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1 PRESERVATION 
BRIEFS 

Assessing Cleaning and Water-Repellent 
Treatments for Historic Masonry Buildings 

Robert C. Mack, AlA 
Anne Grimmer 

u.s. Department of the Interior 
National Park Service 
Cultural Resources 

Heritage Preservation Services 

Inappropriate cleaning and coating treatments are a major 
cause of damage to historic masonry buildings. While 
either or both treatments may be appropriate in some cases, 
they can be very destructive to historic masonry if they are 
not selected carefully. Historic masonry, as considered 
here, includes stone, brick, architectural terra cotta, cast 
stone, concrete and concrete block. It is frequently cleaned 
because cleaning is equated with improvement. Cleaning 
may sometimes be followed by the application of a water
repellent coating. However, unless these procedures are 
carried out under the guidance and supervision of an 
architectural conservator, they may result in irrevocable 
damage to the historic resource. 

The purpose of this Brief is to provide information on the 
variety of cleaning methods and materials that are available 
for use on the exterior of historic masonry buildings, and 
to provide guidance in selecting the most appropriate 
method or combination of methods. The difference between 

water-repellent coatings and waterproof coatings 
is explained, and the purpose of each, the suitability of 
their application to historic masonry buildings, and the 
possible consequences of their inappropriate use are 
discussed. 

The Brief is intended to help develop sensitivity to the 
qualities of historic masonry that makes it so special, and 
to assist historic building owners and property managers 
in working cooperatively with architects, architectural 
conservators and contractors (Fig. 1). Although specifically 
intended for historic buildings, the information is applicable 
to all masonry buildings. This publication updates and 
expands Preservation BriefI: The Cleaning and Waterproof 
Coating of Masonry Buildings. The Brief is not meant to be 
a cleaning manual or a guide for preparing specifications. 
Rather, it provides general information to raise awareness 
of the many factors involved in selecting cleaning and 
water-repellent treatments for historic masonry buildings. 

Figure 1. Low-to medium- pressure steam (hot-pressurized water was/ling), is being used to clean the exterior of the U.S. Tariff Commission Building, the 
first marble building constructed in Washington, D.C., in 1839. This method was selected by an architecural conservator as the "gentlest means possible" 
to clean the marble. Steam ca n soften heavy soiling deposits such as those on the cornice and column capitals, and facilitate easy removal. Note how 
these depos its have been removed from the right side oJ the cornice which has already been cleaned. 
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Figure 2. Biological growth as shown on this marble foundation 
can usually be removed using a low-press ure water wash, possibly witiz 
a non-ionic detergent added to it, and scrubbing with a natura l or 
syllthetic bristle brush. 

Preparing for a Cleaning Project 

Reasons for cleaning. First, it is important to determine 
whether it is appropriate to clean the masonry. The objective 
of cleaning a historic masonry building must be considered 
carefully before arriving at a decision to clean. There are 
several major reasons for cleaning a historic masonry 
building: improve the appearance of the building by 
removing unattractive dirt or soiling materials, or non
historic paint from the masonry; retard deterioration by 
removing soiling materials that may be damaging the 
masonry; or provide a clean surface to accurately match 
rep ointing mortars or patching compounds, or to conduct 
a condition survey of the masonry. 

Identify what is to be removed. The general nature and 
source of dirt or soiling material on a building must be 
identified to remove it in the gentlest means possible 
that is, in the most effective, yet least harmful, manner. 
Soot and smoke, for example, require a different cleaning 
agent to remove than oil stains or metallic stains. Other 
common cleaning problems include biological growth such 
as mold or mildew, and organic matter such as the tendrils 
left on masonry after removal of ivy (Fig. 2). 

Consider the historic appearance of the building. If the 
proposed cleaning is to remove paint, it is important in 
each case to learn whether or not unpainted masonry is 
historically appropriate. And, it is necessary to consider 
why the building was painted (Fig. 3). Was it to cover bad 
rep ointing or unmatched repairs? Was the building 
painted to protect soft brick or to conceal deteriorating 
stone? Or, was painted masonry simply a fashionable 

Figu re 3. Th is small test area has revealed a red brick patch that does 110t 
match the original beige brick. Th is may explain why the building was 
painted, and may suggest to the owner that it may be preferable to keep 
it pa inted. 

treatment in a particular historic period? Many buildings 
were painted at the time of construction or shortly thereafter; 
retention of the paint, therefore, may be more appropriate 
historically than removing it. And, if the building appears 
to have been painted for a long time, it is also important 
to think about whether the paint is part of the character of 
the historic building and if it has acquired significance over 
time. 

Consider the practicalities of cleaning or paint removal. 
Some gypsum or sulfate crusts may have become integral 
with the stone and, if cleaning could result in removing 
some of the stone surface, it may be preferable not to clean. 
Even where unpainted masonry is appropriate, the retention 
of the paint may be more practical than removal in terms 
of long range preservation of the masonry. In some cases, 
however, removal of the paint may be desirable. For 
example, the old paint layers may have built up to such 
an extent that removal is necessary to ensure a sound 
surface to which the new paint will adhere. 

Study the masonry. Although not always necessary, in 
some instances it can be beneficial to have the coating or 
paint type, color, and layering on the masonry researched 
before attempting its removal. Analysis of the nature of 
the soiling or of the paint to be removed from the masonry, 
as well as guidance on the appropriate cleaning method, 
may be provided by professional consultants, including 
architectural conservators, conservation scientists and 
preservation architects. The State Historic Preservation 
Office (SHPO), local historic district commissions, 
architectural review boards and preservation-oriented 
websites may also be able to supply useful information on 
masonry cleaning techniques. 



Understanding the Building Materials 

The construction of the building must be considered when 
developing a cleaning program because inappropriate 
cleaning can have a deleterious effect on the masonry as 
well as on other building materials. The masonry material 
or materials must be correctly identified. It is sometimes 
difficult to distinguish one type of stone from another; for 
example, certain sandstones can be easily confused with 
limestones. Or, what appears to be natural stone may not 
be stone at all, but cast stone or concrete. Historically, cast 
stone and architectural terra cotta were frequently used in 
combination with natural stone, especially for trim elements 
or on upper stories of a building where, from a distance, 
these substitute materials looked like real stone (Fig. 4). 
Other features on historic buildings that appear to be stone, 
such as decorative cornices, entablatures and window 
hoods, may not even be masonry, but metal. 

Identify prior treatments. Previous treatments of the 
building and its surroundings should be researched and 
building maintenance records should be obtained, if 
available. Sometimes if streaked or spotty areas do not 
seem to get cleaner following an initial cleaning, closer 
inspection and analysis may be warranted. The 
discoloration may turn out not to be dirt but the remnant 
of a water-repellent coating applied long ago which has 
darkened the surface of the masonry over time (Fig. 5). 
Successful removal may require testing several cleaning 
agents to find something that will dissolve and remove the 
coating. Complete removal may not always be possible. 
Repairs may have been stained to match a dirty building, 
and cleaning may make these differences apparent. De
icing salts used near the building that have dissolved can 

Figure 4. The foundation of this brick building is limestone, but the 
decorative trim above is architectural terra cotta intended to simuillte 
stone. 

Figure 5. Repeated wllter washing did rIOt remove the staining inside 
this limestone porte cochere. Upon closer examination, it was 
determined to be a water-repellent coating that had been applied many 
years earlier. An alkaline cleaner may be effective in removing it . 

migrate into the masonry. Cleaning may draw the salts to 
the surface, where they will appear as efflorescence (a 
powdery, white substance), which may require a second 
treatment to be removed. Allowances for dealing with 
such unknown factors, any of which can be a potential 
problem, should be included when investigating cleaning 
methods and materials. Just as more than one kind of 
masonry on a historic building may necessitate multiple 
cleaning approaches, unknown conditions that are 
encountered may also require additional cleaning 
treatments. 

Choose the appropriate cleaner. The importance of testing 
cleaning methods and materials cannot be over emphasized. 
Applying the wrong cleaning agents to historic masonry 
can have disastrous results. Acidic cleaners can be extremely 
damaging to acid-sensitive stones, such as marble and 
limestone, resulting in etching and dissolution of these 
stones. Other kinds of masonry can also be damaged by 
incompatible cleaning agents, or even by cleaning agents 
that are usually compatible. There are also numerous kinds 
of sandstone, each with a considerably different geological 
composition. While an acid-based cleaner may be safely 
used on some sandstones, others are acid-sensitive and 
can be severely etched or dissolved by an acid cleaner. 
Some sandstones contain water-soluble minerals and can 
be eroded by water cleaning. And, even if the stone type 
is correctly identified, stones, as well as some bricks, may 
contain unexpected impurities, such as iron particles, that 
may react negatively with a particular cleaning agent and 
result in staining. Thorough understanding of the physical 
and chemical properties of the masonry will help avoid 
the inadvertent selection of damaging cleaning agents. 
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Figure 6. Timed water soaking can be very effective for cleaning 
limestone and marble as shown here at the Marble Collegiate Church 
in New York City. In this case, a twelve-hour water soak using a 
multi-nozzle manifold was followed by a final water rinse. Photo: Diane 
S. Kaese, Wiss, Janney, Elstner Associates, lnc., N. Y. , N. Y. 

Other building materials also may be affected by the 
cleaning process. Some chemicals, for example, may have 
a corrosive effect on paint or glass. The portions of building 
elements most vulnerable to deterioration may not be 
visible, such as embedded ends of iron window bars. 
Other totally unseen items, such as iron cramps or ties 
which hold the masonry to the structural frame, also may 
be subject to corrosion from the use of chemicals or even 
from plain water. The only way to prevent problems in 
these cases is to study the building construction in detail 
and evaluate proposed cleaning methods with this 
information in mind. However, due to the very likely 
possibility of encountering unknown factors, any cleaning 
project involving historic masonry should be viewed as 
unique to that particular building. 

Cleaning Methods and Materials 

Masonry cleaning methods generally are divided into 
three major groups: water, chemical, and abrasive. Water 
methods soften the dirt or soiling material and rinse the 
deposits from the masonry surface. Chemical cleaners 
react with dirt, soiling material or paint to effect their 
removal, after which the cleaning effluent is rinsed off the 
masonry surface with water. Abrasive methods include 
blasting with grit, and the use of grinders and sanding 
discs, all of which mechanically remove the dirt, soiling 
material or paint (and, usually, some of the masonry 
surface). Abrasive cleaning is also often followed with a 
water rinse. Laser cleaning, although not discussed here 
in detail, is another technique that is used sometimes by 
conservators to clean small areas of historic masonry. It 
can be quite effective for cleaning limited areas, but it is 
expensive and generally not practical for most historic 
masonry cleaning projects. 

Although it may seem contrary to common sense, masonry 
cleaning projects should be carried out starting at the 

bottom and proceeding to the top of the building always 
keeping all surfaces wet below the area being cleaned. 
The rationale for this approach is based on the principle 
that dirty water or cleaning effluent dripping from cleaning 
in progress above will leave streaks on a dirty surface but 
will not streak a clean surface as long as it is kept wet and 
rinsed frequently. 

Water Cleaning 

Water cleaning methods are generally the gentlest means 
possible, and they can be used safely to remove dirt from 
all types of historic masonry.* There are essentially four 
kinds of water-based methods: soaking; pressure water 
washing; water washing supplemented with non-ionic 
detergent; and steam, or hot-pressurized water cleaning. 
Once water cleaning has been completed, it is often 
necessary to follow up with a water rinse to wash off the 
loosened soiling material from the masonry. 

Soaking. Prolonged spraying or misting with water is 
particularly effective for cleaning limestone and marble. 
It is also a good method for removing heavy accumulations 
of soot, sulfate crusts or gypsum crusts that tend to form 
in protected areas of a building not regularly washed by 
rain. Water is distributed to lengths of punctured hose or 
pipe with non-ferrous fittings hung from moveable 
scaffolding or a swing stage that continuously mists the 
surface of the masonry with a very fine spray (Fig. 6). A 
timed on-off spray is another approach to using this 
cleaning technique. After one area has been cleaned, the 
apparatus is moved on to another. Soaking is often used 
in combination with water washing and is also followed 
by a final water rinse. Soaking is a very slow method
it may take several days or a week-but it is a very gentle 
method to use on historic masonry. 

Water Washing. Washing with low-pressure or medium
pressure water is probably one of the most commonly 
used methods for removing dirt or other pollutant soiling 
from historic masonry buildings (Fig. 7). Starting with a 
very low pressure (100 psi or below), even using a garden 
hose, and progressing as needed to slightly higher pressure 
-generally no higher than 300-400 psi-is always the 
recommended way to begin. Scrubbing with natural bristle 
or synthetic bristle brushes-never metal which can abrade 
the surface and leave metal particles that can stain the 
masonry-can help in cleaning areas of the masonry that 
are especially dirty. 

Water Washing with Detergents. Non-ionic detergents 
-which are not the same as soaps -are synthetic organic 
compounds that are especially effective in removing oily 
soil. (Examples of some of the numerous proprietary non
ionic detergents include Igepal by GAF, Tergitol by Union 
Carbide and Triton by Rohm & Haas.) Thus, the addition 
of a non-ionic detergent, or surfactant, to a low- or medium
pressure water wash can be a useful aid in the cleaning 

'Water cleaning methods may not be appropriate to use on some badly 
deteriorated masonry because water may exacerbate the deterioration, 
or on gypsum or alabaster which are very soluble in water. 



process. (A non-ionic detergent, unlike most household 
detergents, does not leave a solid, visible residue on the 
masonry.) Adding a non-ionic detergent and scrubbing 
with a natural bristle or synthetic bristle brush can facilitate 
cleaning textured or intricately carved masonry. This 
should be followed with a final water rinse. 

Steam/Hot-Pressurized Water Cleaning. Steam cleaning 
is actually low-pressure hot water washing because the 
steam condenses almost immediately upon leaving the 
hose. This is a gentle and effective method for cleaning 
stone and particularly for acid-sensitive stones. Steam can 
be especially useful in removing built-up soiling deposits 
and dried-up plant materials, such as ivy disks and tendrils. 
It can also be an efficient means of cleaning carved stone 
details and, because it does not generate a lot of liquid 
water, it can sometimes be appropriate to use for cleaning 
interior masonry (Figs. 8-9). 

Potential hazards of water cleaning. Despite the fact that 
water-based methods are generally the most gentle, even 
they can be damaging to historic masonry. Before beginning 
a water cleaning project, it is important to make sure that 
all mortar joints are sound and that the building is 
watertight. Otherwise water can seep through the walls 
to the interior, resulting in rusting metal anchors and 
stained and ruined plaster. 

Some water supplies may contain traces of iron and copper 
which may cause masonry to discolor. Adding a chelating 
or complexing agent to the water, such as EDTA (ethylene 
diamine tetra-acetic acid), which inactivates other metallic 
ions, as well as softens minerals and water hardness, will 
help prevent staining on light-colored masonry. 

Any cleaning method involving water should never be 
done in cold weather or if there is any likelihood of frost 
or freezing because water within the masonry can freeze, 
causing spalling and cracking. Since a masonry wall may 
take over a week to dry after cleaning, no water cleaning 
should be permitted for several days prior to the first 
average frost date, or even earlier if local forecasts predict 
cold weather. 

Most essential of all, it is important to be aware that using 
water at too high a pressure, a practice common to "power 
washing" and "water blasting", is very abrasive and can 
easily etch marble and other soft stones, as well as some 
types of brick (Figs. 10-11). In addition, the distance of the 
nozzle from the masonry surface and the type of nozzle, 
as well as gallons per minute (gpm), are also important 
variables in a water cleaning process that can have a 
significant impact on the outcome of the project. This is 
why it is imperative that the cleaning be closely monitored 
to ensure that the cleaning operators do not raise the 
pressure or bring the nozzle too close to the masonry in 
an effort to "speed up" the process. The appearance of 
grains of stone or sand in the cleaning effluent on the 
ground is an indication that the water pressure may be too 
high. 

Figure 7. Glazed architectural terra cotta often may be cleaned 
successfully with a low-pressure water wash and hand scrubbing 
supplemented, if necessary, with a non-ionic detergent. Pho to: Na tional 
Park Service Files. 

Chemical Cleaning 

Chemical cleaners, generally in the form of proprietary 
products, are another material frequently used to clean 
historic masonry. They can remove dirt, as well as paint 
and other coatings, metallic and plant stains, and graffiti. 
Chemical cleaners used to remove dirt and soiling include 
acids, alkalies and organic compounds. Acidic cleaners, 
of course, should not be used on masonry that is acid 
sensitive. Paint removers are alkaline, based on organic 
solvents or other chemicals. 

Chemical Cleaners to Remove Dirt 

Both alkaline and acidic cleaning treatments include the 
use of water. Both cleaners are also likely to contain 
surfactants (wetting agents), that facilitate the chemical 
reaction that removes the dirt. Generally, the masonry is 
wet first for both types of cleaners, then the chemical 
cleaner is sprayed on at very low pressure or brushed onto 
the surface. The cleaner is left to dwell on the masonry 
for an amount of time recommended by the product 
manufacturer or, preferably, determined by testing, and 
rinsed off with a low- or moderate-pressure cold, or 
sometimes hot, water wash. More than one application 
of the cleaner may be necessary, and it is always a 
good practice to test the product manufacturer's 
recommendations concerning dilution rates and dwell 
times. Because each cleaning situation is unique, dilution 
rates and dwell times can vary considerably. The masonry 
surface may be scrubbed lightly with natural or synthetic 
bristle brushes prior to rinsing. After rinsing, pH strips 
should be applied to the surface to ensure that the masonry 
has been neutralized completely. 

5 
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Figure 8. (Left) Low-press ure (under 100 psi) steam cleaning 
(hot-pressurized water washing), is part of the regular maintenance 
program at the Jefferson Memorial, Washington , D.C. The white marble 
interior of this open structure is subject to constant soiling by birds, 
insects and visitors. (Right) Th is portable steam cleaner enables prompt 
clea nup when necessary. Photos: Na tional Park Service Files. 

Acidic Cleaners. Acid-based cleaning products may be 
used on non-acid sensitive masonry, which generally 
includes: granite, most sandstones, slate, unglazed brick 
and unglazed architectural terra cotta, cast stone and 
concrete (Fig. 12). Most commercial acidic cleaners are 
composed primarily of hydrofluoric acid, and often include 
some phosphoric acid to prevent rust-like stains from 
developing on the masonry after the cleaning. Acid cleaners 
are applied to the pre-wet masonry which should be kept 
wet while the acid is allowed to "work", and then removed 
with a water wash. 

Alkaline Cleaners. Alkaline cleaners should be used on 
acid-sensitive masonry, including: limestone, polished 
and unpolished marble, calcareous sandstone, glazed brick 
and glazed architectural terra cotta, and polished granite. 
(Alkaline cleaners may also be used sometimes on masonry 
materials that are not acid sensitive-after testing, of course 

- but they may not be as effective as they are on acid
sensitive masonry.) Alkaline cleaning products consist 
primarily of two ingredients: a non-ionic detergent or 
surfactant; and an alkali, such as potassium hydroxide or 
ammonium hydroxide. Like acidic cleaners, alkaline 
products are usually applied to pre-wet masonry, allowed 
to dwell, and then rinsed off with water. (Longer dwell 
times may be necessary with alkaline cleaners than with 
acidic cleaners.) Two additional steps are required to 
remove alkaline cleaners after the initial rinse. First the 
masonry is given a slightly acidic wash-often with acetic 
acid-to neutralize it, and then it is rinsed again with water. 

Chemical Cleaners to Remove Paint and Other Coatings, 
Stains and Graffiti 

Removing paint and some other coatings, stains and graffiti 
can best be accomplished with alkaline paint removers, 
organic solvent paint removers, or other cleaning 
compounds. The removal of layers of paint from a masonry 
surface usually involves applying the remover either by 
brush, roller or spraying, followed by a thorough water 
wash. As with any chemical cleaning, the manufacturer's 
recommendations regarding application procedures should 
always be tested before beginning work. 

Alkaline Paint Removers. These are usually of much the 
same composition as other alkaline cleaners, containing 
potassium or ammonium hydroxide, or trisodium 
phosphate. They are used to remove oil, latex and acrylic 
paints, and are effective for removing multiple layers of 
paint. Alkaline cleaners may also remove some acrylic, 
water-repellent coatings. As with other alkaline cleaners, 
both an acidic neutralizing wash and a final water rinse 
are generally required following the use of alkaline paint 
removers. 

Organic Solvent Paint Removers. The formulation of 
organic solvent paint removers varies and may include a 
combination of solvents, including methylene chloride, 
methanol, acetone, xylene and toluene. 

Figure 9. (Left) This small steam cleaner- the size of a vacuum cleaner- offers a very controlled and gentle means of cleaning limited, or hard-to-reach 
areas or carved stone details. (Right) It is particularly useful for interiors where it is important to keep moisture to a minumum, such as inside 
the Washington Monument, Washington, D.C., where it was used to clean the commemorative stones. Photos: Audrey T. Tepper. 



Figure 10. High-pressure water washing too close to the surface has 
abraded and, consequently, marred the limestone on this early-20th 
century building. 

Other Paint Removers and Cleaners. Other cleaning 
compounds that can be used to remove paint and some 
painted graffiti from historic masonry include paint 
removers based on N-methyl-2-pyrrolidone (NMP), or on 
petroleum-based compounds. Removing stains, whether 
they are industrial (smoke, soot, grease or tar), metallic 
(iron or copper), or biological (plant and fungal) in origin, 
depends on carefully matching the type of remover to the 
type of stain (Fig. 13). Successful removal of stains from 
historic masonry often requires the application of a number 
of different removers before the right one is found. The 
removal of layers of paint from a masonry surface is usually 
accomplished by applying the remover either by brush, 
roller or spraying, followed by a thorough water wash 
(Fig. 14). 

Potential hazards of chemical cleaning. Since most 
chemical cleaning methods involve water, they have many 
of the potential problems of plain water cleaning. Like 
water methods, they should not be used in cold weather 
because of the possibility of freezing. Chemical cleaning 
should never be undertaken in temperatures below 40 
degrees F (4 degrees C), and generally not below 50 degrees 
F. In addition, many chemical cleaners simply do not work 
in cold temperatures. Both acidic and alkaline cleaners 
can be dangerous to cleaning operators and, clearly, there 
are environmental concerns associated with the use of 
chemical cleaners. 

Figure 11. Rinsing with high-pressure water following chemical 
cleaning has left a horizontal line of abrasion across the bricks on this 
late-19th century row house. 

If not carefully chosen, chemical cleaners can react adversely 
with many types of masonry. Obviously, acidic cleaners 
should not be used on acid-sensitive materials; however, 
it is not always clear exactly what the composition is of 
any stone or other masonry material. For, this reason, 
testing the cleaner on an inconspicuous spot on the building 
is always necessary. While certain acid-based cleaners 
may be appropriate if used as directed on a particular type 
of masonry, if left too long or if not adequately rinsed from 
the masonry they can have a negative effect. For example, 
hydrofluoric acid can etch masonry leaving a hazy residue 
(whitish deposits of silica or calcium fluoride salts) on the 
surface. While this efflorescence may usually be removed 
by a second cleaning-although it is likely to be expensive 
and time-consuming- hydrofluoric acid can also leave 
calcium fluoride salts or a colloidal silica deposit on 
masonry which may be impossible to remove (Fig. 15). 
Other acids, particularly hydrochloric (muriatic) acid, 
which is very powerful, should not be used on historic 
masonry, because it can dissolve lime-based mortar, 
damage brick and some stones, and leave chloride deposits 
on the masonry. 

