes used, such as milk in casein paints.

Oil-Based and Water-Based Paints
The two major types of paint are termed oil-based and water-based. For oilbased paints,
linseed oil was frequently chosen because it is a drying oil. When thinned with an organic
solvent such as turpentine for easier spreading, its drying speed was enhanced. To make
the drying even faster, drying agents such as cobalt compounds were frequently added.

Because the addition of driers was most successfully done in hot or boiling oil, boiled
linseed oil was preferable. The drying rate of linseed oil paints was relatively rapid at
first, for several days immediately after application, and paint soon felt dry to the touch;
it is important to remember, however, that linseed oil paint continues to dry--or more
precisely, to crosslink--over decades and thus continues to a point of brittleness as the
paint ages. Strong and durable with a surface sheen, oil-based paints were mainly used
for wood trim and metal.
Whitewashes and distemper paints differed from oil paints in appearance primarily
because the vehicle was water. Waterbased paints were always flat, having no gloss of
their own. Because the paint film dried to the touch as soon as the water evaporated,
driers were not needed. Waterbase paints were fairly strong, with the pigments well
bound as in hide glue distempers, but they did not hold up to abrasion. Wood trim,
therefore, was rarely painted with these types of paint historically, though interior
plaster surfaces were frequently coated with whitewash and calcimine. Distemper paints
were commonly used for decorative work.
Recent Changes to Paint Constituents. Until the mid-20th century, almost all paints
used in America could be divided according to the type of binder each had. Chemists
sought to improve paints, especially when the two world wars made traditional paint
components scarce and expensive. Modern paints are far more complex chemically and
physically than early paints. More ingredients have been added to the simple threepart
system of pigment, binder, and vehicle. Fillers or extenders such as clay and chalk were
put in to make oil paints flow better and to make them cheaper as well. Mildewcides and
fungicides were prevalent and popular until their environmental hazards were seen to
outweigh their benefits. New formulations which retard the growth of the mildew and
fungi are being used. As noted, lead was eliminated after 1950. Most recently, volatile
organic solvents in oil paint and thinners have been categorized as environmentally
hazardous.
A major difference in modern paints is the change in binder from the use of natural
boiled linseed oil to an alkyd oil which is generally derived from soybean or safflower oil.
Use of synthetic resins, such as acrylics and epoxies, has become prevalent in paint
manufacture in the last 30 years or so. Acrylic resin emulsions in latex paints, with water
thinners, have also become common.
Types of Historic Paints
Historic paints were often made with what was available, rather than adhering to strict
formulas. Recipes for successful formulas can be found in historic documents, such as
newspapers, illustrating the combinations of ingredients which could be used to produce
a paint.
Oil-based paints: Linseed oil, a volatile thinner such as turpentine; a hiding
pigment (usually white lead) and coloring pigments.
Enamels: natural resin varnish was added to oil-based paint to provide a hard, more
glossy surface.
Glaze: a translucent layer applied to protect the paint and to impart a more uniform
gloss surface. Usually made from linseed oil with natural resin varnish added. Some
glazes have small quantities of tinting pigments such as verdigris or Prussian blue; some
had no pigments added.
Water-based paints: Water, pigment, and a binder, such as hide glue, other
natural glues, or gums. Usually used on interior plaster surfaces.

Whitewash: often used on interior plaster surfaces in utilitarian spaces and, at times,
used on interior beams; consisted of water, slaked lime, salt, and a variety of other
materials. Occasionally a pigment (usually an ochre or other earth pigment) was added
to provide tint or color.
Distemper: used for interior applications, were made from water, glues (one or more
different natural glues, gelatine, and gums) with whiting as the basic white pigment to
which other tinting pigments were added.
Calcimine, or kalsomine: often used on interior surfaces and is another common name
for distemper.
Tempera: paint prepared with pigment, egg yolk or white and water; used almost
exclusively for decorative treatments.
Gouache: a waterbased paint made of whiting, pigment, water, and gum arabic as the
binder; used almost exclusively for decorative treatments.
Milk-based paint:
Casein: also called milk paint, was made with hydrated (slaked) lime, pigment, and milk.
Most often oil was added, making a strong emulsion paint. Various recipes call for a
large variety of additives to increase durability. Casein paints were also used for exterior
surfaces.

Pre-1875 Paints
Production and Appearance. How were paints made prior to the widespread use of
factory-made paint after 1875? How did they look? The answers to these questions are
provided more to underscore the differences between early paints and today's paints
than for practical purposes. Duplicating the composition and appearance of historic
paints, including the unevenness of color, the irregularity of surface texture, the depth
provided by a glaze top coat, and the directional lines of application, can be extremely
challenging to a contemporary painter who is using modern materials.

The Boston Stone (1737), a surviving
relic of early paint production, was
used for pigment grinding in the shop
of Thomas Child of Boston, a Londontrained painter and stainer. Photo:
Courtesy, SPNEA.

The pigments used in early paints were coarsely and
unevenly ground, and they were dispersed in the
paint medium by hand; thus, there is a subtle
unevenness of color across the surface of many pre1875 paints. The dry pigments had to be ground in
oil to form a paste and the paste had to be
successively thinned with more oil and turpentine
before the paint was ready for application. The
thickness of the oil medium produced the shiny
surface desired in the 18th century. In combination
with the cylindrical (or round) shaped brushes with
wood handles and boar bristles, it also produced a
paint film with a surface texture of brush strokes.

Geographical Variation. The early churches and
missions built by the French in Canada and the
Spanish in the southwestern United States often had
painted decoration on whitewashed plaster walls,
done with early waterbased paints. By the mid-17th century oil paint was applied to