Figure 12. A mild acidic clean ing agent is being used to clean this 
heavily soiled brick and granite building. Additional applications of the 
cleaner and hand-scrubbing, and even poulticing, may be necessary to 
remove the dark stains on the granite arches below. Photo: Sharon C. 
Park, FAlA. 
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Alkaline cleaners can stain sandstones that contain a ferrous 
compound. Before using an alkaline cleaner on sandstone 
it is always important to test it, since it may be difficult to 
know whether a particular sandstone may contain a ferrous 
compound. Some alkaline cleaners, such as sodium 
hydroxide (caustic soda or lye) and ammonium bifluoride, 
can also damage or leave disfiguring brownish-yellow 
stains and, in most cases, should not be used on historic 
masonry. Although alkaline cleaners will not etch a 
masonry surface as acids can, they are caustic and can burn 
the surface. In addition, alkaline cleaners can deposit 
potentially damaging salts in the masonry which can be 
difficult to rinse thoroughly. 

Abrasive and Mechanical Cleaning 

Generally, abrasive cleaning methods are not appropriate 
for use on historic masonry buildings. Abrasive cleaning 
methods are just that-abrasive. Grit blasters, grinders, 
and sanding discs all operate by abrading the dirt or paint 
off the surface of the masonry, rather than reacting with 
the dirt and the masonry which is how water and chemical 
methods work. Since the abrasives do not differentiate 
between the dirt and the masonry, they can also remove 
the outer surface of the masonry at the same time, and 
result in permanently damaging the masonry. Brick, 
architectural terra cotta, soft stone, detailed carvings, and 
polished surfaces are especially susceptible to physical and 
aesthetic damage by abrasive methods. Brick and 
architectural terra cotta are fired products which have a 
smooth, glazed surface which can be removed by abrasive 
blasting or grinding (Figs. 18-19). Abrasively-cleaned 
masonry is damaged aesthetically as well as physically, 
and it has a rough surface which tends to hold dirt and 
the roughness will make future cleaning more difficult. 
Abrasive cleaning processes can also increase the likelihood 
of subsurface cracking of the masonry. Abrasion of carved 
details causes a rounding of sharp corners and other loss 
of delicate features, while abrasion of polished surfaces 
removes the polished finish of stone. 

Figure 13. Sometimes it may be preferable to paint over a thick asphaltic 
coating rather than try to remove it, because it can be difficult to remove 
completely. However, in this case, many layers of asphaltic coating 
were removed through multiple applications of a heavy duty chemical 
cleaner. Each application of the cleaner was left to dwell following the 
manufacturer's reccommendations, and then rinsed thoroughly. 
(As much as possible of the asphalt was first removed with wooden 
scrapers.) Although not all the asphalt was removed, this was 
determined to be an acceptable level of cleanliness for the project. 

Figure 14. Chemical removal of paint from this brick building has 
revealed that the cornice and window hoods are metal rather than 
masonry. 

Mortar joints, especially those with lime mortar, also can 
be eroded by abrasive or mechanical cleaning. In some 
cases, the damage may be visual, such as loss of joint detail 
or increased joint shadows. As mortar joints constitute a 
significant portion of the masonry surface (up to 20 per 
cent in a brick wall), this can result in the loss of a 
considerable amount of the historic fabric. Erosion of the 
mortar joints may also permit increased water penetration, 
which will likely necessitate repainting. 

Figure 15. The whitish deposits left on the brick by a chemical paint 
remover may have resulted from inadequate rinsing or from the 
chemical being left on the surface too long and may be impossible to 
remove. 



Poulticing to Remove Stains and Graffiti 

a 

c 

d 

Figure 16. (a) The limestone base was heavily stained by runoff 
from the bronze statue above. (b) A poultice consisting of copper 
stain remover and ammonia mixed with fuller's earth was applied 
to the stone base and covered with plastic sheeting to keep it from 
drying out too quickly. (c) As the poultice dried, it pulled the stain 
out of the stone. (d) The poultice residue was removed carefully 
from the stone surface with wooden scrapers and the stone was 
rinsed with wa ter. Photos: John Dugger. 

b 

Graffiti and stains, which have penetrated into the masonry, 
often are best removed by using a poultice. A poultice 
consists of an absorbent material or clay powder (such as 
kaolin or fuller 's earth, or even shredded paper or paper 
towels), mixed with a liquid (solvent or other remover) to 
form a paste which is applied to the stain (Figs. 16-17). 
As it dries, the paste absorbs the staining material so that 
it is not redeposited on the masonry surface. Some 
commercial cleaning products and paint removers are 
specially formulated as a paste or gel that will cling to a 
vertical surface and remain moist for a longer period of 
time in order to prolong the action of the chemical on the 
stain. Pre-mixed poultices are also available as a paste or 
in powder form needing only the addition of the 
appropriate liquid. The masonry must be pre-wet before 
applying an alkaline cleaning agent, but not when using 
a solvent. Once the stain has been removed, the masonry 
must be rinsed thoroughly. 

Figure 17. A poultice is being used to remove salts from the brownstone 
statuary on the facade of this late-19th century stone chu rch. Photo: 
Nationa l Park Serv ice Files . 
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Figure 18. The glazed bricks in the center of the pier were covered by a 
signboard that protected them being damaged by the sandblasting 
which removed the glaze from the surrounding bricks . 

Abrasive Blasting. Blasting with abrasive grit or another 
abrasive material is the most frequently used abrasive 
method. Sandblasting is most commonly associated with 
abrasive cleaning. Finely ground silica or glass powder, 
glass beads, ground garnet, powdered walnut and other 
ground nut shells, grain hulls, aluminum oxide, plastic 
particles and even tiny pieces of sponge, are just a few of 
the other materials that have also been used for abrasive 
cleaning. Although abrasive blasting is not an appropriate 
method of cleaning historic masonry, it can be safely used 
to clean some materials. Finely-powdered walnut shells 
are commonly used for cleaning monumental bronze 
sculpture, and skilled conservators clean delicate museum 
objects and finely detailed, carved stone features with very 
small, micro-abrasive units using aluminum oxide. 

Figure 19. A comparison of undamaged bricks surroundng the electrical 
conduit with the rest of the brick facade emphasizes the severity of the 
erosion caused by sandblasting. 

A number of current approaches to abrasive blasting rely 
on materials that are not usually thought of as abrasive, 
and not as commonly associated with traditional 
abrasive grit cleaning. Some patented abrasive cleaning 
processes - one dry, one wet -use finely-ground glass 
powder intended to "erase" or remove dirt and surface 
soiling only, but not paint or stains (Fig. 20). Cleaning with 
baking soda (sodium bicarbonate) is another patented 
process. Bakmg soda blasting is being used in some 
communities as a means of quick graffiti removal. 
However, it should not be used on historic masonry which 
it can easily abrade and can permanently "etch" the graffiti 
into the stone; it can also leave potentially damaging salts 
in the stone which cannot be removed. Most of these 
abrasive grits may be used either dry or wet, although dry 
grit tends to be used more frequently. 

Figure 20. (Left) A comparison of the limestone surface of a 1920s office building before and after "cleaning" with a proprietary abrasive process using 
fine glass powder clearly shows the effectiveness of this method. But this is an abrasive technique and it has "cleaned" by removing part of the masonry 
surface with the dirt. Because it is abrasive, it is generally not recommended for large-scale cleaning of historic masonry, although it may be suitable to 
use in certain, very limited cases under controlled circumstances. (Right) A vacum chamber where the used glass powder is collected for environmentally 
safe disposal is a unique feature of this particular process. The specially-trained operators in the chamber wear protective clothing, masks and breathing 
equipment. Photos: Tom Keohan. 



Figure 21. Low-pressure blasting with ice pellets or ice crystals (left) is 
an abrasive cleaning method that is sometimes recommended for use 
on interior masonry because it does not involve large amounts of water. 
However, like other abrasive materials, ice crystals "clean" by removing 
a portion of the masonry surface with the dirt, and may not remove 
sOllie sta ins that have penetrated into the l1lasollry withou t causing 
further abrasion (r ight) . Photos: Audrey T. Tepper. 

Ice particles, or pelletized dry ice (carbon dioxide or C02), 
are another medium used as an abrasive cleaner (Fig. 21). 
TItis is also too abrasive to be used on most historic masonry, 
but it may have practical application for removing mastics 
or asphaltic coatings from some substrates. 

Some of these processes are promoted as being more 
environmentally safe and not damaging to historic masonry 
buildings. However, it must be remembered that they are 
abrasive and that they "clean" by removing a small portion 
of the masonry surface, even though it may be only a 
minuscule portion. The fact that they are essentially 
abrasive treatments must always be taken into consideration 
when planning a masonry cleaning project. In general, 
abrasive methods should not be used to clean historic 
masonry buildings. In some, very limited instances, highly
controlled, gentle abrasive cleaning may be appropriate 
on selected, hard-to-clean areas of a historic masonry 
building if carried out under the watchful supervision of 
a professional conservator. But, abrasive cleaning should 
never be used on an entire building. 

Grinders and Sanding Disks. Grinding the masonry 
surface with mechanical grinders and sanding disks is 
another means of abrasive cleaning that should not be used 
on historic masonry. Like abrasive blasting, grinders and 
disks do not really clean masonry but instead grind away 
and abrasively remove and, thus, damage the masonry 
surface itself rather than remove just the soiling material. 

Planning A Cleaning Project 

Once the masonry and soiling material or paint have been 
identified, and the condition of the masonry has been 
evaluated, planning for the cleaning project can begin. 

Testing cleaning methods. In order to determine the 
gentlest means possible, several cleaning methods or 
materials may have to be tested prior to selecting the best 
one to use on the building. Testing should always begin 
with the gentlest and least invasive method proceeding 
gradually, if necessary, to more complicated methods, or 
a combination of methods. All too often simple methods, 
such as low-pressure water wash, are not even considered, 
yet they frequently are effective, safe, and not expensive. 
Water of slightly higher pressure or with a non-ionic 
detergent additive also may be effective. It is worth 
repeating that these methods should always be tested prior 
to considering harsher methods; they are safer for the 
building and the environment, often safer for the applicator, 
and relatively inexpensive. 

The level of cleanliness desired also should be determined 
prior to selection of a cleaning method. Obviously, the 
intent of cleaning is to remove most of the dirt, soiling 
material, stains, paint or other coating. A "brand new" 
appearance, however, may be inappropriate for an older 
building, and may require an overly harsh cleaning method 
to be achieved. When undertaking a cleaning project, it is 
important to be aware that some stains simply may not be 
removable. It may be wise, therefore, to agree upon a 
slightly lower level of cleanliness that will serve as the 
standard for the cleaning project. The precise amount of 
residual dirt considered acceptable may depend on the 
type of masonry, the type of soiling and difficulty of total 
removal, and local environmental conditions. 

Cleaning tests should be carried out in an area of sufficient 
size to give a true indication of their effectiveness. It is 
preferable to conduct the test in an inconspicuous location 
on the building so that it will not be obvious if the test is 
not successful. A test area may be quite small to begin, 
sometimes as small as six square inches, and gradually 
may be increased in size as the most appropriate methods 
and cleaning agents are determined. Eventually the test 
area may be expanded to a square yard or more, and it 
should include several masonry units and mortar joints 
(Fig. 22). It should be remembered that a single building 
may have several types of masonry and that even similar 
materials may have different surface finishes. Each material 
and different finish should be tested separately. Cleaning 
tests should be evaluated only after the masonry has dried 
completely. The results of the tes ts may indicate that 
several methods of cleaning should be used on a single 
building. 

When feasible, test areas should be allowed to weather for 
an extended period of time prior to final evaluation. A 
waiting period of a full year would be ideal in order to 
expose the test patch to a full range of seasons. If this is 
not possible, the test patch should weather for at least a 
month or two. For any building which is considered 
historically important, the delay is insignificant compared 
to the potential damage and disfigurement which may 
result from using an incompletely tested method. The 
successfully cleaned test patch should be protected as it 
will serve as a standard against which the entire cleaning 
project will be measured. 
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Environmental considerations. The potential effect of any 
method proposed for cleaning historic masonry should be 
evaluated carefully. Chemical cleaners and paint removers 
may damage trees, shrubs, grass, and plants. A plan must 
be provided for environmentally safe removal and disposal 
of the cleaning materials and the rinsing effluent before 
beginning the cleaning project. Authorities from the local 
regulatory agency - usually under the jurisdiction of the 
federal or state Environmental Protection Agency (EPA) 
should be consulted prior to beginning a cleaning project, 
especially if it involves anything more than plain water 
washing. This advance planning will ensure that the 
cleaning effluent or run-off, which is the combination of 
the cleaning agent and the substance removed from the 
masonry, is handled and disposed of in an environmentally 
sound and legal manner. Some alkaline and acidic cleaners 
can be neutralized so that they can be safely discharged 
into storm sewers. However, most solvent-based cleaners 
cannot be neutralized and are categorized as pollutants, 
and must be disposed of by a licensed transport, storage 
and disposal facility. Thus, it is always advisable to consult 
with the appropriate agencies before starting to clean to 
ensure that the project progresses smoothly and is not 
intermpted by a stop-work order because a required permit 
was not obtained in advance. 

Vinyl guttering or polyethylene-lined troughs placed around 
the perimeter of the base of the building can serve to catch 
chemical cleaning waste as it is rinsed off the building. 
This will reduce the amount of chemicals entering and 
polluting the soil, and also will keep the cleaning waste 
contained until it can be removed safely. Some patented 
cleaning systems have developed special equipment to 
facilitate the containment and later disposal of cleaning 
waste. 

Concern over the release of volatile organic compounds 
(VOCs) into the air has resulted in the manufacture of new, 
more environmentally responsible cleaners and paint 
removers, while some materials traditionally used in 
cleaning may no longer be available for these same reasons. 
Other health and safety concerns have created additional 
cleaning challenges, such as lead paint removal, which is 
likely to require special removal and disposal techniques. 

Cleaning can also cause damage to non-masonry materials 
on a building, including glass, metal and wood. Thus, it 
is usually necessary to cover windows and doors, and 
other features that may be vulnerable to chemical cleaners. 
They should be covered with plastic or polyethylene, or a 
masking agent that is applied as a liquid which dries to 
form a thin protective film on glass, and is easily peeled 
off after the cleaning is finished. Wind drift, for example, 
can also damage other property by carrying cleaning 
chemicals onto nearby automobiles, resulting in etching 
of the glass or spotting of the paint finish. Similarly, 
airborne dust can enter surrounding buildings, and excess 
water can collect in nearby yards and basements. 

Safety considerations. Possible health dangers of each 
method selected for the cleaning project must be considered 
before selecting a cleaning method to avoid harm to the 

Figure 22. Cleaning test areas may be quite small at first and gradually 
increase in size as tes ting determines the "gentlest means possible". 
Photo: Frances Gale. 

cleaning applicators, and the necessary precautions must 
be taken. The precautions listed in Material Safety Data 
Sheets (MSDS) that are provided with chemical products 
should always be followed. Protective clothing, respirators, 
hearing and face shields, and gloves must be provided to 
workers to be worn at all times. Acidic and alkaline 
chemical cleaners in both liquid and vapor forms can also 
cause serious injury to passers-by (Fig. 23). It may be 
necessary to schedule cleaning at night or weekends if the 
building is located in a busy urban area to reduce the 
potential danger of chemical overspray to pedestrians. 
Cleaning during non-business hours will allow HVAC 
systems to be turned off and vents to be covered to prevent 
dangerous chemical fumes from entering the building 
which will also ensure the safety of the building's occupants. 
Abrasive and mechanical methods produce dust which 
can pose a serious health hazard, particularly if the abrasive 
or the masonry contains silica. 

Water-Repellent Coatings and Waterproof 
Coatings 

To begin with, it is important to understand that waterproof 
coatings and water-repellent coatings are not the same. 
Although these terms are frequently interchanged and 
commonly confused with one another, they are completely 
different materials. Water-repellent coatings --Dften 
referred to incorrectly as "sealers", but which do not or 
should not seal- are intended to keep liquid water from 
penetrating the surface but to allow water vapor to enter 
and leave, or pass through, the surface of the masonry (Fig. 
24). Water-repellent coatings are generally transparent, or 
clear, although once applied some may darken or discolor 
certain types of masonry while others may give it a glossy 
or shiny appearance. Waterproof coatings seal the surface 
from liquid water and from water vapor. They are usually 
opaque, or pigmented, and include bituminous coatings 
and some elastomeric paints and coatings. 



Water-Repellent Coatings 

Water-repellent coatings are formulated to be vapor 
permeable, or "breathable". They do not seal the surface 
completely to water vapor so it can enter the masonry 
wall as well as leave the wall. While the first water
repellent coatings to be developed were primarily acrylic 
or silicone resins in organic solvents, now most water
repellent coatings are water-based and formulated from 
modified siloxanes, silanes and other alkoxysilanes, or 
metallic stearates. While some of these products are 
shipped from the factory ready to use, other waterborne 
water repellents must be diluted at the job site. Unlike 
earlier water-repellent coatings which tended to form a 
"film" on the masonry surface, modem water-repellent 
coatings actually penetrate into the masonry substrate 
slightly and, generally, are almost invisible if properly 
applied to the masonry. They are also more vapor 
permeable than the old coatings, yet they still reduce the 
vapor permeability of the masonry. Once inside the wall, 
water vapor can condense at cold spots producing liquid 
water which, unlike water vapor, cannot escape through 
a water-repellent coating. The liquid water within the 
wall, whether from condensation, leaking gutters, or other 
sources, can cause considerable damage. 

Water-repellent coatings are not consolidants. Although 
modem water repellents may penetrate slightly beneath 
the masonry surface, instead of just "sitting" on top of it, 
they do not perform the same function as a consolidant 
which is to "consolidate" and replace lost binder to 
strengthen deteriorating masonry. Even after many years 
of laboratory study and testing few consolidants have 
proven very effective. The composition of fired products 
such as brick and architectural terra cotta, as well as many 
types of building stone, does not lend itself to consolidation. 

Some modem water-repellent coatings which contain a 
binder intended to replace the natural binders in stone 
that have been lost through weathering and natural erosion 
are described in product literature as both a water repellent 
and a consolidant. The fact that newer water-repellent 
coatings penetrate beneath the masonry surface instead 
of just forming a layer on top of the surface may indeed 
convey at least some consolidating properties to certain 
stones. However, a water-repellent coating cannot be 
considered a consolidant. In some instances, a water
repellent or "preservative" coating, if applied to already 
damaged or spalling stone, may form a surface crust which, 
if it fails, may exacerbate the deterioration by pulling off 
even more of the stone (Fig. 25). 

Is a Water-Repellent Treatment Necessary? 

Water-repellent coatings are frequently applied to historic 
masonry buildings for the wrong reason. They also are 
often applied without an understanding of what they are 
and what they are intended to do. And these coatings can 
be very difficult, if not impossible, to remove from 
the masonry if they fail or become discolored. Most 
importantly, the application of water-repellent coatings to 
historic masonry is usually unnecessary. 

Figure 23. A tarpaulin protects and shields pedestrians from potentially 
harmful spray while chemical cleaning is underway on the granite 
exterior of the U.S. Treasury Building, Washington, D.C. 

Most historic masonry buildings, unless they are painted, 
have survived for decades without a water-repellent 
coating and, thus, probably do not need one now. Water 
penetration to the interior of a masonry building is seldom 
due to porous masonry, but results from poor or deferred 
maintenance. Leaking roofs, clogged or deteriorated 
gutters and downspouts, missing mortar, or cracks and 
open joints around door and window openings are almost 
always the cause of moisture-related problems in a historic 
masonry building. If historic masonry buildings are kept 
watertight and in good repair, water-repellent coatings 
should not be necessary. 

Rising damp (capillary moisture pulled up from the 
ground), or condensation can also be a source of excess 
moisture in masonry buildings. A water-repellent coating 
will not solve this problem either and, in fact, may be 
likely to exacerbate it. Furthermore, a water-repellent 
coating should never be applied to a damp wall. Moisture 
in the wall would reduce the ability of a coating to adhere 
to the masonry and to penetrate below the surface. But, 
if it did adhere, it would hold the moisture inside the 
masonry because, although a water-repellent coating is 
permeable to water vapor, liquid water cannot pass through 
it. In the case of rising damp, a coating may force the 
moisture to go even higher in the wall because it can slow 
down evaporation, and thereby retain the moisture in the 
wall. 

Excessive moisture in masonry walls may carry waterborne 
soluble salts from the masonry units themselves or from 
the mortar through the walls. If the water is permitted to 
come to the surface, the salts may appear on the masonry 
surface as efflorescence (a whitish powder) upon 
evaporation. However, the salts can be potentially 
dangerous if they remain in the masonry and crystallize 
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Figure 24. Although the application of a water-repellent coating W IlS 

probably not needed on either of these buildings, the coating on the 
brick building (above), is not visible and has not changed tile character 
of the brick. But the coating on the brick colllmn (below), has a high 
gloss that is incompatible with the historic character of the masonry. 

beneath the surface as subflorescence. Subflorescence 
eventually may cause the surface of the masonry to spall, 
particularly if a water-repellent coating has been applied 
which tends to reduce the flow of moisture out from the 
subsurface of the masonry. Although many of the newer 
water-repellent products are more breathable than their 
predecessors, they can be especially damaging if applied 
to masonry that contains salts, because they limit the flow 
of moisture through masonry. 

When a Water-Repellent Coating May be Appropriate 
There are some instances when a water-repellent coating 
may be considered appropriate to use on a historic masonry 
building. Soft, incompletely fired brick from the 18th- and 
early-19th centuries may have become so porous that paint 
or some type of coating is needed to protect it from further 
deterioration or dissolution. When a masonry building 
has been neglected for a long period of time, necessary 
repairs may be required in order to make it watertight. 
If, following a reasonable period of time after the building 
has been made watertight and has dried out completely, 
moisture appears actually to be penetrating through the 
repointed and repaired masonry wails, then the application 
of a water-repellent coating may be considered in selected 
areas only. This decision should be made in consultation 
with an architectural conservator. And, if such a treatment 
is undertaken, it should not be applied to the entire exterior 
of the building. 

Anti-graffiti or barrier coatings are another type of clear 
coating-although barrier coatings can also be pigmented
that may be applied to exterior masonry, but they are not 
formulated primarily as water repellents. The purpose of 
these coatings is to make it harder for graffiti to stick to 
a masonry surface and, thus, easier to clean. But, like 
water-repellent coatings, in most cases the application 
of anti-graffiti coatings is generally not recommended for 
historic masonry buildings. These coatings are often quite 
shiny which can greatly alter the appearance of a historic 
masonry surface, and they are not always effective (Fig. 
26) . Generally, other ways of discouraging graffiti, such 
as improved lighting, can be more effective than a coating. 
However, the application of anti-graffiti coatings may be 
appropriate in some instances on vulnerable areas of 
historic masonry buildings which are frequent targets of 
graffiti that are located in out-of-the-way places where 
constant surveillance is not possible. 

Some water-repellent coatings are recommended by 
product manufacturers as a means of keeping dirt and 
pollutants or biological growth from collecting on the 
surface of masonry buildings and, thus, reducing the need 
for frequent cleaning. While this at times may be true, in 
some cases a coating may actually retain dirt more than 
uncoated masonry. Generally, the application of a water
repellent coating is not recommended on a historic masonry 
building as a means of preventing biological growth. 
Some water-repellent coatings may actually encourage 
biological growth on a masonry wall. Biological growth 
on masonry buildings has traditionally been kept at bay 
through regularly-scheduled cleaning as part of a 
maintenance plan. Simple cleaning of the masonry with 
low-pressure water using a natural- or synthetic-bristled 
scrub brush can be very effective if done on a regular basis. 
Commercial products are also available which can 
be sprayed on masonry to remove biological growth. 

In most instances, a water-repellent coating is not 
necessary if a building is watertight. The application of 
a water-repellent coating is not a recommended treatment 
for historic masonry buildings unless there is a specific 



Figure 25. The clear coating applied to this limestone molding has 
fa iled and is taking off some of the stone surface as it peels. Photo: 
Frances Ga le. 

problem which it may help solve. If the problem 
occurs on only part of the building, it is best to treat only 
that area rather than an entire building. Extreme exposures 
such as parapets, for example, or portions of the building 
subject to driving rain can be treated more effectively and 
less expensively than the entire building. Water-repellent 
coatings are not permanent and must be reapplied 

Figure 26. The anti-graffiti or barrier coating on this column is very 
shiny and wou ld not be appropriate to use on a historic masonry 
building. The coating has discolored as it has aged and whitish streaks 
reveal areas of bare concrete where the coating was incompletely 
applied . 

periodically although, if they are truly invisible, it can be 
difficult to know when they are no longer providing the 
intended protection. 

Testing a water-repellent coating by applying it in one 
small area may not be helpful in determining its suitability 
for the building because a limited test area does not allow 
an adequate evaluation of such a treatment. Since water 
may enter and leave through the surrounding untreated 
areas, there is no way to tell if the coated test area is 
"breathable." But trying a coating in a small area may help 
to determine whether the coating is visible on the surface 
or if it will otherwise change the appearance of the masonry. 

Waterproof Coatings 

In theory, waterproof coatings usually do not cause 
problems as long as they exclude all water from the 
masomy. If water does enter the wall from the ground or 
from the inside of a building, the coating can intensify the 
damage because the water will not be able to escape. 
During cold weather this water in the wall can freeze 
causing serious mechanical disruption, such as spalling. 

In addition, the water eventually will get out by the path 
of least resistance. If this path is toward the interior, 
damage to interior finishes can result; if it is toward the 
exterior, it can lead to damage to the masomy caused by 
built-up water pressure (Fig. 27). 

In most instances, waterproof coatings should not be 
applied to historic masonry. The possible exception to 
this might be the application of a waterproof coating to 
below-grade exterior foundation walls as a last resort to 
stop water infiltration on interior basement walls. 
Generally, however, waterproof coatings, which include 
elastomeric paints, should almost never be applied above 
grade to historic masonry buildings. 

Figure 27. Instead of correcting the roof drainage problems, an 
elastomeric coating was applied to the already saturated limeston e 
cornice. An elastomeric coating holds moisture in the masonry because 
it does not "breathe" and does not allow liquid moisture to escape. If 
the water pressure builds up sufficiently it can cause the coating to 
break and pop off as shown in this example, often pulling pieces of the 
masonry with it. Photo: National Park Service Files . 

15 



16 

Summary 

A well-planned cleaning project is an essential step in 
preserving, rehabilitating or restoring a historic masonry 
building. Proper cleaning methods and coating treatments, 
when determined necessary for the preservation of the 
masonry, can enhance the aesthetic character as well as the 
structural stability of a historic building. Removing years 
of accumulated dirt, pollutant crusts, stains, graffiti or 
paint, if done with appropriate caution, can extend the life 
and longevity of the historic resource. Cleaning that is 
carelessly or insensitively prescribed or carried out by 
inexperienced workers can have the opposite of the intended 
effect. It may scar the masonry permanently, and may 
actually result in hastening deterioration by introducing 
harmful residual chemicals and salts into the masonry or 
causing surface loss. Using the wrong cleaning method or 
using the right method incorrectly, applying the wrong 
kind of coating or applying a coating that is not needed 
can result in serious damage, both physically and 
aesthetically, to a historic masonry building. Cleaning a 
historic masonry building should always be done using 
the gentlest means possible that will clean, but not damage 
the building. It should always be taken into consideration 
before applying a water-repellent coating or a waterproof 
coating to a historic masonry building whether it is really 
necessary and whether it is in the best interest of preserving 
the building. 
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Figure 1. After removing deteriorated mortar, an experienced mason repaints 
a portion of this early-20th century limestone building. Photo: Robert C. 
Mack,FAIA. 

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 (Fig. 1). 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: Repainting 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. 
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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 (Fig. 2). 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 
building. In addition to determining the most 
appropriate solutions to the problems, a consultant can 

Figure 2. Much of the mortar on this building has been leached away by 
water from a leaking downspout. The downspout must be replaced and any 
other drainage problems repaired before repainting. Photo: Robert C. Mack, 
FAlA. 

prepare specifications which reflect the particular require
ments 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 (AlC), the 
Association for Preservation Technology (APT), and local 
chapters of the American Institute of Architects (AlA). 

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. 
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 (Figs. 3-4). A simple, non-technical, 
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 



Figure 3. Good-quality repainting closely replicates the original in composition, texture, joint type and profile on this 19th century brick building (left) , and on this 
late-19th century granite on H.H. Richardson's Glessner House in Chicago (right). Photos: Charles E. Fisher: Sharon C. Park, FAIA. 

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.) 

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 

Figure 4. (left) The poor quality of this repainting-it appears to have been " tooled" with the mason's finger-iloes not match the delicacy of the original beaded joint on 
this 19th-century brick wall. (right) It is obvious that the repainting on this "test patch" is not an appropriate replacement mortar joint for this early-19th century 
stone foundation . Photos: Lee H. Nelson , FAIA. 
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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 the 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 (Fig. 5). 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 crystallization within a 
masonry unit creates pressure that can cause parts of the 
outer surface to spall off or delaminate. If the mortar does 
not permit moisture or moisture vapor to migrate out of 
the wall and evaporate, the result 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. 

Figure 5. The use of hard, portland-cement mortar that is less permeable than 
the soft bricks has resulted in severe damage to this brick wall. Moisture 
trapped in the wall was unable to evaporate through the mortar which is 
intended to be sacrificial, and thus protect the bricks. As a result the moisture 
remained in the walls until water pressure eventually popped the surface off 
the bricks. Photo: National Park Service Files. 

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. 



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 repainting 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 

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-chetnical 
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 behind. 
There are several variations on the simple acid 
digestion test. One involves collecting the carbon 
dioxide gas given off as the carbonate is digested 
by the acid; based on the gas volume the carbonate 
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 1324-96 "rest Method 
for Examination and Analysis of Hardened 
Mortars" which was designed specifically for the 
analysis of modem 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 modem 
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. 
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Figure 6. Tinted mortar. (lefOBlack mortar with a beaded joint was used here on this late-19th centun) hard pressed red brick and, (center) a dark brown tintedmortar 
with an almost flush joint was used on this early-20th century Roman brick. (right) When constructed at the turn-of-the-century, thIs buz/dlng was pOinted wllh a 
dark gray mortar to blend with the color of the stone, but the light-colored mortar used In spot repainting has destroyed thIs harmony and adversely Impacts the 
building's historic character. Photos: Anne Grimmer. 

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, .the~ 
produce high strength mortars that can damage histonc 
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 conta~g sand ~ay not 
provide an exact match; however, if the proJect calls for 
total repointing, a pre-blended 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--dean and free from 
acids, alkalis, or other dissolved organic materials. 

Other Components 

Histodc 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 mid-19th 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 "?irty lim~", shell. 
(which often provided a source of hme, partIcularly In 

coastal areas), natural cements, pieces of clay, lampblack 
or other pigments, or even animal hair .. The visual char
acteristics 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 f,?r each p~oject. If 
possible, suggested sources for speCIal matenals 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 ~ the late 
19th century, were tinted to match or contra~t WIt~ the 
brick or stone (Fig. 6). 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. 

Modem components. Admixtures are used to create 
specific characteristics in mortar, and ,:,h~t~er 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 specifi
cations, not something routinely added by the masons. 

Generally, modern chemical additives are .~eces.sary 
and may, in fact, have detrimental effects In histonc 
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-entrainme2t of 10-16 percent may b;, . 
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 ~nd 
the adjacent surfaces. In addition, a bonding agent I~ 
difficult to remove if smeared on a masonry surface (FIg. 7). 



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 0,800 psi), 
Type N (750 psi), Type 0 (350 psi) and Type K (75 psi) . 
(The letters identifying the types are from the words 
MA20N WORK using every other letter.) Type K has 
the highest lime content of the mixes that contain 
portland cement, although it is 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. 

Figure 7. The dark stain on 
either side of the vertical 
joint on this sandstone 
watertable probably resulted 
from the use of a bonding 
agent that was not properly 
cleaned off the masonry 
after repainting. Photo: 
Anne Grimmer. 

Figure 8. Due to inadequate joint preparation, the repainting mortar has not 
adhered properly and is fa lling out of the joint. Photo: Robert C. Mack, FAIA. 

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 that 
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. 

In scheduling, seasonal aspects need to be considered 
first. Generally speaking, wall 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 
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Incorrect 
Mortar not cleaned out to a 
sufficient unifonn depth 

Edges of brick damaged by tool or 
grinder. Creates wider joint 

Correct 
Mortar cleaned out to a 
uniform depth-about I" deep. 

~~,.,.""".,..,~'" ~ Undamaged edges of brick. 

Figure 9. Comparison of incorrect and correct preparation of mortar joints 
for repointing. Drawing: Robert C. Mack, FAlA, and David W. Look, AlA. 

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 

The ideal way to select a contractor is to ask knowledge
able 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 

Figure 10. Using a hammer and masonry chisel is the least damaging and, 
thus, generally the preferred method of removing old mortar in preparation 
for repointing historic masonry. Photo: John P. Speweik. 



Figure 11. The damage to the edges and corners of these historic bricks was 
caused by using a mechanical grinder to rake out the joints. Note the 
overcutting of the head joint and the damage to the arises (corners) of the 
bricks. Photo: Lee H. Nelson , FAIA. 

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" (Fig. 8). For most brick joints, this will 
require removal of the mortar to a depth of approximate
ly 1/2 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 (Fig. 9). 

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 
(Fig. 10). 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 (Fig. 11). 

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. 

Figure 12 .. A power grinder, operated correctly by a skilled mason may be 
used in preparation for repainting to cut wide, horizontal mortar joints, 
typical of many early-20th century brick structures without causing damage 
to the brick. Note the use of protective safety equipment. Photo: Robert C. 
Mack, FAIA. 

Under certain circumstances, thin diamond-bladed 
grinders may be used to cut out horizontal joints only on 
hard portland cement mortar common to most early-20th 
century masonry buildings (Fig. 12). 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 
repainting. 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 (Fig. 13). Although mechanical tools may 
be used safely 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 
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Figure 13. (left) In preparation for repointing, the mortar joints on these 
granite steps are first cut out mechanically (note the vacuum attached to the 
cutting tool in foreground to cut down on dust). (right) Final removal of the 
old mortar is done by hand to avoid damage to the edges of the joints. 
Mechanical preparation of horizontal joints by an experienced mason may 
sometimes be acceptable, especially where the joints are quite wide and the 
masonry is a very hard stone. Photos: Anne Grimmer. 

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 (Fig. 14). 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 I 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 rep ointing 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 00:2:9) or Type K 0:3:11)-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," jeopardiz
ing 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 1 Ij2 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 Ij4 inch of 
mortar, packing it well into the back corners. This 



a b c 

d e f 
Figure 14. Mixing mortar using lime putty: (a) proportioning sand; (b) proportioning lime putty; (c) placing lime putty on top of sand; (d) mixing sand over 
lime putty; (e) hand mixing mortar; and, (f) sample of mortar after mixing. Photos: John P. Speweik. 

application may extend along the wall for several 
feet. As soon as the mortar has reached thumb-print 
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 (Fig. 15). 
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 (Fig. 16). 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 00:2:9), 
Type K 0:3:11), 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 
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Figure 15. The profile of the repointed joints on the left replicate the historic 
joints around the corner to the right on the front of this stone building in 
Leesburg, VA. The contractor's pride in the repointing work is evident by the 
signature in the vertical joint. Photo: Anne Grimmer. 

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 and new mortar is too extreme, it may be 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 0-2 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 

Joints 
filled 
too full 

Wide 
feather edge 
susceptible to 
spalling 

Joints 
slightly 
recessed 

Figure 16. Comparison of visual effect of full mortar joints vs. slightly recessed 
joints. Filling joints too full hides the actual joint thickness and changes the 
character of the original brickwork. Drawing: Robert C. Mack, FAlA. 

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 

Figure 17. This photograph shows the significant visual change to the 
character of this historic brick building that has resulted from improper 
repointing procedures and a noticeably increased thickness of the mortar 
joints. Photo: Lee H. Nelson, FAlA. 



Mortar Types 

(Measured by volume) 

Designation Cement Hydrated Lime Sand 
or Lime Putty 

M 1 '/4 3 - 3 3/4 

S 1 '/2 4 - 4 'Iz 

N 1 1 5-6 

0 1 2 8-9 

K 1 3 10 -12 

'1..." 0 1 2'/4 - 3 

methods. Generally, on newly repointed masonry walls, 
only very low pressure (100 psi) water washing supple
mented 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 
cement-based grout to the mortar joints and the 
mortar Ibrick 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 infonnation on masonry cleaning is presented in 
Preseroation Briefs 1: The Cleaning and Waterproof Coating of Masonry 
Buildings, Robert C Mack, AlA, Washington, D.C: Technical 
Preservation Services, National Park Service, U.s. Department of the 
Interior, 1975; 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. 

Suggested Mortar Types for Different Exposures 

Exposure 

Masonry Material Sheltered Moderate Severe 

Very Durable: 
granite, hard-cored 
brick, etc. 0 N S 

Moderately Durable: 
limestone, durable stone, 
molded brick K 0 N 

Minimally Durable: 
soft hand-made brick "L" K 0 

Summary 
For the Owner/Administrator. The owner or adminis
trator 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 modem 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. 
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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 lO-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 deteriora
tion. 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 

Figure 19. Mortar joints of 18th century brick buildings were often as much 
as 1/2 inch wide, cut flush and struck with a grapevine joint, but for window 
and door surrounds where a finer quality rubbed brick was used, mortar 
joints were very thin . Photo: National Park Service Files. 

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 (Fig. 18). 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 (Fig. 19). 
Tuckpointing is not true repointing but the 

Figure 20. This stone garden wall was tuckpointed to match the tuckpointing 
on the c. 19205 house on the property. Photo: Anne Grimmer. 
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application of a raised joint or lime putty joint on top 
of flush mortar joints (Fig. 20). 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, particula~ly with 
hand-made brick or rough-cut, locally-quarned 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 temperatu~e of 
approximately 70 degrees F for about a ,:"eek, ~r It can 
be baked in an oven to speed up the cunng; thIS 
sample is then broken open and the surface is compared 

Figure 18. A cross-section of mortar joint Iypes. (a). 
Grapevine joints on a mid-18th century brzck bUlldzng; 
(b) flush joints on a mid-to-late 19th century brzck . 
building; (c) beaded joints on a late-19th century brzck 
building; (d) early-20th century beaded Joznts on rou~h
cut limestone where the vertical joints were struck przor 
to the horizontal joints; (e) raked joints on 1920s wire 
brick; (f) horizontal joints on a 1934 building designed 
by Frank Lloyd Wright were raked back from the face of 
the bricks, and the vertical joints were filled wIth a red
tinted mortar to emphasize the horizontalily of the 
narrow bricks, and struck flush with the face of the 
bricks; (g) the joints on this 20th century glazed terra
cotta tile building are raked slightly, emphasizing the 
glazed block face. Photos: National Park Service Files 
(a,b,e); Robert C. Mack, FAlA (c,d,f,g). 

g 

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. 

! 

j 

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 sho.uld 
include an estimated price for the replacement matenals 
with the final price based on the actual cost to the contractor. 
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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 (Fig. 17). The mortar 
joint in a historic masonry building has often been 
called a wall's "first line of defense." Good rep ointing 
practices guarantee the long life of the mortar joint, the 
wall, and the historic structure. Although careful 
maintenance will help preserve the freshly repainted 
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 surface cleaning of structures shall be unde rtaken with the gentlest means possible . Sandblasting and other 
cleaning methods that will damage the historic building materials shall not be undertaken ."-The Secretary of the 
Interior's "Standards for Historic Preservation Projects ." 

Abrasive cleaning methods are responsible for ca using a great 
deal of damage to historic building material s. To prevent 
indiscriminate use of these potentially harmful techniques. 
this brief has been prepared to explain abrasive cleaning 
methods, how they can be physically and aesthetically de
structive to historic building materials , and why they generally 
are not acceptable preservation treatments for historic st ruc
tures. There are alternative, less harsh means of cleaning and 
removing paint and stains from historic buildings. However . 
careful testing should preceed general cleaning to assure that 
the method selected will not have an adverse effect on th e 
building materials. A historic building is irreplaceable. and 
should be cleaned using only the "gen tlest means possible" 
to best preserve it. 

What is Abrasive Cleaning? 

Abrasive cleaning methods include all techniques that phys
ically abrade the building surface to remove soils, discolor
ations or coatings . Such techniques involve the use of certain 
materials which impact or abrade the surface under pressure , 
or abrasive tools and equipment. Sand, because it is readily 
available, is probably the most commonly used type of grit 
material. However , any of the following materials may be 
substituted for sand, and all can be classified as abrasive 
substances: ground slag or volcanic ash, crushed (pulverized) 
walnut or almond shells. rice husks , gwund corncobs, ground 
coconut shells, crushed eggshells, silica flour , synthetic par
ticles, glass beads and micro-balloons. Even water under pres
sure can be an abrasive substance. Tools and equipment that 
are abrasive to historic building materials include wire 

brushes , rotary wheels, power sanding disks and belt sanders. 
The use of water in combination with grit may also be 

classified as an abrasive cleaning method. Depending on the 
manner in which it is applied, water may soften the impact 
of the grit, but water that is too highly pressurized can be 
very abrasive . There are basically two different methods 
which can be referred to as " wet grit," and it is importa nt to 
differentiate between the two. One technique involves the 
addition of a stream of water to a regular sandb lasting nozzle. 
This is done primarily to cut down dust. and has very little, 
if any , effect on reducing the aggressiveness, or cutting action 
of the grit particles. With the second technique, a very small 
amount of grit is added to a pressurized water stream. This 
method may be controlled by regulating the amount of grit 
fed into the water stream, as well as the pressure of the water. 

Why Are Abrasive Cleaning Methods Used? 

Usually, an abrasive cleaning method is selected as an ex
peditious means of quickly removing years of dirt accumu
lation, unsightly stains, or deteriorating building fabric or 
finishes , such as stucco or paint. The fact that sandblasting 
is one of the best known and most readily available building 
cleaning treatments is probably the major reason for its fre
quent use . 

Many mid-19th century brick buildings were painted im
mediately or soon after completion to protect poor quality 
brick or to imitate another material. such as stone. Sometimes 
brick buildings were painted in an effort to produce what was 
considered a more harmonious relationship between a build
ing and its natural surroundings. By the 1870s , brick buildings 
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Abrasively Cleaned vs. Untouched Brick. Two brick rowhouses with 
a common far;ade provide an excellent point of comparison when only 
one of the houses has been sandblasted. It is clear that abrasive blasting. 
by removing the outer surface. has left the brickwork on the left rough 
and pitted. while that on the right still exhibits an undamaged and 
relatively smooth surface. Note that the abrasive cleaning has also 
removed a considerable portion of the mortar from the joints of the 
brick on the left side. which will require repointing. 

were often left unpainted as mechanization in the brick in
dustry brought a cheaper pressed brick and fashion decreed 
a sudden preference for dark colors. However . it was still 
customary to paint brick of poorer quality for the additional 
protection the paint afforded. 

It is a common 20th-century misconception that a ll historic 
masonry buildings were initially unpainted. If the intent of 
a modern restoration is to return a building to its original 
appearance. removal of the paint not only may be historically 
inaccurate, but also harmful. Many older buildings were 
painted or stuccoed at some point to correct recurring main
tenance problems caused by faulty construction techniques. 
to hide alterations, or in an attempt to solve moisture prob
lems. If this is the case. removal of paint or stucco may cause 
these problems to reoccur. 

Another reason for paint removal. particularly in rehabil
itation projects . is to give the building a " new image" in 
response to contemporary design trends and to attract inves
tors or tenants. Thus. it is necessary to consider the purpose 
of the intended cleaning. While it is clearly important to 
remove unsightly stains. heavy encrustations of dirt. peeling 
paint or other surface coatings. it may not be equally desirable 
to remove paint from a building which originally was painted. 
Many historic buildings which show only a slight amount of 
soil or discoloration are much better left as they are. A thin 
layer of soil is more often protective of the building fabric 
than it is harmful. and seldom detracts from the building's 
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Abrading the Surface without Removing the Paint. Even though the 
entire outer surface layer of the brick has been sandblasted off. spots 
of paint still cling to the masonry. Sandblasting or other similarly 
abrasive methods are not always a successful means of removing paint. 

architectural and/or historic character. Too thorough cleaning 
of a historic building may not only sacrifice some of the build
ing's character, but also. misguided cleaning efforts can cause 
a great deal of damage to historic building fabric. Unless 
there are stains, graffiti or dirt and pollution deposits which 
are destroying the building fabric. it is generally preferable 
to do as little cleaning as possible. or to repaint where nec
essary. It is important to remember that a historic building 
does not have to look as if it were newly constructed to be 
an attractive or successful restoration or rehabilitation proj
ect. For a more thorough explanation of the philosophy of 
cleaning historic buildings see Preservation Briefs: No. I 
"The Cleaning and Waterproof Coating of Masonry Build
ings," by Robert C. Mack . AlA. 

Problems of Abrasive Cleaning 

The crux of the problem is that abrasive cleaning is just that
abrasive. An abrasively cleaned historic structure may be 
physically as well as aesthetically damaged. Abrasive methods 
"clean" by eroding dirt or paint, but at the same time they 
also tend to erode the surface of the building material. In this 
way, abrasive cleaning is destructive and causes irreversible 
harm to the historic building fabric. If the fabric is brick, 
abrasive methods remove the hard, outer protective surface, 
and therefore make the brick more susceptible to rapid weath
ering and deterioration . Grit blasting may also increase the 
water permeability of a brick wall. The impact of the grit 
particles tends to erode the bond beiween the mortar and the 
brick, leaving cracks or enlarging existing cracks where water 
can enter. Some types of stone develop a protective patina 
or " quarry crust" parallel to the worked surface (created by 
the movement of moisture towards the outer edge). which 
also may be damaged by abrasive cleaning. The rate at which 
the material subsequently weathers depends on the quality 
of the inner surface that is exposed. 

Abrasive cleaning can destroy . or substantially diminish. 
decorative detailing on buildings such as a molded brickwork 
or architectural terra-cotta. ornamental carving on wood or 
stone. and evidence of historic craft techniques . such as tool 
marks and other surface textures. In addition. perfectly sound 
and/or "tooled" mortar joints can be worn away by abrasive 
techniques . This not only results in the loss of historic craft 
detailing but also requires repointing. a step involving con-



slderable time, skill and expense, and which might not have 
been necessary had a gentler method been chosen. Erosion 
and pitting of the building material by abrasive cleaning cre
ates a greater surface area on which dirt and pollutants col
lect. In this sense, the building fabric "attracts" more dirt, 
and will require more frequent cleaning in the future. 

In addition to causing physical and aesthetic harm to the 
historic fabric, there are several adverse environmental ef
fects of dry abrasive cleaning methods. Because of the friction 
caused by the abrasive medium hitting the building fabric, 
these techniques usually create a considerable amount of 
dust, which is unhealthy, particularly to the operators of the 
abrasive equipment. It further pollutes the environment 
around the job site, and deposits dust on neighboring build
ings, parked vehicles and nearby trees and shrubbery. Some 
adjacent materials not intended for abrasive treatment such 
as wood or glass, may also be damaged because the equipment 
may be difficult to regulate. 

Wet grit methods, while eliminating dust, deposit a messy 
slurry on the ground or other objects surrounding the base 
of the building. In colder climates where there is the threat 
of frost , any wet cleaning process applied to historic masonry 
structures must be done in warm weather, allowing ample 
time for the wall to dry out thoroughly before cold weather 
sets in. Water which remains and freezes in cracks and open
ings of the masonry surface eventually may lead to spalling. 
High-pressure wet cleaning may force an inordinate amount 
of water into the walls, affecting interior materials such as 
plaster or joist ends, as well as metal building components 
within the walls. 