wood trim in many New England houses, and whitewash was applied to walls. These two
types of paint, one capable of highly decorative effects such as imitating marble or
expensive wood and the other cheap to make and relatively easy to apply, brightened
and enhanced American interiors. In cities such as Boston, Philadelphia, New York, and
later, Washington, painters and stainers who were trained guildsmen from England
practiced their craft and instructed apprentices. The painter's palette of colors included
black and white and grays, buffs and tans, ochre yellows and iron oxide reds, and greens
(from copper compounds) as well as Prussian blue. That such painting was valued and
that a glossy appearance on wood was important are substantiated by evidence of clear
and tinted glazes which may be found by microscopic examination.
Brush Marks. Early paints did not dry out to a flat level surface. Leveling, in fact, was a
property of paint that was much sought after later, but until well into the 19th century,
oil paints and whitewashes showed the signs of brush marks. Application therefore was a
matter of stroking the brush in the right direction for the best appearance. The rule of
thumb was to draw the brush in its final stokes in the direction of the grain of the wood.
Raisedfield paneling, then, required that the painter first cover the surface with paint
and afterward draw the brush carefully along the vertical areas from bottom to top and
along the top and bottom bevels of the panel horizontally from one side to the other.
In the 19th and early 20th centuries, for very fine finishes, several coats were applied
with each coat being rubbed down with rotten stone or pumice after drying. A four to
five coat application was typical; however nine coats were not uncommon at the end of
the century for finishes in some of the grand mansions. Generally, they were given a
final glaze finish. Though expensive, this type of finish would last for decades and give a
rich, smooth appearance.
Color. Color matching is complicated by the fact that all early paints were made by
hand. Each batch of paint, made by painters using books of paint "recipes" or using their
own experience and instincts, might well have slight variations in color--a little darker or
lighter, a little bluer and so on. The earliest known book of paint formulations by an
American painter is the 1812 guide by Hezekiah Reynolds. It gives instructions for the
relative quantities of tinting pigments to be added to a base, but even with proportions
held constant, the amount of mixing, or dispersion, varied from workman to workman
and resulted in color variations.
Knowing all of the facts about early paints can aid in microscopic paint study. For
example, finding very finely and evenly ground pigments, equally dispersed throughout
the ground or vehicle, is an immediate clue that the paint was not made by hand but,
rather, in a factory.
By the first decades of the 19th century more synthetic pigments were available-chrome yellow, chrome green, and shades of red. Discoveries of light, bright, clear
colors in the plaster and mosaic decoration of dwellings at Pompeii caught the fancy of
many Americans and came together with the technology of paint to make for a new
palette of choice, with more delicacy than many of the somewhat greyeddown colors of
the 18th century. Of course, the blues which could be produced with Prussian blue in the
18th and 19th centuries were originally often strong in hue. That pigment--as were a
number of others-- is fugitive, that is, it faded fairly quickly and thus softened in
appearance. It should be remembered that high style houses from the mid-17th to late
19th centuries often had wallpaper rather than paint on the walls of the important rooms
and hallways.
Glossy/Flat. Another paint innovation of the early 19th century was the use of flatter
oil paints achieved by adding more turpentine to the oil, which thus both thinned and
flatted them. By the 1830s the velvety look of flat paint was popular.

Wherever decorative plaster was present, as it frequently was during the height of the
Federal period, distemper paints were the coating of choice. Being both thin and readily
removable with hot water, they permitted the delicate plaster moldings and elaborate
floral or botanical elements to be protected and tinted but not obscured by the buildup of
many paint layers. (The use of waterbased paints on ceilings continued through the
Victorian years for the same reasons.)
Unfortunately, flat paints attract dirt, which is less likely to adhere to high gloss
surfaces, and are thus harder to wash. Victorians tended to use high gloss clear (or
tinted) finishes such as varnish or shellac on much of their wood trim and to use flat or
oil paints on walls and ceilings.

Decorative Painting. In interiors, paint could be
used creatively and imaginatively, most often to
decorate rather than to protect. Decorative forms
included stencilling, graining and marbleizing, and
trompe l'oeil. Stencilling. Stencilled designs on
walls were often used in the first half of the 19th
century in place of wallpaper. Old Sturbridge
The task of preserving or restoring
Village, in Massachusetts, has paintings showing
decorative work, such as the complex
the interiors of a (c. 1815-1820) farmhouse which stencilling shown here, should only be
has both stencilled walls--imitating wallpaper--and undertaken by professionals who have
specialized training. Photo: Alexis Elza.
painted floors or oiled and painted floor cloths,
imitating fine carpets. By 1850 and for the next 60
years thereafter, stencilled and freehandpainted decoration for walls and ceilings became
a high as well as a humble art. Owen Jones' Grammar of Ornament, published in 1859,
provided the source for painted decoration from Portland to Peoria, Savannah to San
Francisco.

Historic doors may have
graining patterns or clear
finishes under one or
several coats of plain
paint, such as these
restored 18th and 19th
century doors. Photo: Jack
E. Boucher, HABS, NPS.

Graining and marbleizing. If floors, walls, and ceilings were
decorated by paint in a variety of styles, the wood and stone
trim of rooms was not omitted. The use of faux bois, that is,
painting a plain or common wood such as pine to look like
mahogany or some finer wood, or faux marbre, painting a wood
or plaster surface to look like marble--realistically or
fantastically--was common in larger homes of the 18th century.
By the early 19th century, both stylized graining and
marbleizing adorned the simple rural or small town houses as
well. Often baseboards and stair risers were marbleized as were
fireplace surrounds. Plain slate was painted to look like fine
Italian marble. In many simple buildings, and, later, in the
Victorian period, many prominent buildings such as town halls
and churches, the wood trim was given a realistic graining to
resemble quarter sawn oak, walnut, or a host of other exotic
woods.

Trompe L'oeil. Churches, courthouses, and state capitols
frequently received yet another remarkable use of paint:
trompe l'oeil decoration. Applied by skilled artists and artisans,
painted designs--most often using distemper paints or oils-could replicate threedimensional architectural detailing such as ornate molded plaster
moldings, medallions, panels, and more.

Factory-Made Paints after 1875
An enormous growth of the paint industry began in the 1860s, stimulated by the
invention of a suitable marketing container--the paint can. The first factory-made paints
in cans consisted of more finely ground pigments in an oil base; after purchase,
additional oil was added to the contents of the can to make up the paint. Such paints
saved the time of handgrinding pigments, and were discussed at length by John Masury
in his numerous books. After 1875, factory-made paints were available at a reasonable
cost and, as a result, greater numbers of people painted and decorated more of their
buildings, and more frequently. The new commercial market created by ready-mixed
paint became the cornerstone of our modern paint industry.

20th Century Paints
By the early decades of the 20th century, popular taste turned away from exuberant
colors and decoration. Until the late 1920s both the Colonial Revival and Arts and Crafts
styles tended toward more subdued colors and, in the case of Colonial Revival, a more
limited palette. The use of faux finishes, however, continued. Residential architecture
often featured stencilling, such as painted borders above wainscoting or at ceiling and
wall edges to imitate decorative wallpaper. Institutional buildings in both cities and small
towns used wood graining on metalclad doors, door and window frames, and staircases,
and had stencilled ceilings as well. Many high style public buildings of the 1920s had
painted ceilings which imitated the Spanish and Italian late medieval and Renaissance
styles.

Although stenciling, gilding, and faux finishes can be
found, they did not express the modern style of the
time. On the other hand, glaze treatments were
often used in the early 20th century to "antique"
walls and trim that had been painted with neutral
colors, especially in Spanish Colonial Revival and
Mission architecture. The glazes were applied by
ragging, sponging, and other techniques which gave
an interesting and uneven surface appearance.
Colored plasters were sometimes used, and air
brushing employed to give a craftsman-like
appearance to walls, trim, and ceilings. During the
same period, Williamsburg paint colors were
produced and sold to people who wanted their
houses to have a "historic Georgian look." Churches,
country clubs, and many private buildings adopted
the Williamsburg style from the late '20s onward.

The Art Deco style lobby foyer of the
Paramount Theater in Sacramento,
California (1931) features painted
plaster columns and cornices which
have been finished in gold and silver
leaf. Photo: Gabriel Moulin Studios.

Often decorated with simple molded plaster designs of the Art Deco and Art Moderne
styles, interiors of the 1930s and 1940s were frequently accented with metal flake paints
in a full range of metallic colors, from copper to bronze. And enamels, deep but subdued
hues, became popular. Paint technology had progressed and varying degrees of gloss
were also available, including the mid-range enamels, variously called satin, semigloss,
or eggshell. In contrast to Victorian paint treatments, this period was characterized by
simplicity. To some extent, the Bauhaus aesthetic influenced taste in the 1950s; interior
paints were frequently chosen from a palette limited to a few "earth" colors and a
"nearly neutral" palette of off-whites and pale greys.