Variable Factors 

The greatest problem in developing practical guidelines for 
cleaning any historic building is the large number of variable 
and unpredictable factors involved. Because these variables 
make each cleaning project unique, it is difficult to establish 
specific standards at this time. This is particularly true of 
abrasive cleaning methods because their inherent potential 
for causing damage is multiplied by the following factors : 
- the type and condition of the material being cleaned; 
- the size and sharpness of the grit particles or the mechan-

ical equipment; 
- the pressure with which the abrasive grit or equipment is 

applied to the building surface; 
- the skill and care of the operator; and 
- the constancy of the pressure on all surfaces during the 

cleaning process. 

Micro-Abrasive Cleaning. This small. pencil-sized micro-abrasive unit 
is used by some museum conservators to clean small objects. This 
particular micro-abrasive unit is operated within the confines of a box 
(approximately 2 cubic feet of space) . but a similar and slightly larger 
unit may be used for cleaning larger pieces of sculpture. or areas of 
architectural detailing on a building. Even a pressure cleaning unit this 
small is capable of eroding a surface. and must be carefully controlled. 

"Line Drop." Even though the operator afthe sandblasting equipment 
is standing on a ladder to reach the higher sections of the wall. it is still 
almost impossible to have total control over the pressure. The pressure 
of the sand hitting the lower portion of the wall will still be greater 
than that above. because of the "line drop" in the distance from the 
pressure source to the nozzle. (Hugh Miller) 

Pressure: The damaging effects of most of the variable factors 
involved in abrasive cleaning are self evident. However, the 
matter of pressure requires further explanation. In cleaning 
specifications, pressure is generally abbreviated as " psi" 
(pounds per square inch), which technically refers to the "tip" 
pressure, or the amount of pressure at the nozzle of the blast
ing apparatus. Sometimes "psig," or pressure at the gauge 
(which may be many feet away, at the other end of the hose), 
is used in place of "psi." These terms are often incorrectly 
used interchangeably. 

Despite the apparent care taken by most architects and 
building cleaning contractors to prepare specifications for 
pressure cleaning which will not cause harm to the delicate 
fabric of a historic building, it is very difficult to ensure that 
the same amount of pressure is applied to all parts of the 
building. For example, if the operator of the pressure equip
ment stands on the ground while cleaning a two-story struc
ture, the amount of force reaching the first story will be 
greater than that hitting the second story, even if the operator 
stands on scaffolding or in a cherry picker, because of the 
"line drop" in the distance from the pressure source to the 
nozzle. Although technically it may be possible to prepare 
cleaning specifications with tight controls that would elimi
nate all but a small margin of error, it may not be easy to 
find professional cleaning firms willing to work under such 
restrictive conditions. The fact is that many professional 
building cleaning firms do not really understand the extreme 
delicacy of historic building fabric, and how it differs from 
modern construction materials. Consequently, they mily ac-
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cept building cleaning projects for which they have no ex
perience. 

The amount of pressure used in any kind of cleaning treat
ment which involves pressure, whether it is dry or wet grit, 
chemicals or just plain water, is crucial to the outcome of the 
cleaning project. Unfortunately, no standards have been es
tablished for determining the correct pressure for cleaning 
each of the many historic building materials which would not 
cause harm. The considerable discrepancy between the way 
the building cleaning industry and architectural conservators 
define " high" and "low" pressure cleaning plays a significant 
role in the difficulty of creating standards. 

Nonhistoricllndustria/: A representative of the building clean
ing industry might consider " high" pressure water cleaning 
to he anything over 5,000 psi, or even as high as 10,000 to 
15 ,000 psi' Water under this much pressure may be necessary 
to clean industrial structures or machinery, but would destroy 
most historic building materials. Industrial chemical cleaning 
commonly utilizes pressures between I ,000 and 2,500 psi. 

Spalling Brick, This soft. earlv 19th-cell/llry hrick was sandblasted ill 
the 1960s; consequentlv. ~el'ere spallillg has resulted. Some hricks hal'l' 
almo.1'I towlly disintegrated. and will el'enll/allv hUl'e to he replaced. 
(Rohert S. Gamhle) 

Historic: By contrast. conscientious dry or wet abrasive clean
ing of a historic structure wo uld be conducted within the 
range of 20 to 100 psi at a range of 3 to 12 inches. Cleaning 
al this low pressure requires the use of a very fine 00 or 0 
mesh grit forced through a nozzle with a Y4 inch opening. A 
similar. even more delicate method being adopted by archi
tectural conservators uses a micro-abrasive grit on small, 
hard-to-clean areas of carved, cut or molded ornament on a 
building fac;ade. Originally developed by museum conserva
tors for cleaning sculpture, this technique may employ glass 
beads, micro-balloons , or another type of micro-abrasive 
gently powered at approximately 40 psi by a very small, al
most pencil-like pressure instrument. Although a slightly 
larger pressure instrument may be used on historic buildings, 
this technique still has limited practical applicability on a large 
scale building cleaning project because of the cost and the 
relatively few technicians competent to handle the task. In 
general. architectural conservators have determined that only 
through very com rolled conditions can most historic building 
material be abrasivl:ly cleaned of soil or paint without meas
urable damage to the surface or profile of the substrate. 

Yet some professional cleaning companies which sepcialize 
in cleaning historic masonry buildings use chemicals and water 
at a pressure of approximately 1,500 psi, while other cleaning 
firms recommend lower pressures ranging from 200 to 800 psi 
for a similar project. An architectural conservator might de
cide, after testing. that some historic structures could be 
cleaned properly using a moderate pressure (200-600 psi), or 
even a high pressure (600-1800 psi) water rinse . However, 
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cleaning historic buildings under such high pressure should 
be considered an exception rather than the rule, and would 
require very careful testing and supervision to assure that the 
historic surface materials could withstand the pressure with
out gouging, pitting or loosening. 

These differences in the amount of pressure used by com
mercial or industrial building cleaners and architectural con
servators point to one of the main problems in using abrasive 
means to clean historic buildings: misunderstanding of the 
potentially fragile nature of historic building materials . There 
is no one cleaning formula or pressure suitable for all situa
tions . Decisions regarding the proper cleaning process for 
historic structures can be made only after careful analysis of 
the building fabric, and testing. 

How Building Materials React to Abrasive Cleaning 
Methods 

Brick and Architectural Terra-Cotta: Abrasive blasting does 
not affect all building materials to the same degrec. Such 
techniques quite logically cause greater damage to softer and 
more porous materials, such as brick or architectural terra
cotta. When these materials are cleaned abrasively, the hard , 
outer layer (closest to the heat of the kiln) is eroded, leaving 
the soft. inner core exposed and susceptible to accelerated 
weathering. Glazed architectural terra-cotta and ceramic ve
neer have a baked-on glaze which is also easily damaged by 
abrasive cleaning. Glazed architectual terra-cotta was de
signed for easy maintenance, and generally can be cleaned 
using detergent and water ; but chemicals or steam may be 
needed to remove more persistent stains. Large areas of brick 
or architectural terra-cotta which have been painted are best 
left painted. or repainted if necessary . 

Plaster and Stucco: Plaster and stucco are types of masonry 
finish materials that are softer than brick or terra-cotta: if 
treated abrasively these materials will simply disintegrate. 
Indeed. when plaster or stucco is treated abrasively it is usu
ally with the intention of removing the plaster or stucco from 
whatever base material or substrate it is covering. Obviously. 
such abrasive techniques should not be applied to clean sound 
plaster or stuccoed walls, or decorative plaster wall surfaces. 

Building Stones: Building stones are cut from the three main 
categories of natural rock: dense, igneous rock such as gran
ite; sandy. sedimentary rock such as limestone or sandstone: 
and crystalline, metamorphic rock such as marble. As op-

Abrasive Cleaning of Tooled Granite, Even this carefully colllrolled 
"wet grit" blasting has erased verticallOoling marks in the CIII granite 
blocks on the left. Not only has the lOoling been destroyed, bill the 
damaged stone surface is now more susceptible 10 accelerated weath
ering. 



posed to kiln-dried masonry materials such as brick and ar
chitectural terra-cotta , building stones are generally 
homogeneous in character at the time of a bui lding's con
struction . However , as the stone is exposed to weatheri ng 
and environmental pollutants , the surface may become fria
ble, or may develop a protective skin or patina. These outer 
surfaces are very susceptible to damage by abrasive or im
proper chemical cleaning. 

Building stones are frequently cut into ashlar blocks or 
"dressed" with tool marks that give the building surface a 
specific texture and contribute to its historic character as 
much as ornately carved decorative stonework. Such detailing 
is easi ly damaged by abrasive cleaning techniques: the pattern 
of tooling o r cutting is erased, and the crisp lines of moldings 
or carving are worn or pitted . 

Occasionally, it may be possible to clean small areas of 
rough-cut granite , limestone or sandstone having a heavy dirt 
encrustation by using the " wet grit" method . whereby a small 
amount of abrasive material is injected into a controlled. 
pressurized water stream. However, this techn ique requires 
very ca reful supervision in order to prevent damage to the 
stone. Po li shed or honed marble or granite shou ld never be 
treated abrasively, as the abrasion would remove the fin ish 
in much the way glass would be etched or "frosted" by such 
a process. It is genera ll y preferable to underclean . as too 
strong a cleaning procedure will erode the stone, exposing 
a new and increased surface area to collect atmospheric mois
ture and dirt. Removing paint, stains or graffiti from most 
types of stone may be accomplished by a chemical treatment 
carefully selected to best handle the removal of the particular 
type of paint or stain without damaging the stone. (See section 
on the "Gentl est Means Possible") 

Abrasive Cleaning of Wood. This wooden windowsill. molding and 
paneling have been sandblasted to remove layers oj paint in the re
habilitation oj this commercial building. Not only is some paint still 
embedded in cracks and crevices oj the woodwork. but more impor
tantly. grit blasting has actually eroded the summer wood. in eJJect 
raising the grain. and resulting in a rough surJace. 

Wood: Most types of wood used for buildings are soft. fibrous 
and porous, and are particularly susceptible to damage by 
abrasive cleaning. Because the summer wood between the 
lines of the grain is softer than the grain itself, it will be worn 
away by abrasive blasting or power tools, leaving an uneven 
surface with the grain raised and often frayed or "fuzzy," 
Once this has occurred, it is almost impossible to achieve a 
smooth surface again except by extensive hand sanding , which 
is expensive and will quickly negate any costs saved earlier 
by sandblasting. Such harsh cleaning treatment also obliter
ates historic tool marks , fine carving and detailing, which 
precludes its use on any interior or exterior woodwork which 
has been hand planed , milled or carved. 
Metals: Like stone, metals are another group of building 
materials which vary considerably in hardness and durability. 
Softer metals which are used architecturally. such as tin, zinc , 
lead , copper or aluminum, generally should not be cleaned 
abrasively as the process deforms and destroys the original 
surface texture and appearance, as well as the acquired pa
tina . Much applied architectural metal work used on historic 
buildings-tin , zinc , lead and copper-is often quite thin and 
soft, and therefore susceptible to denting and pitting. Gal
vanized sheet metal is especially vulnerable, as abrasive treat
ment would wear away the protective galvanized layer. 

In the late 19th and early 20th centuries , these metals were 
often cut, pressed or otherwise shaped from sheets of metal 
into a wide variety of practica l uses such as roofs, gutters and 
flashing , and fac;ade ornamentation such as cornices. friezes . 
dormers, panels , cupolas . oriel windows. etc. The architec
ture of the 1920s and 1930s made use of metals such as 
chrome, nickel alloys, aluminum and stainless steel in dec
orative exterior panels , window frames. and doorways. Harsh 
abrasive blasting would destroy the original surface finish of 
most of these metals , and would increase the possiblity of 
corrosion. 

However , conservation specialists are now employing a 
sensitive technique of glass bead peening to clean some of 
the harder metals, in particular large bronze outdoor sculp
ture . Very fine (75-125 micron) glass beads are used at a low 
pressure of 60 to 80 psi. Because these glass beads are com
pletely spherical, ther are no sharp edges to cut the surface 
of the metal. After cleaning, these statues undergo a lengthy 
process of polishing. Coatings are applied which protect the 
surface from corrosion. but they must be renewed every 3 to 
5 years. A similarly delicate cleaning technique employing 
glass beads has been used in Europe to clean historic masonry 
structures without causing damage. But at this time the proc
ess has not been tested sufficiently in the United States to 
recommend it as a building conservation measure. 

Sometimes a very fine smooth sand is used at a low pressure 
to clean or remove paint and corrosion from copper flashing 
and other metal building components. Restoration architects 
recently found that a mixture of crushed walnut shells and 
copper slag at a pressure of approximately 200 psi was the 
only way to remove corrosion successfully from a mid-19th 
century terne-coated iron roof. Metal cleaned in this manner 
must be painted immediately to prevent rapid recurrence of 
corrosion. It is thought that these methods "work harden " 
the surface by compressing the outer layer. and actually may 
be good for the surface of the metal. But the extremely com
plex nature and the time required by such processes make it 
very expensive and impractical for large-scale use at this time. 

Cast and wrought iron architectural elements may be gently 
sandblasted or abrasively cleaned using a wire brush to re
move layers of paint, rust and corrosion. Sandblasting was. 
in fact , developed originally as an efficient maintenance pro
cedure for engineering and industrial structures and heavy 
machinery-iron and steel bridges, machine tool frames . en
gine frames, and railroad rolling stock-in order to clean and 
prepare them for repainting . Because iron is hard , its surface. 
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which is naturally somewhat uneven, will not be noticeably 
damaged by controlled abrasion. Such treatment will. how'
ever, re~ult in a small amount of pitting. But this slight abra
sion creates a good surface for paint, since the iron must bc 
repainted immediately to prevent corrosion. Any abrasive 
cleaning of metal building components will also remove the 
caulking from joints and around other openings. Such areas 
must be recaulked quickly to prevent moisture from entering 
and rusting the metal, or causing deterioration of other build
ing fabric inside the structure. 

When is Abrasive Cleaning Permissible? 

For the most part, abrasive cleaning is destructive to historic 
building materials. A limited number of special cases have 
been explained when it may be appropriate, if supervised by 
a skilled conservator, to use a delicate abrasive technique on 
some historic building materials. The type of "wet grit" clean
ing which involves a small amount of grit injected into a 
stream of low pressure water may be used on small areas of 
stone masonry (i.e., rough cut limestone, sandstone or un
polished granite), where milder cleaning methods have not 
been totally successful in removing harmful deposits of dirt 
and pollutants. Such areas may include stone window sills, 
the wps of cornices or column capitals, or other detailed areas 
of the fa<;ade. 

This is still an abrasive technique, and without proper cau
tion in handling, it can be jus I as harmful 10 Ihe building 
surface as any olher abrasive cleaning method. Thus, the de
cision to use this type of "wet grit" process should be made 
only after consultation with an experienced building con
servator. Remember that il is very lime consuming and ex
pensive to use any abrasive technique on a historic building 
in such a manner that it does not cause harm to the often fragile 
and friable building materials. 

At this time , and only under certain circumstances, abrasive 
cleaning methods may be used in the rehabilitation of interior 
spaces of warehouse or industrial buildings for contemporary 
uses. 

Interior spaces of factories or warehouse structures in which 
the masonry or plaster surfaces do not have significant design, 
detailing, tooling or finish, and in which wooden architectural 
features are not finished, molded, beaded or worked by hand, 
may be cleaned abrasively in order to remove layers of paint 
and industrial discolorations such as smoke, soot, etc. It is 
expected after such treatment that brick surfaces will be rough 
and pitted, and wood will be somewhat frayed or "fuzzy" 

Permissible Abrasive Cleaning, In accordance with the Secretary of 
the Interior's Guidelines for Rehabilitation Projects, it may be ac
ceptable to use abrasive techniques to clean an industrial interior space 
such as that il/ustraled here, because the masonry surfaces do not have 
significant design, detailing, tooling or finish, and the wooden archi
tectural features are not finished, molded, beaded or worked by hand. 
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with raised wood grain. These nonsignificant surfaces will be 
damaged and have a roughened texture, but because they are 
interior elements, they will not be subject to further deteri
oration caused by weathering. 

Historic Interiors that Should Not Be Cleaned Abrasively 

Those instances (generally industrial and some commercial prop
erties), when it may be acceptable to use an abrasive treatment 
on the interior of historic structures have been described. But for 
the majority of historic buildings, the Secretary of the Interior's 
Guidelines for Rehabilitation do not recommend "changing the 
texture of exposed wooden architectural features (induding struc
tural members) and masonry surfaces through sandblasting or use 
of other abrasive techniques to remove paint, discolorations and 
plaster. ... " 

Thus, it is not acceptable to clean abrasively interiors of 
historic residential and commercial properties which have fin
ished interior spaces featuring milled woodwork such as 
doors, window and door moldings, wainscoting, stair balus
trades and mantelpieces. Even the most modest historic house 
interior, although it may not feature elaborate detailing, con
tains plaster and woodwork that is architecturally significant 
to the original design and function of the house. Abrasive 
cleaning of such an interior would be destructive to the his
toric integrity of the building. 

Abrasive cleaning is also impractical. Rough surfaces of 
abrasively cleaned wooden elements are hard to keep clean. 
It is also difficult to seaL paint or maintain these surfaces 
which can be splintery and a problem to the building's oc
cupants. The force of abrasive blasting may cause grit par
ticles to lodge in cracks of wooden elements, which will be 
a nuisance as the grit is loosened by vibrations and gradually 
sifts out. Removal of plaster will reduce the thermal and 
insulating value of the walls. Interior brick is usually softer 
than exterior brick, and generally of a poorer quality. Re
moving surface plaster from such brick by abrasive means 
often exposes gaping mortar joints and mismatched or re
paired brickwork which was never intended to show . The 
resulting bare brick wall may require repointing, often dif
ficult to match. It also may be necessary to apply a transparent 
surface coating (or sealer) in order to prevent the mortar and 
brick from "dusting." However, a sealer may not only change 
the color of the brick, but may also compound any existing 
moisture problems by restricting the normal evaporation of 
water vapor from the masonry surface. 

"Gentlest Means Possible" 

There are alternative means of removing dirt, stains and paint 
from historic building surfaces that can be recommended as 
more efficient and less destructive than abrasive techniques. 
The "gentlest means possible" of removing dirt from a build
ing surface can be achieved by using a low-pressure water 
wash, scrubbing areas of more persistent grime with a natural 
bristle (never metal) brush. Steam cleaning can also be used 
effectively to clean some historic building fabric. Low-pres
sure water or steam will soften the dirt and cause the deposits 
to rise to the su rface , where they can be washed away. 

A third cleaning technique which may be recommended to 
remove dirt, as well as stains, graffiti or paint, involves the 
use of commerically avai lable chemical cleaners or paint re
movers, which, when applied to masonry, loosen or dissolve 
the dirt or stains. These cleaning agents may be used in com
bination with water or steam, followed by a clear water wash 
to remove the residue of dirt and the chemical cleaners from 
the masonry. A natural bristle brush may also facilitate this 
type of chemically assisted cleaning, particularly in areas of 
heavy dirt deposits or stains, and a wooden scraper can be 



Do not Abrasively Clean these Interiors. Most historic residential and 
some commercial interior spaces contain finished plaster and wooden 
elements such as this stair balustrade and paneling which cOlltribwe 
to the historic and architectural character of the structure. Such interiors 
should not be subjected to abrasive techniques for the purpose of 
removing paint, dirt, discoloration or plaster. 

useful in removing thick encrustations of soot. A limewash 
or absorbent talc, whiting or clay poultice with a solvent can 
be used effectively to draw out salts or stai ns from the surface 
of the selected areas of a building fa<;ade. It is almost im
possible to remove paint from masonry surfaces without caus
ing some damage to the masonry, and it is best to leave the 
surfaces as they are or repaint them if necessary. 

Some physicists are experimenting with the use of pulsed 
laser beams and xenon flash lamps for cleaning historic ma
sonry surfaces. At this time it is a slow, expensive cleaning 
method, but its initial success indicates that it may have an 
increasingly important role in the future. 

There are many chemical paint removers which. when ap
plied to painted wood, soften and dissolve the paint so that 
it can be scraped off by hand . Peeling paint can be removed 
from wood by hand scraping and sandin g. Particularly thick 
layers of paint may be softened with a heat gun or heat plate. 
providing appropriate precautions are taken. and the paint 
film scraped off by hand . Too much heat applied to the same 
spot can burn the wood, and the fumes caused by burning 
paint are dangerous to inhale, and can be explosive. Fur
thermore. the hot air from heat guns can start fires in the 
building cavity. Thus. adequate venti lat ion is important when 
using a heat gun or heat plate. as well as when using a chem
ical stripper. A torch or open flame should never be used . 

Preparations for Cleaning: It cannot be overemph asized that 
all of these cleaning methods must be approached with cau-

tion . When using any of these procedures which involve water 
or other liquid cleaning agents on masonry , it is imperative 
that all openings be tightly covered. and all cracks or joints 
be well pointed in order to avoid the danger of water pen
etrating the building's facade, a circumstance which might 
result in serious moisture related problems such as efflores
cence and/or subflorescence. Any time water is used on ma
sonry as a cleaning agent, either in its pure state or in 
combination with chemical cleaners. it is very important that 
the work be done in warm weather when there is no danger 
of frost for several months . Otherwise water which has pen
etrated the masonry may freeze, eventually causing the sur
face of the building to crack and spall, which may create 
another conservation problem more serious to the health of 
the building than dirt. 

Each kind of masonry has a unique composition and reacts 
differently with various chemical cleaning substances. Water 
and/or chemicals may interact with minerals in stone and 
cause new types of stains to leach out to the surface imme
diately, or more gradually in a delayed reaction. What may 
be a safe and effective cleaner for certain stain on one type 
of stone, may leave unattractive discolorations on another 
stone, or totally dissolve a third type. 

Testing: Cleaning historic building materials. particularly 
masonry , is a technically complex subject. and thus. should 
never be done without expert consultation and testing. No 
cleaning project should be undertaken without first applying 
the intended cleaning agent to a representative test patch 
area in an inconspicuous location on the building surface. 
The test patch or patches should be allowed to weather for 
a period of time , preferably through a complete seasonal 
cycle, in order to determine that the cleaned area will not be 
adversely affected by wet or freezing weather or any by-prod
ucts of the cleaning process. 

Mitigating the Effects of Abrasive Cleaning 

There are certain restoration measures which can be adopted 
to help preserve a historic building exterior which has been 
damaged by abrasive methods. Wood that has been sand
blasted will exhibit a frayed or " fuzzed" surface, or a harder 
wood will have an exaggerated raised grain. The only way to 
remove this rough surface or to smooth the grain is by la
borious sanding. Sandblasted wood, unless it has been ex
tensively sanded, serves as a dustcatcher , will weather faster , 
and will present a continuing and ever worsening maintenance 
problem. Such wood, after sanding. should be painted or 
given a clear surface coating to protect the wood , and allow 
for somewhat easier maintenance. 

There are few successful preservative treatments that may 
be applied to grit-blasted exterior masonry . Harder , denser 
stone may have suffered only a loss of crisp edges or tool 
marks, or other indications of craft technique. If the stone 
has a compact and uniform composition, it should continue 
to weather with little additional deterioration. But some types 
of sandstone, marble and limestone will weather at an ac
celerated rate once their protective "quarry crust" or patina 
has been removed. 

Softer types of masonry , particularly brick and architectural 
terra-cotta, are the most likely to require some remedial treat
ment if they have been abrasively cleaned . Old brick. being 
essentially a soft, baked clay product. is greatly susceptible 
to Increased deterioration when its hard . outer skin is re
moved through abrasive techniques. This problem can be 
minimized by painting the brick. An alternative is to treat it 
with a clear sealer or surface coating but this will give the 
masonry a glossy or shiny look. It is usuafly preferable to 
paint the brick rather than to apply a transparent sealer since 
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Hazards of Sandblasting and Surface Coating. In order to "protect" 
this heavily sandblasted brick, a clear surface coating or sealer was 
applied. Because the air temperature was too cold at the time of ap· 
plication, the sealer failed to dry properly, dripping in places. and 
giving the brick surface a cloudy appearance. 

sealers reduce the transpiration of moisture, allowing salts to 
crystallize as subflorescence that eventually spalls the brick. 
If a brick surface has been so extensively damaged by abrasive 
cleaning and weathering that spalling has already begun. it 
may be necessary to cover the walls with stucco. if it will 
adhere. 

Of course. the application of paint. a clear surface coating 
(sealer). or stucco to deteriorating masonry means that the 
historical appearance will be sacrificed in an attempt to con
serve the historic building materials. However, the original 
color and texture will have been changed already by the ab
rasive treatment . At this point it is more important to try to 
preserve the brick. and there is little choice but to protect it 
from "dusting" or spalling too rapidly. As a last resort. in 
the case of severely spalling brick. there may be no option 
but to replace the brick-a difficult. expensive (particularly 
if custom-made reproduction brick is used) , and lengthy proc
ess. As described earlier. sandblasted interior brick work. 
while not subject to change of weather. may require the ap
plication of a transparent surface coating or painting as a 
maintenance procedure to contain loose mortar and brick 
dust. (See Preservation Briefs: No. 1 for a more thorough 
discussion of coatings.) 

Metals, other than cast or wrought iron, that have been 
pitted and dented by harsh abrasive blasting usually cannot 
be smoothed out. Although fillers may be satisfactory for 
smoothing a painted surface, exposed metal that has been 
damaged usually will have to be replaced . 
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Summary 

Sandblasting or other abrasive methods of cleaning or paint 
removal are by their nature destructive to historic building 
materials and should not be used on historic buildings except 
in a few well-monitored instances. There are exceptions when 
certain types of abrasive cleaning may be permissible. but 
only if conducted by a trained conservator, and if cleaning 
is necessary for the preservation of the historic structure. 

There is no one formula that will be suitable for cleaning 
a ll historic building surfaces. Although there are many com
merical cleaning products and methods available. it is im
possible to state definitively which of these will be the most 
effective without causing harm to the building fabric . It is 
often difficult to identify ingredients or their proportions con
tained in cleaning products; consequently it is hard to predict 
how a product will react to the building materials to be 
cleaned. Similar uncertanities affect the outcome of other 
cleaning methods as they are applied to historic building 
materials. Further advances in understanding the complex 
nature of the many variables of the cleaning techniques may 
someday provide a better and simpler solution to the prob
lems. But until that time. the process of cleaning historic 
buildings must be approached with caution through trial and 
error. 

It is important to remember that historic building materials 
are neither indestructible. nor are they renewable. They must 
be treated in a responsible manner . which may mean little 
or no cleaning at all if they are to be preserved for future 
generations to enjoy. If it is in the best interest of the building 
to clean it , then it should be done "using the gentlest means 
possible." 

Weiss. Norman R. "Cleani ng of Building Exteriors: Problems anu 
Procedures of Dirt Removal." Technolo?.\' and COllSen'atioll. 
2176 (Fall 1976). pp. 8- 13. 
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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 or
namental 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 (see figure 1). Evaluating the significance of 
these windows and planning for their repair or replace
ment can be a complex process involving both objective 
and subjective considerations . The Secretary of the In
terior's Standards for Rehabilitation, and the accompany
ing 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. 

Figure 1. Windows are frequently important visual focal points, especial
lyon simple facades such as this mill building. Replacement of the multi
pane windows here with larger panes could dramatically change the ap
pearance of the building. The areas of missing windows convey the im
pression of such a change. Photo: John T. Lowe 

Much of the technical section presents repair techniques as 
an instructional guide for the do-it-yourselfer. The infor
mation will be useful, however, for the architect, contrac
tor, 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 treat
ments, and a general understanding of the function and 
history of windows is vital to making a proper evalua
tion. 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 in
terior, 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. 

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 eigh
teenth century single- and double-hung windows were in
troduced. 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 deter
mination of significance should be made within the con
text of the whole building, wherein the windows are one 
architectural element (see figure 2). 

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 ex
ceptional craftsmanship or design. Once this evaluation 
of significance has been completed, it is possible to pro-
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Figure 2. These drawings of window details identify major components, terminology, and installation details for a wooden double-hung window. 

ceed 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 win
dow 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) window location, 2) condition of the paint, 
3) condition of the frame and sill, 4) condition of the sash 
(rails, stiles and muntins), 5) glazing problems, 6) hard
ware, and 7) the overall condition of the window (ex
cellent, 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 con
tributing 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, especial
ly 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 Cl-llows 
water to drain off. In addition, it may be advisable to cut 
a dripline along the underside of the sill. This almost in
visible treatment will insure proper water run-off, particu-
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larly if the bottom of the sill is flat. Any conditions, in
cluding 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 win
dow. 

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 ex
cessive 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 unsight
ly 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. 

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 be
tween the sill and jamb, corners of the bottom rails and 
muntin joints are typical points where water collects and 
deterioration begins (see figure 3). 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 readi
ly absorbed into the end-grain of the wood. If severe 
deterioration exists in these areas, it will usually be ap
parent on visual inspection, but other less severely deteri
orated 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 sec-



Figure 3. Deterioration of poorly maintained windows usually begins on 
horizontal surfaces and at joints where water can collect and saturate the 
wood. The problem areas are clearly indicated by paint failure due to 
moisture. Photo: Baird M. Smith, AlA 

tion of the wood. Sound wood will separate in long 
fibrous splinters, but decayed wood will lift up in short ir
regular 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 visi
ble 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 ac
tions necessary to return a window to "like new" condi
tion will fall into three broad categories: 1) routine main
tenance 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 main
tenance items and should be provided in a regular main
tenance 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 pro
cess. Many commercially available fungicides and wood 
preservatives are toxic, so it is extremely important to 
follow the manufacturer's recommendations for applica
tion, 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 do-it-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 other
wise 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. Regard
less 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 iden
tify the level of skill needed by the labor force. 

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 reglaz
ing where necessary) , 3) repairs to the frame, 4) weather
stripping and reinstallation of the sash, and 5) repainting. 
These operations are illustrated for a typical double-hung 
wooden window (see figures 4a-f) , 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 prop
er 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 . Several 
techniques such as scraping, chemical stripping, and the 
use of a hot air gun are discussed in "Preservation Briefs: 
10 Paint Removal from Historic Woodwork" (see Addi
tional Reading section at end) . 

Paint removal should begin on the interior frames , be
ing 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 run
ning 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 (see figure 4b) . With the stop removed, 
the lower or interior sash may be withdrawn . The sash 
cords should be detached from the sides of the 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 in
terior stop. The upper sash can be removed in the same 
manner as the lower one and both sash taken to a conve
nient 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 (see figure 
4c), the glass should be removed or protected from the 
sudden temperature change which can cause breakage . An 
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Figure 4a. The following series of photographs of 
the repair of a historic double-hung window use a 
unit which is structurally sound but has many 
layers of paint, some cracked and missing putty, 
slight separation at the joints, broken sash cords, 
and one cracked pane. Photo: John H. Myers 

Figure 4d. Reglazing or replacement of the putty 
requires that the existing putty be removed 
manually, the glazing points be extracted, the 
glass removed, and the back putty scraped out. To 
reglaze, a bed of putty is laid around the perimeter 
of the rabbet, the pane is pressed into place, 
glazing points are inserted to hold the pane 
(shown), and a final seal of putty is beveled 
around the edge of the glass. Photo: John H. 
Myers 
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Figure 4b. 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. To avoid visible 
scarring of the wood, the sash can be raised and 
the stop pried loose initially from the outer side. 
Photo: John H. Myers 

Figure 4e. A common repair is the replacement of 
broken sash cords with new cords (shown) or with 
chains. The weight pocket is often accessible 
through a removable plate in the jamb, or by 
removing the interior trim. Photo: John H. Myers 

Figure 4c. Sash can be removed and repaired in a 
convenient work area. Paint is being removed from 
this sash with a hot air gun while an asbestos 
sheet protects the glass from sudden temperature 
change. Photo: John H. Myers 

( ( 1 
Figure 4£. Following the relatively simple repairs, 
the window is weathertight, like new in 
appearance, and serviceable for many years to 
come. Both the historic material and the detailing 
and craftsmanship of this original window have 
been preserved. Photo: John H. Myers 



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 open
ings. 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 glaz
ing points are pushed into the wood around the perim
eter of the pane (see figure 4d) . The final glazing com
pound 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 weathertight 
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 (see figure 
4e). 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 (see figure 4f) . The techniques can be 
applied by an unskilled person with minimal training and 
experience. To demonstrate the practicality of this ap
proach, and photograph it, a Technical Preservation Ser
vices staff member repaired a wooden double-hung, two 
over two window which had been in service over ninety 
years. The wood was structurally sound but the window 
had one broken pane, many layers of paint , broken sash 
cords and inadequate, worn-out weatherstripping. The 
staff member found that the frame could be stripped of 
paint and the sash removed quite easily . Paint , putty and 
glass removal required about one hour for each sash, and 
the reglazing of both sash was accomplished in about one 
hour. Weatherstripping of the sash and frame , replace
ment of the sash cords and reinstallation of the sash, part
ing bead, and stop required an hour and a half. These 
times refer only to individual operations; the entire proc-

ess took several days due to the drying and curing times 
for putty, primer, and paint, however, work on other win
dow 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 deteriora
tion, especially in the vulnerable areas mentioned earlier, 
but even badly damaged windows can be repaired using 
simple processes. Partially decayed wood can be water
proofed, 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) water
proof 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. Caulk
ing 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 home
made 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. 

Wood may also be strengthened and stabilized by con
solidation, using semi-rigid epoxies which saturate the 
porous decayed wood and then harden. The surface of the 
consolidated wood can then be filled with a semi-rigid 
epoxy patching compound, sanded and painted (see figure 
5). Epoxy patching compounds can be used to build up 

Figure 5. This illustrates a two-part epoxy 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: John H. Myers 
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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 sec
tion of the profile which has been rubbed with butcher's 
wax. This can be a very efficient technique where there 
are many typical repairs to be done. Technical Preserva
tion Services has published Epoxies for Wood Repairs 
in Historic Buildings (see Additional Reading section at 
end), which discusses the theory and techniques of epoxy 
repairs. The process has been widely used and proven in 
marine applications; and proprietary products are avail
able 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. 

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 ad
vanced 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 in
to existing members. The techniques require more skill 
and are more expensive than any of the previously dis
cussed 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 wood
working 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 concen
trate 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 
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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 tech
niques, and 3) if removal is necessary, thoroughly in
vestigate the structural detailing and seek appropriate pro
fessional consultation. 

Another alternative may be considered if parts replace
ment 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 pur
chase new sash which can be installed into the existing 
frames . Such sash are available as exact custom reproduc
tions, 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 build-
ing suppliers may provide a source of appropriate replace
ment 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 win
dows such as a commercial building or an industrial com
plex, there may be less of a problem arriving at a solu
tion . 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 ef
ficient as possible by the use of appropriate weather
stripping 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 con
temporary weatherstripping should be considered an in
tegral 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 accu
rate, they will usually be viewed as an acceptable contem
porary 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 con
densation problems must be addressed. Moisture which 
becomes trapped between the layers of glazing can con
dense on the colder, outer prime window, potentially 
leading to deterioration. The correct approach to using in
terior 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 win
dow may clearly indicate replacement. The decision proc
ess 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 ap
pearance 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 pro
files; 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 under
standing of how the window reflects the period, style, or 
regional characteristics of the building, or represents tech
nological development. 

Armed with an awareness of the significance of the ex
isting 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 win
dows. Continue looking until an acceptable replacement 
can be found. Check building supply firms, local wood
working mills, carpenters, preservation oriented maga
zines, or catalogs or sUl'pliers 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 success
fully 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 win
dow added should thermally outperform a new double
glazed metal window which does not have thermal 
breaks (insulation between the inner and outer frames in
tended 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. Accord
ing to ASHRAf 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 re
placed 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 ele
ment of a building's significance will have been preserved 
for the future. 
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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 pro
vided 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 configu
ration meant that plaster was the wall surface chosen 
for nearly all buildings until the 1930s or 40s (Fig. 1). 

Historic plaster may first appear so fraught with prob
lems 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 

Fig. 1. Left: Schifferstadt, Frederick, Maryland, 1756. Right: First Christian Church, Eugene, Oregon, 1911. Although these two structures are 
separated in history /Jy over 150 years and differences in size, ethnic origin, geography, construction techniques, and architectural character, their 
builders both used plaster as the interior surface coating for flat and curved walls. Photo left: Kay Weeks. Photo right: Kaye Ellen Simonson. 
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and durability. It resists fire and reduces sound trans
mission. Next, replacing plaster is expensive. A build
ing 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 preser
vationists, 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. Plas
ter 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 inte
rior and should be left in place and repaired if at all 
possible (Fig. 2). 

Fig. 2. A hole in the wall of a 1760s Custom House in Chestertown, 
Maryland illustrates the evolution of the room. (a) The original 
plaster was applied directly to an exterior masonry wall and the 
chairrail (missing here, see arrow) was in place before the wet pIas
ter was applied to the wall. Sometime later when the interior was 
modified, the masonry was furred out. Machine-sawn wood lath (b) 
was nailed to the furring strips and (c) new three-coat plaster was 
applied. Photo: Maryland Historical Trust. 

The approaches described in this Brief stress repairs 
using wet plaster, and traditional materials and tech
niques 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 writ
ten about extensively in other contexts. Finally, this 
Brief describes a replacement option when historic 
plaster cannot be repaired. Thus, a veneer plaster sys
tem 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 tradi
tional hand-troweled or textured finish coats. This sys
tem 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, requir
ing years of training and special tools (Fig. 3). While 
minor repairs can be undertaken by building owners, 
most repairs will require the assistance of a plasterer. 
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Fig. 3. Many of these traditional plastering tools are still used 
today: (a) screen to separate coarse sand from fine sand; (b) lime 
screen to remove unslaked particles of lime; (c) hoe; (d) shovel; (e) 
hawk to hold small amounts of plaster; (f) angle float to apply fin
ishes to inside angles; (g), (h), (i) assorted trowels to apply base
coats and finish coat; (j) padded float to level off humps and fill in 
hollows caused by other tools; (k) a two-handled float or "darby" to 
float larger surfaces; (I) a simple straight edge; (m) a square to test 
the trueness of angles; (n) plumb to check verticality of plastered 
surfaces; (0), (p), (q), (r) jointing and mitering tools to pick out 
angles in decorative moldings; (s) comb made of sharpened lath 
pieces to scratch the basecoat of plaster; (t) brush to dampen plaster 
surfaces while they are worked smooth; (u) template made of wood 
and metal to cut a required outline for a fancy mold. 



Historical Background 
Plasterers in North America have relied on two materi
als to create their handiwork-lime and gypsum. Until 
the end of the 19th century, plasterers used lime plas
ter. Lime plaster was made from four ingredients: lime, 
aggregate, fiber, and water. The lime came from 
ground-and-heated limestone or oyster shells; the ag
gregate 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 com
bination for the base and finish coats during the early 
part of the 20th century; gypsum was eventually fa
vored because it set more rapidly and, initially, had a 
harder finish. 

Not only did the basic plastering material change, but 
the method of application changed also. In early Amer
ica, the windows, doors, and all other trim were in
stalled before the plaster was applied to the wall (Fig. 
4). Generally the woodwork was prime-painted before 
plastering. Obtaining a plumb, level wall, while work
ing against built-up mouldings, must have been diffi
cult. 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 (Fig. 5). Evidence of plaster be
hind trim is often an aid to dating historic houses, or to 
discerning their physical evolution. 

Fig. 4. The builders of this mid-18th century house installed the 
baseboard moulding first, then applied a mud and horse hair plaster 
(called paling) to the masonry wall . Lime was used for the finish 
plaster. Also shown are the hacking marks which prepared the wall 
for a subsequent layer of plaster. Photo: Kay Weeks. 

Fig. 5 (a). The photo above shows the use of wooden plaster 
"grounds" nailed to the wall studs of the mid-19th century Lock
wood House in Harpers Ferry, West Virginia. This allowed the 
plasterer to work flush with the surface of the grounds. Afterwards, 
the carpenter could nail the finish woodwork to the ground, effec
tively hiding the joint between the plaster and the ground. The trim 
was painted after its installation, leaving a paint outline on the 
plaster. Fig. 5 (b). The photo below shows door trim and mouldings 
in place after the plastering was complete. Photos: Kaye Ellen 
Simonson. 

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 re
sulted 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 aggre
gate, 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. 
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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 
stuf£;' was often added to the finish plaster to acceler
ate the setting time. 

Although lime plaster was used in this country until 
the early 1900s, it had certain disadvantages. A plas
tered wall could take more than a year to dry; this de
layed 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. 

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, gyp
sum 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 mois
ture or water wicking 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. 

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; how
ever, if historic finishes and textures are being repli
cated, sand should be used as the base-coat aggregate . 
Today, if fiber is required in a base coat, a special gyp
sum is available which includes wood fibers. Lime 
putty, mixed with about 35 percent gypsum (gauging 
plaster) to help it harden, is still used as the finish coat. 

Lath 

Lath provi8.ed 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 non-structural spaced 
strips known as furring strips . Three types of lath can 
be found on historic buildings (Fig. 6). 

Wood Lath. Wood lath is usually made up of narrow, 
thin strips of wood with spaces in between. The plas
terer 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 . 
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Fig. 6. Top to bottom: Hand-riven lath, machine-sawn wood lath, 
expanded metal (diamond mesh) lath, and perforated gypsum board 
lath. Profile views of their keying characteristics are shown to the 
right. For plaster repairs or replastering, galvanized metal lath is 
the most reliable in terms of longevity, stability, and proper keying. 
Drawing: Kaye Ellen Simonson. 



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 rehl.tively rigid material 
which should last almost indefinitely. However, there 
are conditions that cause plaster to crack, effloresce, 
separate, or become detached from its lath framework 
(Fig. 7). 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 any
where in the wall, with seemingly random starting 
points. 

'\ 

Fig. 7 (a) to (d). A series of photographs taken in different rooms of an early 20th century house in West Virginia reveal a variety of plaster wall 
surface problems, most of which can easily be remedied through sensitive repair: Hairline cracks (a) in an otherwise sound wall can be filled with joint 
compound or patching plaster. The wall can also be canvassed or wallpapered. Stress cracks (b) in plaster over a kitchen door frame can be repaired 
using fiberglass mesh tape and joint compound. Settlement cracks (c) in a bedroom can be similarly repaired. The dark crack at the ;uncture between 
walls, however, may be a structural crack and should be investigated for its underlyinR cause. Moisture damaRe (d) from leakinR plumbin!{ 
on the second floor has damaged both wallpaper and plaster in the dining room. After fixing the leaking pipes, the wall covering and rotted plaster 
will need to be replaced and any holes repaired. Photos: Kay Weeks. 
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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 struc
tural 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 qual
ity 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. 

SettlementNibration. Cracks in walls can also result 
when houses settle. Houses built on clay soils are espe
cially vulnerable. Many types of clay (such as mont
morillonite) are highly expansive. 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 weak
ness 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 plas
terer may have skimped on the amount of cementing 
material (lime or gypsum) because sand was the 
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cheaper material. Oversanding can cause the plaster to 
weaken or crumble (Fig. 8). Plaster made from a poorly 
proportioned mix may be more difficult to repair. 

Fig. 8. Too much aggregate (sand) and not enough cementing mate
rial (lime or gypsum) in the base coat has made this plaster surface 
weak and crumbly. Besides losing its key with the lath, the layers 
are disintegrating. It will most likely need to be totally removed and 
replaced with all new plaster. Photo: M"rylt't' MllcOo/wld . 

Incompatible basecoats 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 re-done. 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, irregu
lar cracks that occur when the finish coat has been 
applied to an oversanded base coat or a very thin base 
coat. 

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 gyp
sum plaster will not set within a normal 20 to 30 min
ute 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 suc
cessive days to make up the required wall thickness. 
Using rock lath allowed the plasterer to apply one base 
coat and the finish coat-a ~wo-coat job. 

If a plasterer skimped on materials, the wall may not 
have sufficient plaster thickness to withstand the nor
mal stresses withb 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 mini
mum 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 tem
perature for plaster to cure is between 55-70 degrees 
Fahrenheit. However, historic houses were sometimes 
plastered before window sashes were put in. There 
was no way to control temperature and humidity. 

Dryouts, freezing, and sweat~outs. When temperatures 
were too hot, the plaster would return to its original con
dition before it was mixed with water, that is, calcined 
gypsum. A plasterer would have to spray the wall with 
alum water to re-set the plaster. If freezing occurred be
fore the plaster had set, the job would simply have to be 
re-done. If the windows were shut so that air could not 
circulate, the plaster was subject to sweat-out 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, pour
ing 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 splash-back. 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 mois
ture 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 prob
lem 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 demoli
tion. However, it may be necessary to remove deterio
rated 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, cos
metically unattractive plaster walls can be "wallpa
pered" with strips of a canvas or fabric-like material. 
Historically, canvassing covered imperfections in the 
plaster and provided a stable base for decorative paint
ing 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 (see Patching Materials, page 
13). For cracks that re-open 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 move
ment, 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., basecoats and 
finish coat) . If a crack seems to be expanding, a struc
tural engineer should be consulted. 
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Replacing Delaminated Areas of the Finish Coat 

Sometimes the finish coat of plaster comes loose from 
the base coat (Fig. 9). 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. 

Fig. 9. The smooth-troweled lime finish coat has delaminated from 
the brown coat underneath . This is another repair that can be un
dertaken without further loss of the historic plaster. Photo: Marylee 
MacDonald. 
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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 basecoat 
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 gener
ally 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 
(Fig. 10). 

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. 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 (Fig. 11). 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 pro
duce a strong, invisible patch (Fig. 12). Also, if a patch 
is made in a plaster wall that is slightly wavy, the con
tour 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 . 

'; 

Fig. 10 (a) and (b). In this New Hampshire residence dating from the 1790s, the original plaster was a single coat of lime, sand, and horsehair ap
plied over split lath. A one-coat repair, in this case, is appropriate. To the left: a fiat sheet of galvanized expanded metal lath is placed over the patch 
area and an outline marked with a large soft lumber crayon. The metal lath is then cut to fit the hole and nailed to the lath . To the right: the edges of 
the original plaster and wood lath beneath have been thoroughly soaked with water. A steel trowel is used to apply the plaster in large, rough strokes. 
Finally, it will be scraped and smoothed off. Because only one coat of plaster is used, without a finish coat, a clean butt-joint is made with the original 
plaster. Photos: John Leeke. 
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Fig. 11. Repairs are being made to the historic plaster in an early 
20th century residence in Tennessee. A fairly sizeable hole in three
coat plaster extends to the wood lath. Expanded metal lath has been 
cut to fit the hole, then attached to the wood lath with a tie-wire. 
Two ready-mix gypsum base coats are in the process of being ap
plied. After they set, the finish coat will be smooth-troweled gauged 
lime to match the existing wall. Photo: Walter Jowers. 

The patch is stepped 
so that each new coat 
of plaster laps over 
the others 

2 x 4 studs 
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Fig. 12. This explains how a hole in historic plaster is repaired over 
the existing wood lath. First, metal lath ;s secured over the wood 
lath with a tie wire, then the new plaster is applied in three layers, 
"stepped" so that each new coat overlaps the old plaster to create a 
good adhesive bond. Drawing: Kaye Ellen Simonson. 