While the trend in colors and decorative treatments was defined by its simplicity, paint
chemists were developing paints of increasing complexity. Experimentation had started
early in the 20th century and accelerated greatly after World War II. Of greatest
significance was the manufacture of the latex paints for consumer use. Synthetic resin
emulsions carried in water offered advantages over the traditional oil paints, and even
over the oil/alkyd paints: they did not yellow; they permitted water cleanup until dried;
and they emitted no toxic or hazardous fumes from solvent evaporation.

Paint Investigation
Understanding each project's historic preservation goal and knowing what level of
information needs to be collected to achieve that goal is an important responsibility of
the purchaser of the service. Before someone is hired, the owner or manager needs to
decide if a thorough investigation of painted surfaces is actually needed, and how to use
the results when one is done.

Specialists with both training and field experience
conduct paint investigations. These experts use
sophisticated instruments and procedures such as field
sampling, cross-section analysis, and fluorescent and
chemical staining to learn about the components and
behaviors of historic paints. In addition, they utilize
written documentation, verbal research, and visual
information about past painting in the building in
conjunction with findings in the field.
Paint investigation can make several contributions to a
project. A complete analysis of the paint layers on
surfaces within a structure can tell a great deal about
This conservator is shown
the sequence of alterations that have occurred within a
collecting paint samples onsite.
building, as well as potentially providing ranges of dates
Then, in a laboratory, an ultra
violet light microscope will be used for some of these changes. By establishing a full
to identify pigment and binding
sequence of paint layers (termed a chromochronology),
media. Photo: Courtesy, Matt
together with other research, alterations of various
Mosca.
building spaces and features can be associated with
specific paint layers. It is by establishing this association that the correct layer is
identified; when the correct layer has been identified, the color may be matched.

In addition to its archeological value, paint analysis
can determine the types and colors of paint on a
given surface (identification of thin glazes,
decorative paint schemes, binders and pigments).
Beyond color identification, then, paint analysis is
also recommended to diagnose causes of paint
failure. Knowing a paint binder can often explain
causes as well as guide appropriate preservation or
conservation treatments.
Owners and managers should identify all of these
needs before deciding on the extent of analysis. For
example, a complete paint investigation is usually
recommended as part of an historic structure
report. For buildings with little documentation,

A dark layer can be seen beneath the
flaking paint on these raised field panels.
Depending on the project work goal and
the period of the building's history being
interpreted, any one of the paint layers
could be duplicated in repainting. Photo:
NPS files.

additions and alterations can often be identified, and possibly dated, through analysis.
Often the use of such seemingly expensive techniques can save money in the long run
when determining the history of building change.
It is possible to do some analysis on site; this is a much simpler process that can be
undertaken for less cost than the complex laboratory procedures described above.
However, the usefulness of onsite analysis is limited and the results will not be as
precise as results from samples that are analyzed in a laboratory with a good
microscope. Any shortcut approaches to paint analysis that do not follow scientific
procedures are generally not worth the expense. In summary, if preservation and
restoration treatments are being undertaken, a complete investigation is recommended;
for a rehabilitation project, onsite analysis and color matching may provide an adequate
palette.

Choosing a Treatment
Most projects involve repainting. It is the historic appearance of the interior and the
visual impression that will be created by new paint treatments that must be considered
before choosing a particular course of action. The type and colors of paint obviously
depend on the type of building and the use and interpretation of its interior spaces. A
consistent approach is best.
Preservation. When the treatment goal is preservation, a building's existing historic
features and finishes are maintained and repaired, saving as much of the historic paint
as possible. Sometimes, cleaning and washing of painted surfaces is all that is needed.
Or a coating may be applied to protect important examples of history or art. If repainting
is
required, the new paint is matched to existing paint colors using the safer, modern
formulations. Recreating earlier surface colors and treatments is not an objective.

Rehabilitation. In a typical rehabilitation, more latitude
exists in choosing both the kind of new paint as well as
color because the goal is the efficient reuse of interior
spaces. Decisions about new paint often weigh factors
such as economy and durability--use of a high quality
standard paint from a local or national company and
application by a qualified contractor. Color choices may
be based on paint research reports prepared for interior
rooms of comparable date and style. More often,
though, current color values and taste are taken into
account. Again, the safer paint formulations are used.

Interior spaces that are being
rehabilitated for a new use can
benefit from being repainted in
historic period colors rather than a
neutral off-white. Photo: NPS files.

Interiors of institutional buildings, such as university
buildings, city halls, libraries, and churches often
contain rich decorative detailing. During rehabilitation,
careful choices should be made to retain or restore
selected portions of the decorative work as well as
match some of the earlier colors to evoke the historic
sense of time and place. At the least, it is important to
use periodtypical paint color and paint placement.

Restoration. In a restoration project, the goal is to depict the property as it appeared
during its period of greatest significance. This may or may not be the time of its original

construction. For example, if a building dated from 1900 but historians deemed its
significance to be the 1920s, the appropriate paint color match would be the 1920s
layer, not the original 1900 layer.
Based on historical research, onsite collection of paint samples, and laboratory analysis,
surface colors and treatments can be recreated to reflect the property at a particular
period of time. It should be noted that scholarly findings may yield a color scheme that
is not suited to the taste of the contemporary owner, but is nonetheless historically
accurate. In restoration, personal taste in color is not at issue; the evidence should be
strictly followed.
In the restoration process, colors are custom-matched by professionals to give an
accurate representation. If an artist or artisan can be found, the historically replicated
paint may be applied using techniques appropriate to the period of the restoration.
Although custom paint manufacture is seldom undertaken, color and glazing are capable
of being customized. In some projects, paint may be custom-made using linseed oil and,
if building code variances allow it, white lead. For example, the repainting of a number of
rooms at Mount Vernon demonstrates that it is possible to replicate historic paints and
applications in all aspects; however, as noted, replication of historic paint formulation is
not practical for the majority of projects.

Identifying Deteriorated and Damaged Paint Surfaces
Because painted surfaces are subject to abrasion, soiling, water damage, sunlight, and
application of incompatible paints they generally need to be repainted or at least
reglazed appropriately from time to time.
Abrasion. From the baseboards up to a level of about six feet off the floor, wood trim is
constantly subjected to wear from being touched and inadvertently kicked, and from
having furniture pushed against it. Chair rails were in fact intended to take the wear of
having chairs pushed back against them instead of against the more delicate plaster wall
or expensive wallpaper. Doors in particular, sometimes beautifully grained, receive
extensive handling. Baseboards get scraped by various cleaning devices, and the lower
rails of windows, as well as window seats, take abuse. The paint in all of these areas
tends to become abraded. Two things are important to bear in mind about areas of
abraded paint. Samples taken to determine original paint colors and layer sequences will
not be accurate except at undamaged edges. Also, dirt and oil or grease need to be
removed before applying any new paint because new paint will not adhere to dirty,
greasy surfaces.
Dirt. Soiling is another problem of interior paint. Fireplaces smoked; early coalfired
furnaces put out oily black soot; gas lights and candles left dark smudges. Sometimes
the dirt got deposited on plaster walls or ceilings in a way that makes the pattern of the
lath behind the plaster quite clear. Another source of dirt was polluted outside air, from
factories or other industries, infiltrating houses and other nearby buildings. Until
smokestacks became very high, most air pollution was caused by nearby sources.
In paint investigation, dirt on the surface of paint layers; as seen under the microscope,
can be very useful in suggesting the length of time a given paint layer remained
exposed, and in distinguishing a finish layer from a prime or undercoat layer. This kind
of soiling can happen on any painted surface in a room, but may be slightly heavier in
the recesses of moldings and on upwardfacing horizontal edges. Using dirt as a sole
measure, however, may be misleading if the surfaces have been cleaned. The fracture or
bonding between paint layers is often used by professionals as a better means of
indicating time differences between layers as well as indicating those layers that are part

of a single decoration or painting.
Water. Water, the usual source of deterioration for many kinds of material, is also a
prime cause of interior paint failure. As a liquid, it can come from roof leaks, from faulty
plumbing or steam heating systems, or from firesuppression systems that have misfired.
As a vapor, it may come from such human activities as breathing, showering, or
cooking. Plaster walls sealed with unpigmented hideglue are notably susceptible to water
damage because it forms a watersoluble layer between the plaster and the paint. This
can cause the paint to lose adhesion when even small amounts of moisture come into
contact with the watersoluble sealer.
Age/Sunlight. Finally, in historic interiors, especially where there is heavy paint
buildup, paint can weaken and fail due to chemical or mechanical reasons. For example,
the older linseed oil is, the more brittle it is. It also darkens when it is covered and gets
no ultraviolet exposure. In rooms where there is more sunlight on one area than on
others, the oil or even oil/alkyd paint will get discernibly darker in the less exposed
areas in as short a time as six months. Painted over, the oil medium in older paints gets
quite yellowbrown, thus changing the color of the paint. Prussian blue is one of the
tinting pigments that is particularly vulnerable to fading.
Incompatible Paints. Understanding some basic differences in the strength of various
paints helps to explain certain paint problems. Paints that dry to a stronger film are
incompatible with those which are weaker. Acrylic latex paints are stronger than
oil/alkyd paints. Oil or oil/alkyd paint is stronger than waterbased paint such as
calcimine. When a stronger paint is applied over a weaker paint, it will tend to pull off
any weaker paint which may have begun to lose its bond with its substrate. Thus, on
many ceilings of older buildings where oil/alkyd paints have been applied over old
calcimine, large strips of paint may be peeling.
Oil or varnish glazes over older paints become brittle with age, and can make removal of
later paints rather easy. Sometimes it is possible to take advantage of this characteristic
to reveal an earlier decorative treatment such as graining or marbleizing. Getting under
the edge of the glaze with a scalpel blade can make the removal of later paints relatively
simple, and relatively harmless to the fancier paint treatment. Sometimes, paints
separate from each other simply due to poor surface preparation in the past or the
hardening of the earlier surface paint. Use of alkaline paint strippers can cause paint to
lose adhesion. When insufficiently neutralized, they leave salts in wood which cause oil
or oil/alkyd paints to fail to adhere to the surface. If dirt or oily residues are not cleaned
from the surfaces to be painted, new paint will not remain well adhered.
Surface Preparation
First, it is important to note that the earlier, linseed oil-based paints were penetrating
type paints, forming a bond by absorption into the substrate. Often these thin oil
coatings were slightly tinted with an ironoxide pigment so coverage could be seen; the
next coating applied would adhere to this first oil layer. Modern paints, on the other
hand, are primarily bonding paints with little ability to penetrate a substrate. For this
reason, surface preparation is extremely important for today's paints.
Before preparing the interior for repainting, all moisture penetration from failing roofs or
gutters or from faulty plumbing or interior heating elements should be identified and
corrected. A paint job is only as good as the preparation that goes before it. The surface
to be painted, old or new, wood, plaster, masonry, or metal must be made sound and
capable of taking the paint to be applied.
Scraping and Sanding. The first step in preparing interior wood and plaster surfaces
which are coherent and sound is to remove any loose paint (see Paint Hazards sidebar).

Careful hand scraping is always advisable for historic surfaces. Use of mechanical
sanders usually leaves traces of the sander's edges, visible through the new paint film.
Hand sanding is also necessary to feather the edges of the firmly adhering layers down
to the bare areas so that shadow lines are avoided. Preparing previously painted interior
masonry for new paint is basically similar to preparing plaster. Metals elements, such as
radiators, valences, or firebacks are somewhat different. In order to get a sound paint
job on metal items, the work is primarily that of sanding to remove any rust before
repainting. If the existing paint is well adhered over the entire metal surface, then it
may be necessary only to sand lightly to roughen the existing paint, thus providing some
"tooth" for the primer and new paint layer. On wood, garnet sanding papers work well.
Aluminum oxide and silicon carbide sandpapers are effective on other surfaces as well as
wood; emery papers should be used on metals.
Paint Removal. When should surfaces be completely stripped? Obviously, new paint is
wasted when applied on old paint which is loose, that is, extensively damaged and
deteriorated. Sometimes paint on an architectural feature needs to be removed if it
obscures delicate detailing. For the most part, however, if the surface is intact--and the
presence of lead paint has been shown to present no health dangers to building
occupants--the existing paint can be overpainted.
Well-adhered, intact paint layers (in at least one area of each room) should be covered
with a sturdy protective tape, then painted over with the new paint and left in place to
inform future research. The next owner may be interested in the building's past history,
and methods of gleaning information from old paints grow more sophisticated all the
time.
Heat/Scraping. Propane torches should never be used because they can damage
historic wood features. Also, charred areas of wood will not hold the new paint. Use of a
heat gun or heat plate may be relatively fast, but has both health and safety drawbacks.
Heat oxidizes lead paint, causing poisonous fumes. And old walls may contain fine debris
which acts like tinder and smolders when heated, bursting into flame hours after the
stripping. (Heat methods are best limited to those interior elements that can be safely
removed from the building for stripping and reinstalled). Finally, scraping to remove
heatloosened paint may gouge and scar the wood or plaster substrate if not done
carefully. Rotary wire brushes cut into wood and should be avoided altogether.
Chemical stripping. Removing paint from wood and plaster features can be done with
either caustic strippers (potassium or sodium hydroxide) or solvent strippers (organic
compounds such as methylene chloride, methanol, or toluol). Caustic strippers are fairly
fast acting, but can weaken wood fibers if left on too long, causing them to raise and
separate. They also leave alkaline residues which must be neutralized by an acidic wash
(usually white vinegar which contains 4% acetic acid). It is difficult to make the
neutralizing 100% effective and, when it is not, chemical reactions between the alkaline
residues and the new paint may cause the paint to lose adhesion.
Methylene chloride and other organic compounds are as effective as caustic strippers,
but their fumes may be both flammable and toxic. While they may leave wood and
plaster surfaces free from harmful residue, the newly cleaned surface must be washed
down with mineral spirits or denatured alcohol before priming in order to remove
additives, such as wax, that were put in the stripper to retard its drying. All hazard
warnings on the labels of chemical strippers should be heeded.
Detergent or vinegar and water. Waterbased paints can usually be scrubbed off with
hot water with a detergent added. Calcimine and whitewash are difficult to remove;
because of the lime or whiting content (calcium carbonate), however, they can be
broken down with acids. While strong acids may work quickly, they are very dangerous.
Acetic acid in its most common form, vinegar, (4% acetic acid) is often used instead. In