Patching Holes in Ceilings 

Hairline cracks and holes may be unsightly, but when 
portions of the ceiling come loose, a more serious prob
lem exists (Fig. 13). 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 sur
rounding the loose area are in reasonably good condi
tion, the loose plaster can be reattached to the lath 
using flat-head wood screws and plaster washers 
(Fig. 14). 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. 

Fig. 13. 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. This is attributable, in part, to deterio
ration of the wood lath. Photo: Kaye Ellen Simonson. 

,... _ ~ ~J 

-~ . 

• • 
Fig. 14. In a late 18th century house in Massachusetts, fiat-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, both the taped crack and the plaster washers will be 
skim-coated with a patching material. Photo: John Obed Curtis. 
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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 be
hind, 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 (Fig. 15). 

Fig. 15. When ceiling repairs are made with wet plaster or with an 
injected adhesive mixture, the old loose plaster must be supported 
with a plywood brace until re-keying is complete. Photo: John Leeke. 
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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 rep laster 
over it. This repair technique can be used if lowering 
the ceiling slightly does not affect other ornamental 
features. The existing ceiling is covered with lx3-inch 
wood furring strips, one to each joist, and fastened 
completely through the old lath and plaster using a 
screw gun. Expanded metal lath or gypsum board lath 
is nailed 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 un
dertaking 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. Asbes
tos, 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 exist
ing 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 "re
veal" is the projection of the wood trim from the sur
face 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 re-nailed 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; further
more, 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 his
to!ic lath can be retained (Fig. 16). The ceiling should 
still be sprayed unless a vapor barrier is placed behind 
the metal lath. 

Replastering over new metal lath. An alternative to re
using the old w.ood lath is to i~stall a different lathing 
system. Galvamzed metal lath IS the most expensive, 
~)Ut also the most reliable in terms of longevity, stabil
Ity, and proper keying. When lathing over open joists, 
the plasterer should cover the joists with kraft paper or 
a polyet~ylene vapo~ barrier. Three coats of wet plaster 
are apphed 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 ~nd bu~ds the thickness; the third, or finish coat, 
consIsts of hme putty and gauging plaster. 

Replastering over new rock lath. It is also possible to 
use rock lath ~s ~ plaster base. Plasterers may need to 
remove the eXIstmg wood lath to maintain the wood
work's reveal . Rock lath is a 16x36-inch, 1/2-inch thick, 
gypsum-core pa~el covered with absorbent paper with 
gypsum crystals m 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 

The key to a successful paint job is proper drying of 
the plaster. Historically, lime plasters were allowed to 
cure for at l~ast a year before the walls were painted or 
papered .. WIth modern ventilation, plaster cures in a 
s.hort~r ~Ime; however, fresh gypsum plaster with a 
h~e f~Ish c<;>at should still be perfectly dry before 
pamt IS apphed-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 sys~ems provides the highest quality plaster job. 
H?wever, m some cases, budget and time consider
ations may lead the owner to consider a less expensive 
replacement alternative. Designed to reduce the cost of 
materi~s, a more recent lath and plaster system is less 
e~pensive than a tw~-or-three coat plaster job, but only 
shghtly more expensIve than drywall. This plaster sys
tem is called veneer plaster. 

Fig . 16. In the rest?ration of a ca. 1830s house in Maine, split-board lath has been covered with expanded metal lath in re aration for new 
cNoatt~ oflPplastkerS' Th~s mfi~lthod permits the early lath to be saved while the metal lath, with its superior keying serves as !i/fiorcement Photo' 

a IOna ar ervlce es. ,. . 
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T.he system uses gypsum-core panels that are the same 
SIZe as drywall (4x8 feet), and specially made for ve
neer plaster. They can be installed over furring chan
nels to masonry walls or over old wood lath walls and 
ceilings . Known most commonly as "blueboard;' the 
p~nels are covered with a special paper compatible 
WIth veneer plaster. Joints between the 4-foot wide 
~heets are taped with fiberglass mesh, which is bedded 
m th~ veneer plaster. After the tape is bedded, a thin, 
1/16-mch coat of high-strength veneer plaster is applied 
to the entire wall surface. A second veneer layer can be 
used as th~ "finish" coat, or the veneer plaster can be 
covered WIth a gauged lime finish-co at-the same coat 
that covers ordinary plaster (Fig. 17). 

Fig. 1Z This contemporary plasterer is mixing a lime finish coat in 
mu~h the same way as America's earlier artisans. The ring consists 
of .lzme p~tty; the white powder inside is gauging plaster. After the 
mIxture IS blended, a steel trowel will be used to apply it. It should 
be noted that a traditional lime finish coat can be applied over a 
veneer plaster base coat to approximate the look of historic plaster 
walls and ceilings. Photo: Marylee MacDonald. 

Although extremely thin, a two-coat veneer plaster 
system has a 1,500 psi rating and is thus able to with
stand. struct~ral J?ovements in a building or surface 
abraslO.n .. WIth eIther a veneer finish or a gauged lime
putty fImsh 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 t~in prof~e of the veneer system has an added 
be~e~It, espeCIally: for owners of uninsulated masonry 
buildmgs. 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 
furr out the window and door jambs. The insulation 
plus the veneer system will result in the same thick
n~ss as the original plaster. Occupants in the rooms 
will be more comfortable because they will not be los
ing heat to cold wall surfaces. 

Summary 

The National Park Service recommends retaining his
toric p~?ster. ~,at all poss.ibl~. Plaster is a significant part 
o~ the ~abnc of the b~ildmg. Much of the building's 
hIStOry IS d~cumented m the layers of paint and paper 
f?und ~o~enng old plaster. For buildings with decora
tive pamtm~, 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 
rep~ed ?r co~ser:'ed using one of the approaches 
outhned m thIS Bnef, documentation of the layers of 
wallpaper and paint should be undertaken before re
moving the historic plaster. This information may be 
needed to complete a restoration plan. 
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ftl&il1IIIII ....... 
PSllteu!1s =~ use ready-mix base-coat plaster for 
~ . y where large holes need to be filled. 
'n1e reaay-mix plaSter contains gypsum and aggregate =per proportions. The plasterer only needs to-add 

~0th4!!r mix plasterers use to patch cracks or small 
for finish-coat repair, is a "high gauge" lime 
peJrterlltWlJlei 50 pen:ent gauging plaster). 

,~=;-:: will a white, sJIiOOth patch. It is 
t suitable surface repairs. 

AJthough property owners cannot duplicate the years 
aI accumulateQ knowledge and craft sldlls of a pfofes
aiDnal plasterer, there are materials that can be used for 

-yourself repairs. For example, fine cracks can be 
with an arr-p~se drf.!vaIl joint compound. For 
~ larger crilckS using fi~ass tape, a home
awner can use a "quick-~" Joint compound. This 
can~und has a fast ~ time-60, 90, or 120 min
utes. Quick-setting joint compound dries because of a 
chemical reaction, not because of water evap()ration. It 
shrinks less than all-purpose joint com~und and has 
much the same worICabillty as ready-mIX base-coat 

plaster. However, because quick-set joint comROunds 
are hard to sand, they shoUld only be used to bed tape 
or to fill large holes. A1l-p~se Joint compound 
should be used as the fuial 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 quanti
ties, but ba~ed ready-mix should be protected from 
ambient moisture. A "mill-mixed pre-gauged" lime 
finish coat plaster can also be used by nomeowners. A 
base coat utilizing perlite or other lightweistht aggre
gates should only De used for makiIig small repatrs 
(less than 4 ft. patches). For large-scare repairs and 
entire room re-plastering, see tile precautions in Table 1 
for using perlite. 

Homeowners may see a material sold as "patching 
plaster" or "plaster of Paris" in hardware stores. This 
~ 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 alkaline-resistant primer. 

TABLE 1 
REPLASTERING 

Selected Plaster Bases/Compatible Basecoats and Finish Coats 

Traditional Plaster Bases Compatible Basecoats Compatible Finish Coats 

OLD WOOD LATH gypsum/sand plaster lime putty/gauging plaster 
gypsum/perlite plaster 2 lime putty/gauging plaster 

METAL LATH 
~rsum/sand flaster 
hIgh strength 

lime putty/gauging plaster 

gypsum/perlite plaster 2 lime putty/gauging plaster 

GYPSUM (ROCK) LATH PANELS gypsum/sand plaster lime putty/gauging plaster 
gypsum/perlite plaster 2 lime putty/gauging plaster 

UNG LAZED BRICK/CLAY TILE 
gypsum/perlite plaster 2 lime putty/gauging plaster 
(masonry type) 

Modern Plaster Base Compatible Basecoat Compatible Finish Coat 

GYPSUM CORE VENEER PANELS veneer plaster veneer plaster 
(BLUE BOARD) or 

lime putty/gauging plaster 

I On traditional bases (wood, metal, and rock lath), the thickness of base coat plaster is one of the most important elements of a good plaster job~ Grounds should be set t~ obtain the following minimum 
plaster thicknesses: (1) Over rock lath-1 /2" (2) Over brick, clay tile, or other masonry-SIS" (3) Over metal lath, measured from face of lat~-S/S (4) Over wood lath-7/S . In no case should the t~talh 

laster thickness be less than 1/2". The allowance for the finish coat is approximately 1116" which requires the base coat to be 7/16" for 1/2 ~roun~s. ThlS ~ a trll1l1mum.base coat thlcknes~ on rOCk, at . 
h,e standard for other masonry units and metal lath is 5/8" thick, including the finish. Certain types of construction or fire ratings may req.urre an mcrease m pla~ter thlcknes~ (and/or an mcrease ~ the 

psum to aggregate ration) but never a thinner application of plaster than recommended above. Job experience indicates that thin applicahons ~f plaster often evl?en.ce cracking where normal apphca
~~ns to standard grounds do not. This condition is a direct result of the inability of thin section areas to resist external forces as adequately as thicker, normal applicahons of plaster. 

2 Perlite is a lightweight aggregate often used in gypsum plaster in place of sand . It performs well in cold weather and has a slightly better insulating value. than sand . In a constr~ction with m~t~ lath, . 
rlite aggregate is not recom.mended in the basecoat except under a sand or "float" finish . ~hen gypsum/ p:rlit~ basecoats ~.~ used over .any other base (I.e. , w~, rock lat~,' br~c~J ~n~ the ftmsh coat IS 

rae be a "white" finish coat (smooth-troweled gauged lime putty) it is necessary to add fine silica sand or perlIte flOes to the finish coat. This measure prevents cracking of the white finish coat due to 
differential shrinkage. 
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Plaster Terms 

Scratch coat. The first base coat put on wood or metal lath. 
The wet plaster is "scratched" with a scarifier or comb t? 
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 comers. Installing the comer bead plumb is 
important. 

Cornerite. Wire mesh used on inside comers of adjoining 
walls and ceilings. It keeps com ers 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), one-and-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 mouldings in ornamental plasterwork. 

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. 

Reading List 

Ashurst, John and Ashurst, Nicola. Practical Building Conservation, 
English Heritage Technical Handbook, Volume 3. Mortars, Plasters and 
Renders. New York: Halsted Press, 1988. 

Gypsum Construction Handbook. Chicago: United States Gypsum 
Company, 1986. 

Hodgson, Frederick Thomas. Plaster and Plastering: Mortars and 
Cements, How to Make and How to Use. New York : The Industrial 
Publication Company, 1901. 

Jowers, Walter. "Plaster Patching, Part II." Restoration Primer. New 
England Builder, November, 1987, pp. 41-43. 

Leeke, John. "Problems with Plaster, Part One. " Landmarks Observer, 
Vol. 12. March/April, 1985., pp. 10, 14. Also "Problems with Plaster, 
Part Two." Vol. 12., May/June, 1985, p. 12. 

_____ . "Saving Irreplaceable Plaster." Old House Journal. Vol. 
XV, No.6, November/December, 1987, pp. 51- 55. 

McKee, Harley J., FAIA. Introduction to Early American Masonry-Stone, 
Brick, Mortar, and Plaster. New York: National Trust for Historic 
Preservation and Columbia University, 1973. 

Phillips, Morgan . "Adhesives for the Reattachment of Loose Plaster;' 
A.P. T. Bulletin, Vol. XII, No.2, 1980, pp. 37-63. 

Poore, Patricia . "The Basics of Plaster Repair." Old House Journal, Vol. 
16, No. 2, March/April, 1988, pp. 29-35 . 

Shivers, Natalie. Walls and Molding: How to Care for Old and Historic 
Wood and Plaster. Washington, D.C.: National Trust for Historic 
Preservation, 1989. 

Stagg, W. D. and B. Pegg. Plastering: A Craftsman's Encyclopedia. 
Woodstock, New York: Beekman Publishers, 1976. 

Van den Branden, F. and Thomas L. Hartsell. Plastering Skills. 
Homewood, Illinois : American Technical Publishers, Inc., 1984. 

Weaver, Martin. "Nuts and Bolts: Properly Plastered." Canadian 
Heritage. Aug./Sept., 1981, pp. 34-36. Also "Nuts and Bolts: Fixing 
Plaster." Oct., 1981, pp. 33-35. 

Acknow ledgements 

Preservation Brief 21 was based on an article in Old House Restoration on 
repairing historic plaster published by the University of Illinois at Urbana
Champaign, 1984. Kay D. Weeks, Preservation Assistance Division, Te~hnical 
Preservation Services Branch, expanded the article and made substantial 
contributions to its development as a Brief. Special thanks go to the technical 
experts in the field who reviewed and comment upon the draft ma.nu~~ript : 
Andrew Ladygo (Society for the Preservation of New England AntiqUIties), 
David Flaharty, Gilbert Wolf (National Plastering Industries), Michael 
Kempster, and Walter Jowers. Insightful comments were offered by the 
Technical Preservation Services Branch which is directed by H . Ward Jand!. 
Finally, staff member Karen Kummer, Small Homes Council-Building Research 
Council, University of Illinois, provided invaluable production assistance. 

The publicalion has been prepared pursuant to the National Historic Preservation Act of 1966, as 
amended. Preservation Briefs 2J was droeloped under the technirnl editorship of Lee H. Nelson, FAIA , 
Chief, Preservation Assistance Division, National Park Sennet, Department of the Interior, P.D. Box 
37127, Washingtoll, D.C. 20013-7127. Comments on the usefulness of this illfonllation are welcomed 
and may be sent to Mr. Nelson at the above address . This publication is not copyrighted and can be 
reproduced without penalty. Nonnal procedures for credit to the author and the National Park Service 
are appreciated. October, 1989 

For sale by the U.S. Government Printing Office 
Superintendent of DocumenIB, Mail Stop: SSOP, Washington, DC 20402-9828 

14 





28 PRESERVATION 
BRIEFS 

Painting Historic Interiors 

Sara B. Chase 

U.S. Department of the Interior 
National Park Service 
Cultural Resources 

Preservation Assistance 

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 (see Figures 1, 2). 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 br 
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 common 
causes and effects of interior paint failure, and explains the 
principal factors guiding decisions about repainting, 
including what level of paint investigation 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 custom-made 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 informa tion on 
removal, disposal, and 
health and safety 
precautions. 

Constituents of 
Historic Paint: 
Pigment, Binder, 
and Vehicle 

Figure 1. Researching the interior paint history is the key to a successful preservation or restoration project. The 
decorative detailing can be appreciated in this Puerto Rico theater primarily because of appropriate paint color and 
paint placement. Photo: Max Toro. 

Paint is a dispersion of small 
solid particles, usually 
crystalline, in a liquid 
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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 ultra-violet 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 
(Ti02), 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 (see Figure 3). 

Figure 2. Paints-pLain and 
coLored-have been used 
throughout our history to define 
and accent interior spaces. Three 
examples serve to illustrate a 
variety of geographical and 
cultural influences, building types 
and uses, and interior designs from 
the 18th to the 20th century. (a) 
San Jose de Gracia Church, Las 
Trampas, New Mexico (1760). 
Photo: Kirk Gittings. (b) Frank 
Lloyd Wright Home and Studio, 
Oak Park, llinois (1889-98). 
Photo: Philip Turner for HABS. 
(c) U. S. Customs House, Trading 
Floor (1908), New York City. 
Photo: National Park Service files . 

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. 

Binder. The most common binder in interior paints was, 
and still is, oil. Chalk was sometimes added to water-based 
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 
water-based 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 oil-based 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 cross-link-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. 
Water-based paints were always flat, having no gloss of their 
own. Because the paint film dried to the touch as soon as 
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Figure 3. There were numerous companies producing white lead in the 
United States by mid-19th century. Shown is one manufacturer's trade 
flyer. Of note, production figures for white lead showed a marked 
increase after 1850, but a steady decline after 1880. This was, in part, 
due to a change of taste and style at the end of the 19th century-stains 
and clear finishes were preferred over opaque paints for interior 
decorative treatments. 

the water evaporated, driers were not needed. Water-base 
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 three-part 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 

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 water-based 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. 

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. 
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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. 

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 topcoat, and 
the directional lines of application, can be extremely 
challenging to a contemporary painter who is using modern 
materials. 

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 pre-1875 paints (see Figure 4). 
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. 

Figure 4. 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 London-trained 
painter and stainer. The 
early paint-grinding tool is 
the logo of the National 
Paint and Coatings 
Association. Photo: 
Courtesy, SPNEA. 

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 water-based 
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. Raised-field 
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 greyed-down 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 
water-based 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 (see Figures 5, 6). 

Figure 5. Owners of historic properties often find evidence of decorative 
painting on interior walls; however, the task of actually preserving or 
restoring decorative work, such as the complex stencilling pictured here, 
should only be undertaken by professionals who have specialized training 
and field experience. Photo: Courtesy, Alexis Elza. 

Figure 6. Historic doors 
may have graining 
patterns or clear finishes 
under one or several coats 
of plain paint, such as 
these restored 18th and 
early 19th century doors. 
Graining may appear even 
on more vernacular doors 
of the pre-1850 vintage. 
Photo: Jack E. Boucher for 
HABS. 

Stencilling. Stencilled designs on walls were often used in 
the first half of the 19th century in place of wallpaper. Old 
Sturbridge Village, in Massachusetts, has paintings showing 
the interiors of a (c. 1815-1820) farmhouse which has both 
stencilled walls-imitating wallpaper-and painted floors 
or oiled and painted floor cloths, imitating fine carpets. By 
1850 and for the next 60 years thereafter, stencilled and 
freehand-painted 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. 

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 three-dimensional 
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 hand-grinding 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 (see 
Figure 7). 

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 
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Figure 7. This 1857 patent drawing of a paint can invented by Peter 
Brown shows a remarkable similarity in design to today's containers. An 
airtight, carryable container allowed the sale of small amounts of paint. 
It helped revolutionize the paint industry for typical consumers in the 
late 19th century because paint was now essentially available to anyone 
who wanted it. 

and small towns used wood graining on metal-clad 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 modem 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 craftsmanlike 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. 

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 (see 
Figure 8). 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, semi-gloss, or 
eggshell. In contrast to Victorian paint treatments, this 
period was characterized by simplicity. To some extent, the 

Figure 8. The 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 The theater, a National 
Historic Landmark, is noted for its Art Deco style. Photo: Gabriel 
Moulin Studios. 

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 I alkyd paints: they did not 
yellow; they permitted water clean-up 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 
(see Figure 9). In addition, they utilize written 
documentation, verbal research, and visual information 
about past painting in the building in conjunction with 
findings in the field (Figure 10). 

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 the sequence 
of alterations that have occurred within a building, as well 
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Figure 9. Conservators are shown in the two-part process of conducting 
a complete paint investigation: (a) Paint samples are carefully collected 
onsite. (b) In the laboratory, an ultra violet light microscope is used to 
identify pigment and binding media. Paint samples are photographed 
with the camera mounted on top of the microscope. (right). Photo left: 
Courtesy, Matthew J. Mosca; Photo right: Courtesy, Andrea M. Gilmore. 

Figure 10. Written, oral, and pictorial documentation-such as this 
historical rendering-are combined with essential field research to 
provide the framework for sound historic preservation decisions. Photo: 
Courtesy, SPNEA. 

as potentially providing ranges of dates for some of these 
changes. By establishing a full sequence of paint layers 
(termed a chromochron%gy), together with other research, 
alterations of various 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, 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 short-cut 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 re-painting. 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 (see Figure 11). 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 

Figure 11. A dark layer can be seen beneath the flaking lighter paint on 
these raised field panels. Depending on the project work goal and the 
period of the building's history being interpreted, anyone of the paint 
layers could be duplicated in repainting. National Park Service files. 
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painted surfaces is all that is needed. Or a coating may be 
applied to protect important examples of history or art (see 
Figure 12). If repainting is required, the new paint is 
matched to existing paint colors using the safer, modern 
formulations. Re-creating earlier surface colors and 
treatments is not an objective. 

Figure 12. When discovered, important examples of history such as this 
pencilled Civil War graffiti should be preserved. A conservator can 
easily clean the area, then apply a protective coating. The history this 
hand-written message possesses is well worth the sacrifice of surface 
uniformity, even if it interrupts a freshly painted surface. Photo: Kaye 
Simonson. 

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 re-use 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 (see Figure 13). 

Figure 13. Part of a 
historic freight depot, 
this is not a high-style 
room and its painted 
surfaces are obviously in 
poor condition from 
long-term neglect. 
Interior spaces that are 
being converted for a 
new use in rehabilitation 
projects can benefit from 
being repainted in 
historic period colors 
rather than a neutral off
white. Photo: National 
Park Service files. 

Interiors of institutional buildings, such as university 
buildings, city halls, libraries, and churches often contain 
rich decorative detailing (Figure 14). 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 period-typical 
paint color and paint placement. 

Figure 14. Holes left by insertion of toggle bolts used ill the structural 
strengthening of this ceiling can be seen in the decorative plaster work. 
Without great expense, a skilled painter can now clean and touch up the 
damaged areas. This type of targeted repair work can benefit both public 
and private buildings. Photo: National Park Service files. 

Restoration. In a restoration project, the goal is to depict 
the property as it appeared during its period of greatest 
significance. This mayor 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 re-created 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 (see Figure 15). 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 



Figure 15. The decorative work on the walls and ceilings of the Senate 
Chamber, Providence, Rhode Island, City Hall (1875) is a rich 
combination of paint and gilding on ornate plaster features. It was 
carefully restored in 1975. Photo: Kate Gilliat. © Providence 
Preservation Society. 

from being touched and inadvertently kicked, and from 
having furniture pushed against it (see Figure 16). 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 (see 
Figure 17). Fireplaces smoked; early coal-fired 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, 

Figure 16. This 
residential door 
shows how scuffed 
and abraded interior 
painted surfaces can 

~!I~ become over time, 
particularly if the 
feature is in a high
use area. In the 
preservation project, 
the door was simply 
cleaned and 
repainted the same 
color. Photo: Robert 
M . Smith, Jr. 

Figure 17. A Federal period fireplace needs careful preparation for 
repainting. While the soot must obviously be cleaned off, it is important 
to Leave as much of the historic paint intact as possibLe. Photo: NationaL 
Park Service fiLes. 

from factories or other industries, infilhating 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 upward-facing 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 (see Figure 18). As a liquid, it can come from roof 
leaks, from faulty plumbing or steam heating systems, or 
from fire-suppression systems that have misfired. As a 
vapor, it may come from such human activities as 
breathing, showering, or cooking. Plaster walls sealed with 
unpigmented hide-glue are notably susceptible to water 
damage because it forms a water-soluble layer between the 
plaster and the paint. This can cause the paint to lose 

Figure 18. The major crack along this cornice indicates that there has 
been long-term moisture problem in this room. Restoring the plaster 
work and repainting shouLd be done onLy after the water probLem is 
soLved. Photo: Jack E. Boucher for HABS. 
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adhesion when even small amounts of moisture come into 
contact with the water-soluble sealer. 