areas where any calcimine remains and is evident as chalk, the area can be coated with
white shellac, which provides a stable surface for the new paint.
Air pressure. Air pressure of 200-500 psi is effective for flat surfaces if there is a weak
substrate surface bond. A flat nozzle is inserted between the paint layer and substrate,
and the air pressure simply lifts the loose paint up for easy removal. When used
carefully, this method is fast and causes little damage.
Patching and Repair. Once the substrate and its surface are sound and clean, free
from crumbling, loose material or dust, the next step is to undercut and fill any cracks in
plaster surfaces. Plaster which has lost its key and is sagging should be reattached or
replaced. Friable plaster and punky wood need to be consolidated. Wood surfaces should
be made as smooth as they were historically so that the paint film will cover a relatively
uniform surface. Rotted wood must be removed and new wood carefully spliced in.
Finally, gypsum plaster finishes can be painted as soon as the water has evaporated; a
lime putty coat or traditional finish plaster can be primed almost immediately after
drying as well, using alkaliresistant primers such as acrylic latex.
Priming. The importance of a primer can hardly be overstated. It is the intermediary
material between the immediate substrate, which may be an old paint layer or may be
bare wood, plaster, or metal (rarely stone, as around a fireplace opening), and the fresh
paint itself. The primer must be capable of being absorbed to some extent by the
material underneath while being compatible and cohesive with the paint to be applied on
top. Most paint manufacturers will provide explicit instructions about which primers are
most compatible with their paints. Those instructions should be followed.
The question of a primer for latex paint continues to be debated. Traditionalists
recommend that the primer between an old oil paint and a new latex paint be an oil
primer, but the improvements to latex paint in recent years have led many experts to
the conclusion that today's top grade latex primers are best for latex finish paints. If a
latex primer is selected, the label on the can should specify clearly that it is one which
can bond to an older oil or oil/alkyd paint.
The most important general rule to remember is that softer or weaker paints should
always go over harder and stronger paints. For instance, because latex is stronger than
oil, an oil or oil/alkyd paint can go over a well adhered latex, but the reverse will run the
risk of failure. Using primer and finish paints by a single company is a good way to
guarantee compatibility.

Choosing Modern Paint Types/Finish Coats
Most frequently today, the project goal is preservation or rehabilitation. Because of the
impracticality of replicating historic paints, restoration is least often undertaken. Given
current laws restricting the use of toxic ingredients, such as lead, solvents, and thinners,
contemporary substitute paints using safer ingredients need to be used. Many paint
companies make latex paints in colors that are close to historic colors as well as
appropriate gloss levels, but contain no white lead and no hazardous volatile organic
compounds.
Work on historic properties generally requires the services of a qualified paint contractor
who has had at least five years of experience and who can list comparable jobs that a
potential client can see. Then, too, getting a sample or a mockup of any special work
may be advisable before the job starts. While less experienced workers may be
acceptable for preparing and priming, it is wise to have the most experienced painters
on the finish work.

Oil-based/alkyd paints. Today's version of oil paint has a binder that usually contains
some linseed oil (read the paint can label), but also has one of the improved synthesized
oils, frequently soybased, known as alkyds. They dry hard, have flexibility, and discolor
far less than linseed oil. They can also be manufactured to dry with a high sheen, and
can take enough tinting pigment to create even the very deep Victorian period colors.
However, they all contain volatile organic compounds, and thus are forbidden by law in
some parts of the United States. They are also less simple and more dangerous to use,
as cleaning up involves mineral spirits.

Traditional water-based paint and
artists' brushes are being used to
reproduce historic finishes within a
restoration project. Photo:
Courtesy, Alexis Elza.

Acrylic waterborne paints (latex). Latex paints are
synthetic resins carried in water. Before the paint dries
or crosslinks, it can be cleaned up with water. Early in
the history of latex paints, some contained
styrene/butadiene resins. Now nearly all topgrade latex
paints contain acrylic resins, which are superior. Also,
until fairly recently, the latex paints, while offering great
strength, quick drying, and water cleanup, had some
disadvantages for jobs which needed to have an historic
look. Today, there are latex product lines with better
gloss characteristics and more historic colors from which
to choose. In addition, latex paints often have excellent
color retention with very little fading. Still, it is always a
good idea to buy a quart and "test paint" the color
chosen for the job on site before making a total
commitment.

Calcimine/whitewash. Modern waterbased paints
such as calcimine can be purchased today and have
much the same appearance as the early ones. The same is true of modern whitewash,
although today's whitewashes do not leave the same ropy surface texture as the early
ones.
Glazes. Glazes were often part of historic paint treatments. Traditionally oil and
turpentine, sometimes with a scant amount of pigment, today's glazes can be
formulated with a water base and are relatively simple to apply by brush. An
experienced decorative painter should be consulted before deciding whether to use a
glaze coat rather than a high-gloss enamel. The glaze is capable of providing protection
as well as a more accurate historic appearance that includes a greater depth to the
finish.
Epoxies/Urethane. These were not available until relatively recently and thus are not
appropriate for replication of traditional finishes.

Applying Interior Paints
Because flat wall surfaces generally dominate an interior painting job, some flexibility in
applicators is suggested below:
Brushes. Natural bristle brushes now have competition from synthetic brushes made of
nylon or polyester which work well for applying either oil/alkyd or latex paints. Being
harder than natural bristles, they tend to last longer. Since brushes come in a wide and
very specific variety of types suited to different types of work, it is important to have a
painter who will use the appropriate brush for the paint selected and for each portion of
the job. One strong advantage of brushing paint on is that the paint is forced onto the

surface and into all of its imperfections. Thus a good brushedon paint job may last
longer if the substrate is sound and the primer and finish coats are compatible and of
top quality.
Rollers. There is no harm in using a roller, or even an airless sprayer, to apply a prime
coat to a large flat area. Since all contemporary commercial paints dry with a smooth
surface anyway, use of a roller or sprayer is acceptable for priming, and even for a first
finish coat. However, to get paint well pushed into articulated surfaces and to add some
texture to larger flat surfaces, a brush is best.
Types of Modern Paint
Oilbased/alkyd: Nonvolatile oils and resins, with thinners. (Alkyds are synthetic,
gelatinous resins compounded from acids and alcohol.) Accept almost any type of
coloring/hiding pigments. For use on interior wood and metal.
Acrylic waterborne paints (latex): Suspension of acrylic or polyvinyl resins in water,
with other resins, plus hiding and coloring pigments and extenders. Dries by
evaporation. Commercially produced acrylic or latex enamels are also available in a
complete range of gloss levels which are produced with the addition of various acrylic
polymers. Use on interior plaster especially.
Enamels: Modern alkyd paints are adjusted with the addition of synthetic varnishes to
produce a complete range of gloss levels.
Metal finishes: Paints marketed for use on metals, can either be alkyd, latex, or epoxy
based, or combinations. The primers used for metals are formulated with rustinhibiting
ingredients.
Special finishes: finishes such as urethane and epoxy-based paints, marketed for very
high gloss surface treatments.
Finally, decorative paint work in an historic interior-- whether simple or highstyle--is well
worth preserving or restoring, and when such fancy work is being undertaken, traditional
tools should always be used. To simplify by using shortcut methods or rejecting painted
decoration is indeed to dismiss or skew history as well as to lose the enjoyment of a true
historic finish.

Summary
First, it is most important to understand the range of approaches and treatments and to
make choices with as much knowledge of the original and subsequent historic paints as
possible, using the Secretary of the Interior's Standards for the Treatment of
Historic Properties as a framework.

A paint's patina of age expresses decades or
centuries of endurance in the face of changing
climate and conditions. Documenting the
sequence of interior paint layers and protecting
this information for future investigation should be
an integral part of any historic preservation
project.

When discovered, important examples of
history, such as this pencilled Civil War
graffiti, should be preserved. Photo: Kaye
Ellen Simonson.

Except for the rare, scholarly restorations of
historic interiors, most repainting jobs done today
will employ modern paint formulations. Modern
paints can recreate the appearance of historic
colors, gloss and texture in varying degrees, but
eliminate earlier toxic components such as white

lead and volatile organic compounds.

CAUTION: Before Painting Know Paint Hazards and Take Action
Before undertaking any project involving paint removal, applicable State and Federal
laws on lead paint abatement and disposal must be taken into account and carefully
followed. State and Federal requirements may affect options available to owners on both
paint removal and repainting. These laws, as well as any requirements prohibiting
volatile organic compounds (VOCs), should be requested from the State Historic
Preservation Officer in each State.
Below is a summary of the health hazards that owners, managers, and workers need to
be aware of before removing paint and repainting:
Lead and other heavy metal compounds. In virtually all paints made before 1950, the
white or "hiding" pigment was a lead compound, or more rarely, zinc oxide. Work to
remove lead paint such as scraping and dry sanding releases the lead--a highly
damaging heavy metal--in dust. Lead dust then enters the human system through pores
of the skin and through the lungs. The use of heat for stripping also creates toxic lead
fumes which can be inhaled.
To mitigate the hazards of lead paint ingestion, inhalation, or contact, it is extremely
important to prevent the dust from circulating by masking room openings and removing
all curtains, carpeting, and upholstered furniture. Drop cloths and masking containing
lead dust should be carefully enclosed in tight plastic bags before removal. Workers and
others in the room should wear High Efficiency Particulate Air (HEPA) filters for lead dust
(fume filters if heat stripping is being used), change clothing just outside the room
leaving the work clothes inside, and avoid any contact between bare skin (hands) and
the paint being removed. Workers should also not eat, drink, or smoke where lead dust
is present. Finally, anyone involved in lead paint removal should undergo periodic blood
testing. After work, ordinary vacuuming is not enough to remove lead dust; special HEPA
vacuums are essential. The surfaces of the room must also be given a final wash with a
solution of trisodium phosphate and water, changing the washing solution often and
rinsing well.
In addition to lead, early oil paints also had cobalt or other heavy metal compounds in
them to accelerate drying. A small amount of mercury is also included in some latex
paints to help prevent mildew and mold formation.
Volatile organic compounds (VOCs). Organic paint strippers, such as methylene chloride,

and oil/alkyd paints have VOCs as their solvent base. Inhaling these fumes can lead to
respiratory and other illnesses, and to cancer. Especially in closed spaces (but in the
outdoor environment as well) these compounds pollute the air and can damage health.
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Appendix F

Glossary of Architectural
Terms
Apron: A decorative, horizontal trim piece on the lower portion of an architectural
element.
Backpriming: The coating of unexposed surfaces of exterior wooden members with primer
paint to protect against deterioration.
Bay: One of the regular divisions of a facade between columns or piers, usually marked by
windows.
Bead: A continuous convex shape at the edge of molded woodwork.
Belt Course: A horizontal band usually marking the floor levels on the exterior facade of a
building.
Bird Mouth: In wood framing, a joint between two framing members where a v-shaped cut
at the end of a roof rafter fits over the upper, inner corner of the receiving wall plate.
Blocking: Lumber attached to framing members to spread the load laterally; also lumber
used as a nailer to which other material is attached (for example, a wood strip built into a
brick wall to allow the installation of wooden trim.
Bolection Molding: On wood paneling, a decorative molding which runs around the
panels, overlapping and projecting beyond the rails and stiles.
Bolster: A supplemental support to increase the bearing area or counteract lateral forces. In
historic buildings that had an original crawlspace dug out to provide headroom for a central
heater, masonry or concrete bolsters were often added against the base of the original
foundation walls.
Bond: A term to describe the various patterns in which brick is laid such as “common bond”
or “Flemish bond.”
Box Cornice: A hollow, projecting cornice consisting of soffit board, fascia board, and
decorative wooden moldings. This type of cornice sometimes includes a built-in gutter.
Bracket: A projecting wooden or tin element that spans between vertical and horizontal
surfaces as a decorative support.
Bulkhead Doors: The paired, sloping or flat doors that provide exterior access to a
basement.
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Cant: An architectural member that forms an angle with a vertical wall, most commonly
used to describe the piece of wood which diverts water at the upper face of a chimney on the
downward slope of a roof.
Capital: The top element of a column or pilaster.
Cast Iron: Decorative metal work that is poured into molds (rather than being hammered,
bent, and twisted as is “wrought iron”). Historically used for door and shutter hardware,
roof details, and stair newels.
Caulking: The non-hardening putty-like material used to seal the joints between dissimilar
exterior materials, such as where wood window trim abuts the sides of the masonry
opening.
Chimney Pot: A nineteenth-century decorative extension at the top of a chimney, usually
made of cast terra cotta.
Clapboards: Horizontal wooden boards, thinner at the top edge, which are overlapped to
provide a weatherproof exterior wall surface.
Classical Style: Architecture inspired by the buildings of ancient Greece and Rome,
especially in the design of columns.
CMU: Concrete masonry unit; a hollow, structural concrete block frequently used for
building foundations and porch piers.
Collar Tie: A horizontal beam connecting the rafters on opposite roof slopes to provide
lateral bracing.
Column: A vertical structural member, usually slender and circular or square in
cross-section, with a decorative cap and base. (Classical Orders are often used where
appropriate.)
Combed Ridge: A line of projecting wood shingles at the roof ridge. In common use prior
to metal flashing, this leeward projection of the last shingle course helped prevent moisture
infiltration at the ridge.
Common Bond: A brickwork pattern where most courses are laid flat, with the long
“stretcher” edge exposed, but every sixth to eighth course is laid perpendicularly, with the
small “header” end exposed, to structurally tie the wall together.
Conge: A molding profile found on wooden elements that consists of a concave
quarter-round cove that transitions to a vertical plane without any steps or breaks.
Cornerboard: A vertical strip of wood placed at the edges of a frame building to receive the
wall siding.
Cornice: A continuous, projecting, horizontal element that provides the transition between
building wall and roof.
Cornice Return: The length of cornice that extends at a ninety degree angle to the main
cornice onto the gable end of a building, then mitred to return to the wall plane.
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Cyma Recta: A classical style molding with a projecting ogee curve, typically one concave
and one convex quarter round, bounded by vertical fillets; when the molding is set os that
its top is projecting, the bottom curve is convex and the top curve is concave. (Dictionary of
Building Preservation).
Cyma Reversa: A classical style molding with an ogee curve, typically one concave and one
convex quarter round bounded by vertical fillets; when the molding is set so that its top is
projecting, the bottom curve is concave and the top curve is convex. (Dictionary of Building
Preservation).
Dado: The flat surface between two base moldings, such as between a baseboard or
chairrail.
Denticulated: With dentils.
Dentils: A row of small, projecting blocks articulating a molding.
Double-Hung: A window consisting of two sashes, one above the other, both of which
slide vertically on separate tracks.
Downbrace: A brace that is angled downward.
Downspout: A hollow, vertical element, circular or rectangular in cross-section, which
carries rainwater down from the roof to the ground. Also called a leader.
Dutchman: A patch spliced into wooden members (where damaged or deteriorated) to
match the original construction.
Eave: The underside of a roof where it projects beyond the wall.
Efflourescence: The deposit of soluble salts on the face of masonry, brought from within
by water entering the wall.
Elevation: Each of the vertical exterior walls of a building, also called “facade” on the front
elevation.
End Chimney: A fireplace flue enclosure placed on the outside wall of one of the short
sides of a rectangular building.
Exfoliation: The spalling of a masonry surface from the outward pressure exerted by water
freezing within the wall.
Exposure: The portion of a board, slate, or shingle that is visible after it has been installed
on a wall or roof.
Facade: The front or primary vertical exterior wall of a building, also called the front
elevation, also called the “front elevation”.
Fascia: The vertical surface of the horizontal element that encloses a box cornice or covers
the outer edge of a porch floor structure.
Feathered Edge: A diminishing thickness at the edge of a new material where it adjoins
old, used to minimize the appearance of the joint (in wood) or transition (in paint).
Fenestration Pattern: The placement and rhythm of window and door openings on a
building’s elevation.
Leedsville Schoolhouse
Preservation Plan