Age/Sunlight. Finally, in historic interiors, especially 
where there is heavy paint build-up, paint can weaken and 
fail due to chemical or mechanical reasons. For example, 
the older linseed oil is, the more brittle it is (see Figure 19). 
It also darkens when it is covered and gets no ultra-violet 
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 yellow-brown, thus changing the color of 
the paint. Prussian blue is one of the tinting pigments that 
is particularly vulnerable to fading. 

Figure 19. Sunlight typically 
causes paint deterioration on 
windows and window sills. This 
alligatored surface can make 
paint research difficult, as later 
paints may have "run in" under 
earlier ones. This surface should 
be stripped of all degraded paint 
prior to repainting. Photo: 
Richard Graber. 

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 I alkyd paint is stronger than water-based 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 I 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 I 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 iron-oxide 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 (see Figure 
20). 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 

Figure 20. Historic metal components, such as this decorative cast-iron 
radiator, should be preserved during interzor work. Following surface 
preparation, repainting with rust-inhibiting primer and finish coats is 
recommended. Photo: Jack E. Boucher for HABS. 



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 (see 
Figure 21). 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 owr.er 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 re
installed). Finally, scraping to remove heat-loosened 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. 

Figure 21. Stripping paint may sometimes be necessary to reveal the 
delicate detail of an elaborate piece of interior decoration such as this wood 
column capital. If total paint removal is deemed appropriate, all paint 
information should be carefully recorded. Photo; National Park Service 
files. 

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. Water-based 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 re-attached 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 alkali-resistant 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 
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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 Modem 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 
mock-up 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 soy-based, 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. 

Acrylic water-borne paints (latex). Latex paints are 
synthetic resins carried in water. Before the paint dries or 
cross-links, it can be cleaned up with water. Early in the 
history of latex paints, some contained styrene/butadiene 
resins. Now nearly all top-grade latex paints contain acrylic 
resins, which are superior. Also, until fairly recently, the 
latex paints, while offering great strength, quick drying, 
and water clean-up, 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 water-based 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 

Types of Modern Paint 
Oil-based/alkyd: Non-volatile 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 water-borne 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 rust-inhibiting ingredients. 

Special finishes: finishes such as urethane and epoxy
based paints, marketed for very high gloss surface 
treatments. 

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. 

EpoxieslUrethane. 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 brushed-on 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. 
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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 
~:lOuld 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 I 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. 

Finally, decorative paint work in an historic interior
whether simple or high-style-is well worth preserving or 
restoring, and when such fancy work is being undertaken, 
traditional tools should always be used (see Figure 22). To 
simplify by using short-cut methods or rejecting painted 
decoration is indeed to dismiss or skew history as well as to 
lose the enjoyment of a true historic finish. 

Figure 22. Traditional water-based paint and artists' brushes are being 
used to reproduce historic finishes within a restoration project. Photo: 
Courtesy, Alexis Elza. 

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 Historic Preservation Projects 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. 

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. 
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01 10 00 SUMMARY 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other 
Division 01 Specification Sections, apply to this Section. 

B. The Secretary of the Interior’s Standards for the Treatment of Historic Properties with Guidelines for 
Preserving, Rehabilitating, Restoring, & Reconstructing Historic Buildings. 

1.2 SUMMARY 

A. Section Includes: 

1. Project information. 
2. Work covered by Contract Documents. 
3. Access to site. 
4. Coordination with occupants. 
5. Work restrictions. 
6. Specification and Drawing conventions. 

B. Related Requirements: 

1. Section 01 50 00 "Temporary Facilities and Controls" for limitations and procedures governing 
temporary use of Owner's facilities. 

C. Applicable Building Codes and Standards: 
 

1. 2018 International Building Code 
2. 2018 International Existing Building Code 
3. The Secretary of the Interior’s Standards for the Treatment of Historic Properties with Guidelines for 

Preserving, Rehabilitating, Restoring and Reconstructing Historic Buildings 

1.3 PROJECT INFORMATION 

A. Project Identification: Dangberg Home Ranch Restoration Projects 

 

1. Project Location: 1450 Highway 88, Minden, Nevada 89423 

B. Owner: Douglas County Community Services. 

1. Owner's Representative/Project Manager Scott McCullough:  
a. Phone: (775) 782-9829 
b. E-mail: smccullough@douglasnv.us  

Architect: Paul Cavin Architect LLC, 1575 Delucchi Lane Suite #120 Reno, Nevada 89502 
2. Project Architect: Paul Cavin, AIA 

a. Mobile: (775) 842-0261 
b. Office: (775) 384-6141 
c. E-mail: paul@paulcavindesign.com  

mailto:paul@paulcavindesign.com
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C. Architect's Consultants: The Architect has retained the following design professionals who have prepared 
designated portions of the Contract Documents: 

 
 

 
1. Structural Engineer: CFBR Structural Group, LLC, 5425 Louie Lane, Suite 2C, Reno, Nevada 89511 

a. Contact: Chris Roper, SE 
1) Mobile: (775) 470-1365 
2) E-mail: chris@cfbrgroup.com  

 
 

2. Electrical Engineer:  PK Electrical, Inc., 681 Sierra Rose Drive, Suite B, Reno, Nevada 89511 
a. Contact: Joey Ganser, PE 

1) (775) 826-9010 
2) jganser@pkelectrical.com  

 

1.4 WORK COVERED BY CONTRACT DOCUMENTS 

A. The Work of Project is defined by the Contract Documents and consists of the following: 
 

1. See Project Manual and Drawings. 

B. Type of Contract: 

1. Project will be constructed under a single prime contract. 

1.5 ACCESS TO SITE 

A. General: Contractor shall have limited use of Project site for construction operations as indicated on 
Drawings by the Contract limits and as indicated by requirements of this Section. 

B. Use of Building and Site: Limit use of Project site to areas within the Contract limits indicated. Do not disturb 
portions of Project site or building beyond areas in which the Work is indicated. 

1. Driveways, Walkways and Entrances: Keep driveways parking garage, loading areas, and entrances 
serving premises clear and available to Owner, Owner's employees, and emergency vehicles at all 
times. Do not use these areas for parking or for storage of materials. 

a. Schedule deliveries to minimize use of driveways and entrances by construction operations. 
b. Schedule deliveries to minimize space and time requirements for storage of materials and 

equipment on-site. 

C. Condition of Existing Building: Maintain portions of existing building affected by construction operations in a 
weathertight condition throughout construction period. Repair damage caused by construction operations. 

D. Condition of Existing Grounds: Maintain portions of existing grounds, landscaping, and hardscaping affected 
by construction operations throughout construction period. Repair damage caused by construction 
operations. 

1.6 COORDINATION WITH OCCUPANTS 

A. Partial Owner Occupancy: Owner will occupy the premises during entire construction period, with the 
exception of areas under construction. Cooperate with Owner during construction operations to minimize 
conflicts and facilitate Owner usage. Perform the Work so as not to interfere with Owner's operations. 

mailto:chris@cfbrgroup.com
mailto:jganser@pkelectrical.com
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Maintain existing exits unless otherwise indicated.  It is anticipated that the entire building will be vacant 
during the construction period.  However, building tenants may occupy spaces within the building for brief 
periods of time in order to retrieve information and/or equipment. 

1. Maintain access to existing walkways, corridors, and other adjacent occupied or used facilities. Do not 
close or obstruct walkways, corridors, or other occupied or used facilities without written permission 
from Owner and authorities having jurisdiction. 

2. Provide not less than 48 hours' notice to Owner of activities that will affect Owner's operations. 

1.7 WORK RESTRICTIONS 

A. Work Restrictions, General: Comply with restrictions on construction operations. 

1. Comply with limitations on use of public streets and with other requirements of authorities having 
jurisdiction. 

B. On-Site Work Hours: Limit work in the existing building to normal business working hours of 7:00 a.m. to 5:30 
p.m., Monday through Friday, unless otherwise indicated. 

1. Weekend Hours: 7:00 a.m. to 5:30 p.m. 
2. Hours for Utility Shutdowns: Notify Owner’s Project Manager 72 hours before any utility shutdowns. 
3. Hours for noisy activity: 8:00 a.m. to 5:00 p.m. coordinate with building occupants and ECSD Project 

Manager. 

C. Restricted Substances: Use of tobacco products and other controlled substances within the existing building 
and on the Project site is not permitted. 

1.8 SPECIFICATION AND DRAWING CONVENTIONS 

A. Specification Content: The Specifications use certain conventions for the style of language and the intended 
meaning of certain terms, words, and phrases when used in particular situations. These conventions are as 
follows: 

1. Imperative mood and streamlined language are generally used in the Specifications. The words 
"shall," "shall be," or "shall comply with," depending on the context, are implied where a colon (:) is 
used within a sentence or phrase. 

2. Specification requirements are to be performed by Contractor unless specifically stated otherwise. 

B. Division 01 General Requirements: Requirements of Sections in Division 01 apply to the Work of all Sections 
in the Specifications. 

C. Drawing Coordination: Requirements for materials and products identified on Drawings are described in 
detail in the Specifications. One or more of the following are used on Drawings to identify materials and 
products: 

1. Terminology: Materials and products are identified by the typical generic terms used in the individual 
Specifications Sections. 

2. Abbreviations: Materials and products are identified by abbreviations published as part of the U.S. 
National CAD Standard and scheduled on Drawings. 
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PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 01 10 00 
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01 25 00 SUBSTITUTION PROCEDURES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other 
Division 01 Specification Sections, apply to this Section. 

B. The Secretary of the Interior’s Standards for the Treatment of Historic Properties with Guidelines for Preserving, 
Rehabilitating, Restoring, & Reconstructing Historic Buildings. 

1.2 SUMMARY 

A. Section includes administrative and procedural requirements for substitutions. 

B. Related Requirements: 

1. Section 01 60 00 "Product Requirements" for requirements for submitting comparable product submittals 
for products by listed manufacturers. 

1.3 DEFINITIONS 

A. Substitutions: Changes in products, materials, equipment, and methods of construction from those required by 
the Contract Documents and proposed by Contractor. 

1. Substitutions for Cause: Changes proposed by Contractor that are required due to changed Project 
conditions, such as unavailability of product, regulatory changes, or unavailability of required warranty 
terms. 

2. Substitutions for Convenience: Changes proposed by Contractor or Owner that are not required in order 
to meet other Project requirements but may offer advantage to Contractor or Owner. 

1.4 ACTION SUBMITTALS 

A. Substitution Requests: Submit three copies of each request for consideration. Identify product or fabrication or 
installation method to be replaced. Include Specification Section number and title and Drawing numbers and 
titles. 

1. Substitution Request Form: Use form provided in Project Manual. 
2. Documentation: Show compliance with requirements for substitutions and the following, as applicable: 

a. Statement indicating why specified product or fabrication or installation method cannot be 
provided, if applicable. 

b. Coordination of information, including a list of changes or revisions needed to other parts of the 
Work and to construction performed by Owner and separate contractors that will be necessary to 
accommodate proposed substitution. 

c. Detailed comparison of significant qualities of proposed substitutions with those of the Work 
specified. Include annotated copy of applicable Specification Section. Significant qualities may 
include attributes, such as performance, weight, size, durability, visual effect, sustainable design 
characteristics, warranties, and specific features and requirements indicated. Indicate deviations, 
if any, from the Work specified. 

d. Product Data, including drawings and descriptions of products and fabrication and installation 
procedures. 
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e. Samples, where applicable or requested. 
f. Certificates and qualification data, where applicable or requested. 
g. List of similar installations for completed projects, with project names and addresses as well as 

names and addresses of architects and owners. 
h. Material test reports from a qualified testing agency, indicating and interpreting test results for 

compliance with requirements indicated. 
i. Research reports evidencing compliance with building code in effect for Project, from ICC-ES. 
j. Detailed comparison of Contractor's construction schedule using proposed substitutions with 

products specified for the Work, including effect on the overall Contract Time. If specified product 
or method of construction cannot be provided within the Contract Time, include letter from 
manufacturer, on manufacturer's letterhead, stating date of receipt of purchase order, lack of 
availability, or delays in delivery. 

k. Cost information, including a proposal of change, if any, in the Contract Sum. 
l. Contractor's certification that proposed substitution complies with requirements in the Contract 

Documents, except as indicated in substitution request, is compatible with related materials and 
is appropriate for applications indicated. 

m. Contractor's waiver of rights to additional payment or time that may subsequently become 
necessary because of failure of proposed substitution to produce indicated results. 

3. Architect's Action: If necessary, Architect will request additional information or documentation for 
evaluation within seven days of receipt of a request for substitution. Architect will notify 
Contractor through Construction Manager of acceptance or rejection of proposed substitution within 15 
days of receipt of request, or seven days of receipt of additional information or documentation, whichever 
is later. 

a. Forms of Acceptance: Change Order, Construction Change Directive, or Architect's Supplemental 
Instructions for minor changes in the Work. 

b. Use product specified if Architect does not issue a decision on use of a proposed substitution 
within time allocated. 

1.5 QUALITY ASSURANCE 

A. Compatibility of Substitutions: Investigate and document compatibility of proposed substitution with related 
products and materials. Engage a qualified testing agency to perform compatibility tests recommended by 
manufacturers. 

1.6 PROCEDURES 

A. Coordination: Revise or adjust affected work as necessary to integrate work of the approved substitutions. 

1.7 SUBSTITUTIONS 

A. Substitutions for Cause: Submit requests for substitution immediately on discovery of need for change, but not 
later than 15 days prior to time required for preparation and review of related submittals. 

1. Conditions: Architect will consider Contractor's request for substitution when the following conditions are 
satisfied. If the following conditions are not satisfied, Architect will return requests without action, except 
to record noncompliance with these requirements: 

a. Requested substitution is consistent with the Contract Documents and will produce indicated 
results. 

b. Substitution request is fully documented and properly submitted. 
c. Requested substitution will not adversely affect Contractor's construction schedule. 
d. Requested substitution has received necessary approvals of authorities having jurisdiction. 
e. Requested substitution is compatible with other portions of the Work. 
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f. Requested substitution has been coordinated with other portions of the Work. 
g. Requested substitution provides specified warranty. 
h. If requested substitution involves more than one contractor, requested substitution has been 

coordinated with other portions of the Work, is uniform and consistent, is compatible with other 
products, and is acceptable to all contractors involved. 

B. Substitutions for Convenience: Not allowed unless agreed upon by Architect and Owner. 

C. Substitutions for Convenience: Architect will consider requests for substitution if received within 60 days after 
the Notice to Proceed. Requests received after that time may be considered or rejected at discretion of 
Architect. 

1. Conditions: Architect will consider Contractor's request for substitution when the following conditions are 
satisfied. If the following conditions are not satisfied, Architect will return requests without action, except 
to record noncompliance with these requirements: 

a. Requested substitution offers Owner a substantial advantage in cost, time, energy conservation, 
or other considerations, after deducting additional responsibilities Owner must assume. Owner's 
additional responsibilities may include compensation to Architect for redesign and evaluation 
services, increased cost of other construction by Owner, and similar considerations. 

b. Requested substitution does not require extensive revisions to the Contract Documents. 
c. Requested substitution is consistent with the Contract Documents and will produce indicated 

results. 
d. Substitution request is fully documented and properly submitted. 
e. Requested substitution will not adversely affect Contractor's construction schedule. 
f. Requested substitution has received necessary approvals of authorities having jurisdiction. 
g. Requested substitution is compatible with other portions of the Work. 
h. Requested substitution has been coordinated with other portions of the Work. 
i. Requested substitution provides specified warranty. 
j. If requested substitution involves more than one contractor, requested substitution has been 

coordinated with other portions of the Work, is uniform and consistent, is compatible with other 
products, and is acceptable to all contractors involved. 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 01 25 00 
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REQUEST FOR SUBSTITUTION FORM 
 
Submittal is to be filled out in its entirety. For items which do not apply, mark “N/A.” Failure to complete the 
entire form may be cause for rejection. 
 
Date of Request:              
 
Project Name:               
 
General Contractor:              
 
Contractor Requesting Substitution:            
 
1. Give complete name of item, manufacturer, model number, etc. to specifically identify the below listed items 
from similar items by either same or other manufacturers: 
 
Specified Item:               
 
Requested Substitution:             
 
2.  All applicable items in the following list of specification designations must be completely filled in as a basis 
to demonstrate equality (or non-equality) of the requested substitute vs. the specified item (Add any 
information necessary to prove equality). 
 
Designation     Specified Item     Requested Substitution 
 
Comply with (list numbers): 
 
ASTM Publication Number:            
 
Federal Specification Number:            
 
Military Specification Number:            
 
ICBO Report Number:             
 
UL Assembly Number:             
 
NFPA Publication Number:            
 
ANSI Standard Number:             
 
Gypsum Association Number:            
 
                
Size (state units of measure and identify as nominal, exact, etc.) dimensions: 
 
Length:               
 
Height:               
  
Width:               
 
Depth:               
 
Diameter:              
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Diameter:              
 
Area:               
 
Volume:              
 
                
 
Construction and Material Used (If metal, indicate type, if wood, indicate species): 
 
Metal:               
 
Wood:               
  
Plastic:               
 
Gauge, weight, thickness, etc:            
 
Method of connection:             
   
Method of attachment to structure:           
 
                
 
Color and Finish: 
 
                
 
                
 
                
 
                
 
Special Features: 
 
                
 
                
 
                
 
                
 
                
 

Guarantee/Warranty: Yes:  No:   
 
If yes, state length of guarantee/warranty.____________ 
 
Attach guarantee/warranty information. 

 
For each item above in Number 2, which indicates that the requested substitution is not the same as 
the specified item, make a brief but concise statement in Number 5 below expressing why you believe 
the requested substitution is equal to or superior to the specified item. Clearly identify which line item 
in Number 2 is being discussed in each statement in Number 5. 
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3.  Details of Construction and/or Installation. 
 

Does the requested substitute comply with method of construction and materials indicated on the Contract 
Documents? 

 Yes:  No:  
 

Does the requested substitute comply with method of attachment to and compatibility with adjacent materials 
indicated on the Contract Documents?  

 Yes:  No:  
 

If either of the above is answered NO, is there submitted herewith detailed drawings fully explaining the 
proposed method of construction and materials for the substitute item/ assembly and showing its method of 
attachment to and compatibility with adjacent materials? 
Yes:  No:  
 
Note:  If the Substitution Request does not contain details, drawings, assembly, and installation this request 
will be rejected. 

 
4.  Affect on Contract Cost and/or Contract Time. 
 

If approved, will this Request for Substitution affect the Contract Cost? 
 Yes:  No:  
 If yes, state amount of cost: added:    deducted:     
 

If approved, will this Request for Substitution affect the Contract Time? 
 Yes:  No:  
 If yes, state amount of time: added    deducted:     
 
5.  State below any other reasons for making this Request for Substitution, including any advantages for either 
the Owner, Contractor, Subcontractor, etc. (attach additional information as necessary). 
 
               
 
               
 
               
 
               
 
               
 
               
 
               
 
               
 
6.  Certification: 
 

In making this Request for Substitution, the undersigned hereby certifies that to the best of their knowledge 
and information all data listed hereinabove is correct and factual. The undersigned further certifies that they 
have read and understand all aspects of the Summary of Work, included in the Project Manual, and will fully 
comply with the contents of the Contract Documents regarding the substitution of materials. 
 
Name of Firm making Request (Contractor, Subcontractor, Manufacturer, Supplier, etc.):    
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By:              
 Signature 
 
                    
 Printed Name and Title 

 
                    
 Date 

 
7.  Concurrence (To be completed by General Contractor, unless above certification is by General Contractor). 
 

I,             , 
The General Contractor for this project, have reviewed this Request for Substitution and concur with all the 
information contained herein and also make the same certifications as executed by the firm initiating this 
Request for Substitution. 
 
By:              
 Signature 
 
                    
 Printed Name and Title 

 
                    
 Date 

 

END OF SUBSTITUTION FORM 
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01 26 00 CONTRACT MODIFICATION PROCEDURES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other 
Division 01 Specification Sections, apply to this Section. 

B. The Secretary of the Interior’s Standards for the Treatment of Historic Properties with Guidelines for Preserving, 
Rehabilitating, Restoring, & Reconstructing Historic Buildings. 

1.2 SUMMARY 

A. Section includes administrative and procedural requirements for handling and processing Contract 
modifications. 

B. Related Requirements: 

1. Section 01 25 00 "Substitution Procedures" for administrative procedures for handling requests for 
substitutions made after the Contract award. 

1.3 MINOR CHANGES IN THE WORK 

A. Architect will issue supplemental instructions authorizing minor changes in the Work, not involving adjustment 
to the Contract Sum or the Contract Time. 

1.4 PROPOSAL REQUESTS 

A. Owner-Initiated Proposal Requests:  Architect will issue a detailed description of proposed changes in the Work 
that may require adjustment to the Contract Sum or the Contract Time. If necessary, the description will include 
supplemental or revised Drawings and Specifications. 

1. Work Change Proposal Requests issued by Architect are not instructions either to stop work in progress 
or to execute the proposed change. 

2. Within time specified in Proposal Request after receipt of Proposal Request, submit a quotation 
estimating cost adjustments to the Contract Sum and the Contract Time necessary to execute the 
change. 

a. Include a list of quantities of products required or eliminated and unit costs, with total amount of 
purchases and credits to be made. If requested, furnish survey data to substantiate quantities. 

b. Indicate applicable taxes, delivery charges, equipment rental, and amounts of trade discounts. 
c. Include costs of labor and supervision directly attributable to the change. 
d. Include an updated Contractor's construction schedule that indicates the effect of the change, 

including, but not limited to, changes in activity duration, start and finish times, and activity 
relationship. Use available total float before requesting an extension of the Contract Time. 

e. Quotation Form: Use forms acceptable to Architect. 

B. Contractor-Initiated Proposals: If latent or changed conditions require modifications to the Contract, Contractor 
may initiate a claim by submitting a request for a change to Architect. 
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1. Include a statement outlining reasons for the change and the effect of the change on the Work. Provide 
a complete description of the proposed change. Indicate the effect of the proposed change on the 
Contract Sum and the Contract Time. 

2. Include a list of quantities of products required or eliminated and unit costs, with total amount of 
purchases and credits to be made. If requested, furnish survey data to substantiate quantities. 

3. Indicate applicable taxes, delivery charges, equipment rental, and amounts of trade discounts. 
4. Include costs of labor and supervision directly attributable to the change. 
5. Include an updated Contractor's construction schedule that indicates the effect of the change, including, 

but not limited to, changes in activity duration, start and finish times, and activity relationship. Use 
available total float before requesting an extension of the Contract Time. 

6. Comply with requirements in Section 01 25 00 "Substitution Procedures" if the proposed change requires 
substitution of one product or system for product or system specified. 

7. Proposal Request Form: Use form acceptable to Architect. 

1.5 CHANGE ORDER PROCEDURES 

A. On Owner's approval of a Work Change Proposal Request, Architect will issue a Change Order for signatures 
of Owner and Contractor on AIA Document G701. 

1.6 CONSTRUCTION CHANGE DIRECTIVE 

A. Construction Change Directive:  Architect may issue a Construction Change Directive on AIA Document G714. 
Construction Change Directive instructs Contractor to proceed with a change in the Work, for subsequent 
inclusion in a Change Order. 

1. Construction Change Directive contains a complete description of change in the Work. It also designates 
method to be followed to determine change in the Contract Sum or the Contract Time. 

B. Documentation: Maintain detailed records on a time and material basis of work required by the Construction 
Change Directive. 

1. After completion of change, submit an itemized account and supporting data necessary to substantiate 
cost and time adjustments to the Contract. 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 01 26 00 
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01 29 00 PAYMENT PROCEDURES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other 
Division 01 Specification Sections, apply to this Section. 