Fishscale Shingles: A decorative pattern of wall shingles composed of staggered horizontal
rows of wooden shingles with half-round ends.
Fixed: A building element that does not move, such as an inoperable window or an artificial
shutter.
Flashing: Thin metal sheets used to prevent moisture infiltration at joints of roof planes
and between the roof and the vertical surfaces of roof penetrations or abutting walls.
Flat Seam: On porch roofs, the joint between the vertical metal roofing strips which are
folded together and laid flush to the surface to prevent moisture infiltration at the seam.
Typically, flat seams are used on minimally sloped roof surfaces.
Foundation: The lowest exposed portion of the building wall, which supports the structure
above.
Gable End: The triangular portion of the vertical end wall beneath the slopes of a roof.
Gable Roof: A pitched roof with one downward slope on either side of a central, horizontal
ridge.
Girder: In timber framing, a beam that spans the width of a building between the sill plates
to provide additional strength and support for floor joists. When centered on the floor
framing, the girder is also called a “Summer Beam.”
Glazing: Glass
Grading: When used as a noun, the slope of the ground; or, when used as a verb, the
moving of earth at the exterior of a building to change the ground’s slope, usually in
reference to directing rainwater away from a building foundation.
Hang Gutter: The horizontal, gently-sloping element suspended from the bottom of a roof
slope to direct rainwater to the downspout. Historically, hang gutters featured a half-round
profile that did not detract from the cornice’s appearance.
Head: The top, horizontal member of a door or window frame, or other wall opening.
HVAC: Heating, Ventilation, and Air Conditioning.
Infill: New construction where there had been an opening before, such as a new building
between two older structures, or infill in an original window opening, such as the third
window on the gable end of the Leedsville School.
Italianate (c.1840-c.1870): An architectural style inspired by the design of rural Italian
farmhouses, typically featuring a low-pitched, hipped roof with very wide eaves, often
crowned with a cupola..
Jambs: The upright sides of a window or door opening, perpendicular to the wall and
covering the walls thickness, also called reveals.
Jigsaw Bracket: A decorative bracket cut from a flat board with a jigsaw.
Joist: A horizontal framing member that runs between beams or vertical supports to carry
the floor.
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Lap Joint: Joint formed by overlapping two wood framing members and fastening them
mechanically. In roof rafters, the upper ends of the rafter are often cut to lap with an
opposite rafter and fastened.
Lath: A narrow strip of wood used with other strips to form backing for plaster or stucco.
Lattice: An open grille of interlacing, thin wood strips used as a screening between the piers
of a porch.
Lintel: A short, horizontal member spanning the top of an opening in a wall.
Louvered Shutter: A vertical wooden element, hinged to close over a window or door
opening, composed of sloping horizontal slats held in a framework of rails and stiles.
Louvered shutters are designed to admit air but not rain or creatures, and are most
commonly used on upper floor window openings.
Masonry: Brick, stone, or concrete block construction.
Massing: The three-dimensional form of a building.
Meeting Rail: The horizontal member where the lower and upper sashes of a single-hung
or double- hung window overlap.
Mortar: A mixture of sand, lime, cement, and water that is applied damp and, once dry
holds the brick or stones together in masonry construction.
Mortise: In timber framing, a hole made in a wood framing member to receive the tenon of
another framing member.
Multi-light Window: A window sash composed of more than one pane of glass.
Muntins: Thin strips of wood which divide and hold the panes of glass in a multi-light
window. The profile (shape) of window muntins changed with different architectural styles,
serving as a tool for determining the window’s age.
Ovolo: A curved molding shape usually found by one-quarter of a circle’s circumference.
Paneled Door: A door composed of solid panels (whether raised or recessed) held within a
framework of rails and stiles.
Paneled Shutter: A vertical wooden element, hinged to close over a window or door
opening, composed of solid panels held within a framework of rails and stiles. Locked from
the interior, paneled shutters were originally designed to provide additional security at a
ground-level opening.
Pegged Joint: In timber-framing joinery, a wooden peg, called a treenail (pronounced
“trunnel”) is inserted through a mortise and tenon joint to secure the two framing members
together.
Pier: A square or rectangular masonry or wood post projecting above the ground that
carries the weight of a structure down to the foundation. (Dictionary of Building
Preservation)
Pintle: The male portion of the iron door or shutter hinge that is attached to the wall. The
pintle is either driven into the frame or screwed in place. A projecting vertical element on
the pintle receives the open end of the strap hinge that is attached to the door or shutter.
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Pitch: The degree of a roof’s slope.
Plinth Block: On an exterior porch, the square base that raises a column or post off of the
floor surface.
Pointing: The exposed jointwork of masonry construction, decoratively finished (or
“tooled”) to be recessed behind the face of the masonry.
Pole Gutter: A gradually-sloping horizontal channel of metal-covered wood typically
mounted on the lower portion of a roof to direct rainwater to the downspouts.
Portland Cement: A strong, inflexible hydraulic cement used to bind mortar. Mortar or
patching materials with a high Portland cement content should not be used on old
buildings. (The Portland cement is harder than the masonry, thereby causing serious
damage over annual freeze – thaw and thermal expansion cycles.)
Post: A vertical structural member, usually slender and either square or circular in cross
section, often with ornamental treatments such as fluting, turnings, chamfers, etc., and
sometimes with a simple capital and/or base.
Preservation: The act or process of applying measures necessary to sustain the existing
form, integrity, and materials of an historic property. (Secretary of the Interiors Standards for
the Treatment of Historic Properties)
Pressed Tin: Decorative, as well as functional, metalwork made of molded terne-coated
steel and used to sheath roofs, bays, and cornices, and ceilings.
Primer: A base coat of paint; typically has more binder and less pigment than topcoat
paint.
Purlin: A horizontal beam in a roof structure that supports the common rafters typically
spans between the principal rafters or parallel roof trusses.
Racking: A contortion of a wall opening’s structural members in the horizontal and vertical
planes that results in the wall being out of square.
Rail: A horizontal framing member of a paneled door, window sash, wall paneling, or
shutter.
Raised Panel: A square or rectangular board of wood which is beveled at the edges and
held within a framework of a door, shutter, or chimney breast.
Recessed Panel: A flat, square, or rectangular board of wood which is set back within the
framework of a door, shutter, or chimney breast.
Reconstruction: The act or process of depicting, by means of new construction, the form,
features, and detailing of a non-surviving site, landscape, building, structure, or object for
the purpose of replicating its appearance at a specific period of time and in its historic
location. (Secretary of the Interiors Standards for the Treatment of Historic Properties)
Rehabilitation: The act or process of making possible a compatible use for a property
through repair, alterations, and additions while preserving those portions or features which
convey its historical, cultural, or architectural values. (Secretary of the Interiors Standards for
the Treatment of Historic Properties)
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Restoration: The process of accurately taking a building’s appearance back to a specific
period of time by removing later work and by replacing missing earlier features to match the
original.
Ridge: The top horizontal member of a gabled roof where the sloping surfaces meet.
Riser: The vertical face of a step.
Rising Damp: Moisture absorbed by masonry walls through capillary action from the soil
below.
Sash: The moving portion (usually) of a window, into which glass is set.
Sawtooth Shingles: A decorative pattern of wall shingles alternating long and short
rectangular pieces of wood in staggered horizontal rows.
Sconce: A wall-mounted lighting fixture with one or more arms that project outward to
support the lamp.
Sheathing: Boards or other surfacing applied to a structural frame to facilitate
weatherproofing and the installation of the finished surface.
Shingle Exposure: The portion of a wall or roof shingle that can be seen after it is installed.
Shoring: Temporary structural supports to prevent the collapse of a building element
during renovation.
Shutter Dog: A piece of hardware, usually made of cast or wrought iron that projects from
an exterior wall at either side of a window sill to hold a shutter leaf open.
Sill: The horizontal member at the bottom of a door or window opening.
Sill Plate: The continuous, horizontal wood member at the top of the foundation wall on
which the wall bears and the floor joists are received.
Single-Hung: A window consisting of two sashes, only one of which slides up (or down) to
open. Usually the bottom sash is operable and the top sash is fixed in place.
Six-over-Six Window: A double-hung window with six panes of glass in each sash. When
the top sash is fixed, the six-over-six window is single-hung.
Soffit: The exposed underside of a cornice, eave, or other spanning element, also call an
“eave”.
Spaced Sheathing: A series of thin, narrow strips of wood on top of rafters used to support
wood roofing shingles, allowing air to reach the underside of shingles so they can dry after
swelling in a rain storm. The spacing of the strips, center to center, equals the exposure of
the original roof shingles. (Also known as spaced lath or skip sheathing.)
Spalling: The delamination of a masonry surface from the effects of moisture infiltration
and changing temperatures, also called exfoliation.
Splash Block: A stone or cast concrete block at the base of a downspout that directs
rainwater away from the base of a building.
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Splice: The joining of any two building elements length-wise, such as two beams or two
electric wires. (Dictionary of Building Preservation)
Square-butt Shingles: Rectangular wood shingles arranged in straight rows as the exterior
surface of a roof or wall, as installed on the Leedsville School in 1906.
Standing Seam: On roofs, the joint between the vertical metal roofing strips which are
folded together and left upright to prevent moisture infiltration at the seam.
Stile: A vertical framing member of a paneled door, window sash, wall paneling, or shutter.
Strut: A diagonal truss member in compression, also called a brace.
Stucco: A mixture of lime, cement, and sand applied over metal lath or directly to a
masonry surface to create an exterior surface.
Stud Wall: In building construction, a wall comprised of, wooden studs typically with a
cross-section of 2" x 4" (normal dimensions—the actual dimensions are 1½" by 3½"),
spaced 16-to-24 inches apart.
Surround: The decorative trim around a door or window opening.
Tenon: A tongue projecting from the end of a framing member, formed by cutting away the
surrounding wood, that is inserted into a mortise in timber framing joinery.
Terra Cotta: A hard, glazed or unglazed fired clay product used for ornamental work on
buildings.
Threshold: The sill of an entrance door.
Tooling: Decorative grooves on wood or stone, or in mortar joints.
Transom: A horizontal window above a door or window, usually rectangular in shape
although an arched fanlight is also a form of transom.
Tread: The horizontal surface of a step.
Trim: The decorative as well as functional woodwork edging openings and covering joints
between the wall and structural opening.
Tripartite: Having three parts.
Turned Woodwork: Wooden elements cut on a lathe.
Underpinning: Structural support beneath an existing wall or foundation, typically
installed to counteract detrimental structural settlement.
Upbrace: A brace that is angled upward.
Vapor Barrier: In modern construction, a thin metallic or plastic sheet used to prevent the
passage of moisture through a wall, floor, or ceiling.
Vernacular: A regional adaptation of a formal architectural style or styles.
Wall Plate: The horizontal framing member at the top or bottom of a wall. When at the
wall’s base, also called a “sill plate.”
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Wash: A slight slope of mortar on the top surface of a brick chimney or a masonry wall
designed to shed water.
Weatherboards: Horizontal wooden boards of uniform thickness, which are overlapped to
provide a weatherproof exterior wall surface.
Weather-stripping: Interlocking strips of material, usually metal, that help prevent the
infiltration of air around an exterior opening.
Wrought Iron: Decorative metalwork that is hammered, bent, and twisted into shapes
(rather than poured into molds as in “cast iron”). Historically used for fencing, railings, and
basement window grilles.
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