B. The of the Interior’s Standards for the Treatment of Historic Properties with Guidelines for Preserving, 
Rehabilitating, Restoring, & Reconstructing Historic Buildings. 

1.2 SUMMARY 

A. Section includes administrative and procedural requirements necessary to prepare and process Applications 
for Payment. 

B. Related Requirements: 

1. Section 01 26 00 "Contract Modification Procedures" for administrative procedures for handling changes 
to the Contract. 

2. Section 01 32 00 "Construction Progress Documentation" for administrative requirements governing the 
preparation and submittal of the Contractor's construction schedule. 

1.3 DEFINITIONS 

A. Schedule of Values: A statement furnished by Contractor allocating portions of the Contract Sum to various 
portions of the Work and used as the basis for reviewing Contractor's Applications for Payment. 

1.4 SCHEDULE OF VALUES 

A. Coordination: Coordinate preparation of the schedule of values with preparation of Contractor's construction 
schedule.  

1. Coordinate line items in the schedule of values with items required to be indicated as separate activities 
in Contractor's construction schedule. 

2. Submit the schedule of values to Architect at earliest possible date, but no later than seven days before 
the date scheduled for submittal of initial Applications for Payment. 

3. Sub-schedules for Separate Elements of Work: Where the Contractor's construction schedule defines 
separate elements of the Work, provide sub-schedules showing values coordinated with each element. 

B. Format and Content: Use Project Manual table of contents as a guide to establish line items for the schedule 
of values. Provide at least one line item for each Specification Section. 

1. Identification: Include the following Project identification on the schedule of values: 

a. Project name and location. 
b. Name of Architect. 
c. Architect's Project number. 
d. Contractor's name and address. 
e. Date of submittal. 
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2. Arrange schedule of values consistent with format of AIA Document G703. 

3. Provide a breakdown of the Contract Sum in enough detail to facilitate continued evaluation of 
Applications for Payment and progress reports. Provide multiple line items for principal subcontract 
amounts in excess of five percent of the Contract Sum. 

4. Provide a separate line item in the schedule of values for each part of the Work where Applications for 
Payment may include materials or equipment purchased or fabricated and stored, but not yet installed. 

a. Differentiate between items stored on-site and items stored off-site. 

 
5. Overhead Costs: Include total cost and proportionate share of general overhead and profit for each line 

item. 
6. Overhead Costs: Show cost of temporary facilities and other major cost items that are not direct cost of 

actual work-in-place as separate line items. 
7. Closeout Costs. Include separate line items under Contractor and principal subcontracts for Project 

closeout requirements in an amount totaling five percent of the Contract Sum and subcontract amount. 
8. Schedule of Values Revisions: Revise the schedule of values when Change Orders or Construction 

Change Directives result in a change in the Contract Sum. Include at least one separate line item for 
each Change Order and Construction Change Directive. 

1.5 APPLICATIONS FOR PAYMENT 

A. Each Application for Payment following the initial Application for Payment shall be consistent with previous 
applications and payments as certified by Architect and paid for by Owner. 

B. Payment Application Times: The date for each progress payment is indicated in the Agreement between Owner 
and Contractor. The period of construction work covered by each Application for Payment is the period 
indicated in the Agreement. 

C. Application for Payment Forms: Use AIA Document G702 and AIA Document G703 as form for Applications 
for Payment. 

1. Other Application for Payment forms proposed by the Contractor shall be acceptable to Architect and 
Owner. Submit forms for approval with initial submittal of schedule of values. 

D. Application Preparation: Complete every entry on form. Notarize and execute by a person authorized to sign 
legal documents on behalf of Contractor. Architect will return incomplete applications without action. 

1. Entries shall match data on the schedule of values and Contractor's construction schedule. Use updated 
schedules if revisions were made. 

2. Include amounts for work completed following previous Application for Payment, whether or not payment 
has been received. Include only amounts for work completed at time of Application for Payment. 

3. Include amounts of Change Orders and Construction Change Directives issued before last day of 
construction period covered by application. 

4. Indicate separate amounts for work being carried out under Owner-requested project acceleration. 

E. Stored Materials: Include in Application for Payment amounts applied for materials or equipment purchased or 
fabricated and stored, but not yet installed. Differentiate between items stored on-site and items stored off-site. 

1. Provide certificate of insurance, evidence of transfer of title to Owner, and consent of surety to payment 
for stored materials. 

2. Provide supporting documentation that verifies amount requested, such as paid invoices. Match amount 
requested with amounts indicated on documentation; do not include overhead and profit on stored 
materials. 

3. Provide summary documentation for stored materials indicating the following: 
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a. Value of materials previously stored and remaining stored as of date of previous Applications for 
Payment. 

b. Value of previously stored materials put in place after date of previous Application for Payment 
and on or before date of current Application for Payment. 

c. Value of materials stored since date of previous Application for Payment and remaining stored as 
of date of current Application for Payment. 

F. Transmittal: Submit three signed and notarized original copies of each Application for Payment to Architect by 
a method ensuring receipt within 24 hours. One copy shall include waivers of lien and similar attachments if 
required. 

1. Transmit each copy with a transmittal form listing attachments and recording appropriate information 
about application. 

G. Initial Application for Payment: Administrative actions and submittals that must precede or coincide with 
submittal of first Application for Payment include the following: 

1. List of subcontractors. 
2. Schedule of values. 
3. Contractor's construction schedule (preliminary if not final). 
4. Combined Contractor's construction schedule (preliminary if not final) incorporating Work of multiple 

contracts, with indication of acceptance of schedule by each Contractor. 
5. Products list (preliminary if not final). 
6. Schedule of unit prices. 
7. Submittal schedule (preliminary if not final). 
8. List of Contractor's staff assignments. 
9. List of Contractor's principal consultants. 
10. Copies of building permits. 
11. Copies of authorizations and licenses from authorities having jurisdiction for performance of the Work. 
12. Initial progress report. 
13. Report of preconstruction conference. 
14. Certificates of insurance and insurance policies. 
15. Performance and payment bonds. 
16. Data needed to acquire Owner's insurance. 

H. Application for Payment at Substantial Completion: After Architect issues the Certificate of Substantial 
Completion, submit an Application for Payment showing 100 percent completion for portion of the Work claimed 
as substantially complete. 

1. Include documentation supporting claim that the Work is substantially complete and a statement 
showing an accounting of changes to the Contract Sum. 

2. This application shall reflect Certificate(s) of Substantial Completion issued previously for Owner 
occupancy of designated portions of the Work. 

I. Final Payment Application: After completing Project closeout requirements, submit final Application for 
Payment with releases and supporting documentation not previously submitted and accepted, including, but 
not limited, to the following: 

1. Evidence of completion of Project closeout requirements. 
2. Insurance certificates for products and completed operations where required and proof that taxes, fees, 

and similar obligations were paid. 
3. Updated final statement, accounting for final changes to the Contract Sum. 
4. AIA Document G706. 
5. AIA Document G706A. 
6. AIA Document G707. 
7. Evidence that claims have been settled. 
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8. Final meter readings for utilities, a measured record of stored fuel, and similar data as of date of 
Substantial Completion or when Owner took possession of and assumed responsibility for 
corresponding elements of the Work. 

9. Final liquidated damages settlement statement. 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 01 29 00 
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01 31 00 PROJECT MANAGEMENT AND COORDINATION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other 
Division 01 Specification Sections, apply to this Section. 

B. The Secretary of the Interior’s Standards for the Treatment of Historic Properties with Guidelines for Preserving, 
Rehabilitating, Restoring, & Reconstructing Historic Buildings. 

1.2 SUMMARY 

A. Section includes administrative provisions for coordinating construction operations on Project including, but not 
limited to, the following: 

1. General coordination procedures. 
2. Coordination drawings. 
3. RFIs. 
4. Digital project management procedures. 
5. Project meetings. 

B. Each contractor shall participate in coordination requirements. Certain areas of responsibility are assigned to 
a specific contractor. 

C. Related Requirements: 

1. Section 01 32 00 "Construction Progress Documentation" for preparing and submitting Contractor's 
construction schedule. 

2. Section 01 73 00 "Execution" for procedures for coordinating general installation and field-engineering 
services, including establishment of benchmarks and control points. 

3. Section 01 77 00 "Closeout Procedures" for coordinating closeout of the Contract. 

1.3 DEFINITIONS 

A. RFI: Request for Information. Request from Owner, Architect, or Contractor seeking information required by or 
clarifications of the Contract Documents. 

1.4 INFORMATIONAL SUBMITTALS 

A. Subcontract List: Prepare a written summary identifying individuals or firms proposed for each portion of the 
Work, including those who are to furnish products or equipment fabricated to a special design. Include the 
following information in tabular form: 

1. Name, address, telephone number, and email address of entity performing subcontract or supplying 
products. 

2. Number and title of related Specification Section(s) covered by subcontract. 
3. Drawing number and detail references, as appropriate, covered by subcontract. 

B. Key Personnel Names: Within 5 days of starting construction operations, submit a list of key personnel 
assignments, including superintendent and other personnel in attendance at Project site. Identify individuals 
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and their duties and responsibilities; list addresses and cellular telephone numbers and e-mail addresses. 
Provide names, addresses, and telephone numbers of individuals assigned as alternates in the absence of 
individuals assigned to Project. 

1. Post copies of list in project meeting room, in temporary field office, and in prominent location in 
each built facility. Keep list current at all times. 

1.5 GENERAL COORDINATION PROCEDURES 

A. Coordination: Coordinate construction operations included in different Sections of the Specifications to ensure 
efficient and orderly installation of each part of the Work. Coordinate construction operations included in 
different Sections that depend on each other for proper installation, connection, and operation. 

1. Schedule construction operations in sequence required to obtain the best results where installation of 
one part of the Work depends on installation of other components, before or after its own installation. 

2. Coordinate installation of different components to ensure maximum performance and accessibility for 
required maintenance, service, and repair. 

3. Make adequate provisions to accommodate items scheduled for later installation. 

B. Prepare memoranda for distribution to each party involved, outlining special procedures required for 
coordination. Include such items as required notices, reports, and list of attendees at meetings. 

1. Prepare similar memoranda for Owner and separate contractors if coordination of their Work is required. 

C. Administrative Procedures: Coordinate scheduling and timing of required administrative procedures with other 
construction activities and scheduled activities of other contractors to avoid conflicts and to ensure orderly 
progress of the Work. Such administrative activities include, but are not limited to, the following: 

1. Preparation of Contractor's construction schedule. 
2. Preparation of the schedule of values. 
3. Installation and removal of temporary facilities and controls. 
4. Delivery and processing of submittals. 
5. Progress meetings. 
6. Pre-installation conferences. 
7. Project closeout activities. 
8. Startup and adjustment of systems. 

1.6 COORDINATION DRAWINGS 

A. Coordination Drawings, General: Prepare coordination drawings according to requirements in individual 
Sections, and additionally where installation is not completely indicated on Shop Drawings, where limited space 
availability necessitates coordination, or if coordination is required to facilitate integration of products and 
materials fabricated or installed by more than one entity. 

1. Content: Project-specific information, drawn accurately to a scale large enough to indicate and resolve 
conflicts. Do not base coordination drawings on standard printed data. Include the following information, 
as applicable: 

a. Use applicable Drawings as a basis for preparation of coordination drawings. Prepare sections, 
elevations, and details as needed to describe relationship of various systems and components. 

b. Coordinate the addition of trade-specific information to coordination drawings by multiple 
contractors in a sequence that best provides for coordination of the information and resolution of 
conflicts between installed components before submitting for review. 

c. Indicate functional and spatial relationships of components of architectural, structural, civil, 
mechanical, and electrical systems. 
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d. Indicate space requirements for routine maintenance and for anticipated replacement of 
components during the life of the installation. 

e. Show location and size of access doors required for access to concealed dampers, valves, and 
other controls. 

f. Indicate required installation sequences. 
g. Indicate dimensions shown on Drawings. Specifically note dimensions that appear to be in conflict 

with submitted equipment and minimum clearance requirements. Provide alternative sketches to 
Architect indicating proposed resolution of such conflicts. Minor dimension changes and difficult 
installations will not be considered changes to the Contract. 

B. Coordination Drawing Organization: Organize coordination drawings as follows: 

1. Floor Plans and Reflected Ceiling Plans: Show architectural and structural elements, and mechanical, 
plumbing, fire-protection, fire-alarm, and electrical Work. Show locations of visible ceiling-mounted 
devices relative to acoustical ceiling grid. Supplement plan drawings with section drawings where 
required to adequately represent the Work. 

2. Plenum Space: Indicate sub-framing for support of ceiling and wall systems, mechanical and electrical 
equipment, and related Work. Locate components within plenums to accommodate layout of light 
fixtures and other components indicated on Drawings. Indicate areas of conflict between light fixtures 
and other components. 

3. Mechanical Rooms: Provide coordination drawings for mechanical rooms showing plans and elevations 
of mechanical, plumbing, fire-protection, fire-alarm, and electrical equipment. 

4. Structural Penetrations: Indicate penetrations and openings required for all disciplines. 
5. Slab Edge and Embedded Items: Indicate slab edge locations and sizes and locations of embedded 

items for metal fabrications, sleeves, anchor bolts, bearing plates, angles, door floor closers, slab 
depressions for floor finishes, curbs and housekeeping pads, and similar items. 

6. Mechanical and Plumbing Work: Show the following: 

a. Sizes and bottom elevations of ductwork, piping, and conduit runs, including insulation, bracing, 
flanges, and support systems. 

b. Dimensions of major components, such as dampers, valves, diffusers, access doors, cleanouts 
and electrical distribution equipment. 

c. Fire-rated enclosures around ductwork. 

7. Electrical Work: Show the following: 

a. Runs of vertical and horizontal conduit 3/4 inches in diameter and larger. 
b. Light fixture, exit light, emergency battery pack, smoke detector, and other fire-alarm locations. 
c. Panel board, switch board, switchgear, transformer, busway, generator, and motor-control center 

locations. 
d. Location of pull boxes and junction boxes, dimensioned from column center lines. 

8. Fire-Protection System: Show the following: 

a. Locations of standpipes, mains piping, branch lines, pipe drops, and sprinkler heads. 

9. Review: Architect will review coordination drawings to confirm that in general the Work is being 
coordinated, but not for the details of the coordination, which are Contractor's responsibility. If Architect 
determines that coordination drawings are not being prepared in sufficient scope or detail, or are 
otherwise deficient, Architect will so inform Contractor, who shall make suitable modifications and 
resubmit. 

10. Coordination Drawing Prints: Prepare coordination drawing prints according to requirements in 
Section 01 33 00 "Submittal Procedures." 

C. Coordination Digital Data Files: Prepare coordination digital data files according to the following requirements: 

1. File Preparation Format: Same digital data software program, version, and operating system as original 
Drawings. 
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2. File Preparation Format:  DWG, Version 2013, operating in Microsoft Windows operating system. 
3. File Submittal Format: Submit or post coordination drawing files using PDF format. 

4. Architect will furnish Contractor one set of digital data files of Drawings for use in preparing coordination 
digital data files. 

a. Architect makes no representations as to the accuracy or completeness of digital data files as 
they relate to Drawings. 

b. Entity using Architect’s digital files shall execute an indemnification agreement prepared by the 
Architect. 

1.7 REQUEST FOR INFORMATION (RFI) 

A. General: Immediately on discovery of the need for additional information, clarification, or interpretation of the 
Contract Documents, Contractor shall prepare and submit an RFI in the form specified. 

1. Architect will return without response those RFIs submitted to Architect by other entities controlled by 
Contractor. 

2. Coordinate and submit RFIs in a prompt manner so as to avoid delays in Contractor's work or work of 
subcontractors. 

B. Content of the RFI: Include a detailed, legible description of item needing information or interpretation and the 
following: 

1. Project name. 
2. Project number. 
3. Date. 
4. Name of Contractor. 
5. Name of Architect. 
6. RFI number, numbered sequentially. 
7. RFI subject. 
8. Specification Section number and title and related paragraphs, as appropriate. 
9. Drawing number and detail references, as appropriate. 
10. Field dimensions and conditions, as appropriate. 
11. Contractor's suggested resolution. If Contractor's suggested resolution impacts the Contract Time or the 

Contract Sum, Contractor shall state impact in the RFI. 
12. Contractor's signature. 
13. Attachments: Include sketches, descriptions, measurements, photos, Product Data, Shop Drawings, 

coordination drawings, and other information necessary to fully describe items needing interpretation. 

a. Include dimensions, thicknesses, structural grid references, and details of affected materials, 
assemblies, and attachments on attached sketches. 

C. RFI Forms:  Software-generated form with substantially the same content as indicated above, acceptable to 
Architect. 

1. Attachments shall be electronic files in PDF format. 

D. Architect's Action: Architect will review each RFI, determine action required, and respond. Allow seven working 
days for Architect's response for each RFI. RFIs received by Architect after 1:00 p.m. will be considered as 
received the following working day. 

1. The following Contractor-generated RFIs will be returned without action: 

a. Requests for approval of submittals. 
b. Requests for approval of substitutions. 
c. Requests for approval of Contractor's means and methods. 
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d. Requests for coordination information already indicated in the Contract Documents. 
e. Requests for adjustments in the Contract Time or the Contract Sum. 
f. Requests for interpretation of Architect's actions on submittals. 
g. Incomplete RFIs or inaccurately prepared RFIs. 

2. Architect's action may include a request for additional information, in which case Architect's time for 
response will date from time of receipt by Architect of additional information. 

3. Architect's action on RFIs that may result in a change to the Contract Time or the Contract Sum may be 
eligible for Contractor to submit Change Proposal according to Section 01 26 00 "Contract Modification 
Procedures." 

a. If Contractor believes the RFI response warrants change in the Contract Time or the Contract 
Sum, notify Architect in writing within 10 days of receipt of the RFI response. 

E. RFI Log: Contractor to prepare, maintain, and submit a tabular log of RFIs organized by the RFI number. 
Submit log upon request of Architect and/or Owner. Include the following:  

1. Project name. 
2. Name and address of Contractor. 
3. Name and address of Architect. 
4. RFI number including RFIs that were returned without action or withdrawn. 
5. RFI description. 
6. Date the RFI was submitted. 
7. Date Architect's response was received. 
8. Identification of related Minor Change in the Work, Construction Change Directive, and Proposal 

Request, as appropriate. 
9. Identification of related Field Order, Work Change Directive, and Proposal Request, as appropriate. 

F. On receipt of Architect's action, update the RFI log and immediately distribute the RFI response to affected 
parties. Review response and notify Architect within three days if Contractor disagrees with response. 

1.8 DIGITAL PROJECT MANAGEMENT PROCEDURES 

A. Use of Architect's Digital Data Files: Digital data files of Architect's CAD drawings will be provided by Architect 
for Contractor's use during construction. 

1. Digital data files may be used by Contractor in preparing coordination drawings, Shop Drawings, and 
Project record Drawings. 

2. Architect makes no representations as to the accuracy or completeness of digital data files as they relate 
to Contract Drawings. 

3. Digital Drawing Software Program: Contract Drawings are available in AutoCAD 2013. 
4. Entity using Architect’s digital files shall execute an indemnification agreement prepared by the Architect. 
5. The following digital data files will be furnished for each appropriate discipline: 

a. Base plans. 

B. PDF Document Preparation: Where PDFs are required to be submitted to Architect, prepare as follows: 

1. Assemble complete submittal package into a single indexed file incorporating submittal requirements of 
a single Specification Section and transmittal form with links enabling navigation to each item. 

2. Name file with submittal number or other unique identifier, including revision identifier. 
3. Certifications: Where digitally submitted certificates and certifications are required, provide a digital 

signature with digital certificate on where indicated. 
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1.9 PROJECT MEETINGS 

A. General:  General Contractor shall schedule and conduct meetings and conferences at Project site. 

1. Attendees: Inform participants and others involved, and individuals whose presence is required, of date 
and time of each meeting. Notify Owner and Architect of scheduled meeting dates and times a minimum 
of 10 working days prior to meeting. 

2. Agenda: General Contractor shall prepare the meeting agenda. Distribute the agenda to all invited 
attendees. 

3. Meeting Minutes: General Contractor will record significant discussions and agreements achieved. 
Distribute the meeting minutes to everyone concerned, including Owner and Architect, within three days 
of the meeting. 

B. Preconstruction Conference:  Owner will schedule and conduct a preconstruction conference before starting 
construction, at a time convenient to Owner and Architect, but no later than 15 days after execution of the 
Agreement. 

1. Attendees: Authorized representatives of Owner Architect, and their consultants; Contractor and its 
superintendent; major subcontractors; suppliers; and other concerned parties shall attend the 
conference. Participants at the conference shall be familiar with Project and authorized to conclude 
matters relating to the Work. 

2. Agenda: Discuss items of significance that could affect progress, including the following: 

a. Responsibilities and personnel assignments. 
b. Tentative construction schedule. 
c. Phasing. 
d. Critical work sequencing and long lead items. 
e. Designation of key personnel and their duties. 
f. Lines of communications. 
g. Use of web-based Project software. 
h. Procedures for processing field decisions and Change Orders. 
i. Procedures for RFIs. 
j. Procedures for testing and inspecting. 
k. Procedures for processing Applications for Payment. 
l. Distribution of the Contract Documents. 
m. Submittal procedures. 
n. Sustainable design requirements. 
o. Preparation of Record Documents. 
p. Use of the premises and existing building. 
q. Work restrictions. 
r. Working hours. 
s. Owner's occupancy requirements. 
t. Responsibility for temporary facilities and controls. 
u. Procedures for moisture and mold control. 
v. Procedures for disruptions and shutdowns. 
w. Construction waste management and recycling. 
x. Parking availability. 
y. Office, work, and storage areas. 
z. Equipment deliveries and priorities. 
aa. First aid. 
bb. Security. 
cc. Progress cleaning. 

3. Minutes: General Contractor will record and distribute meeting minutes. 

C. Pre-installation Conferences: Conduct a pre-installation conference at Project site before each construction 
activity when required by other sections and when required for coordination with other construction. 
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1. Attendees: Installer and representatives of manufacturers and fabricators involved in or affected by the 
installation and its coordination or integration with other materials and installations that have preceded 
or will follow, shall attend the meeting. Advise Architect of scheduled meeting dates. 

2. Agenda: Review progress of other construction activities and preparations for the particular activity 
under consideration, including requirements for the following: 

a. Contract Documents. 
b. Options. 
c. Related RFIs. 
d. Related Change Orders. 
e. Purchases. 
f. Deliveries. 
g. Submittals. 
h. Sustainable design requirements. 
i. Review of mockups. 
j. Possible conflicts. 
k. Compatibility requirements. 
l. Time schedules. 
m. Weather limitations. 
n. Manufacturer's written instructions. 
o. Warranty requirements. 
p. Compatibility of materials. 
q. Acceptability of substrates. 
r. Temporary facilities and controls. 
s. Space and access limitations. 
t. Regulations of authorities having jurisdiction. 
u. Testing and inspecting requirements. 
v. Installation procedures. 
w. Coordination with other work. 
x. Required performance results. 
y. Protection of adjacent work. 
z. Protection of construction and personnel. 

3. Record significant conference discussions, agreements, and disagreements, including required 
corrective measures and actions. 

4. Reporting: Distribute minutes of the meeting to each party present and to other parties requiring 
information. 

5. Do not proceed with installation if the conference cannot be successfully concluded. Initiate whatever 
actions are necessary to resolve impediments to performance of the Work and reconvene the 
conference at earliest feasible date. 

D. Project Closeout Conference:  General Contractor to schedule and conduct a project closeout conference, at 
a time convenient to Owner and Architect, but no later than 10 days prior to the scheduled date of Substantial 
Completion. 

1. Conduct the conference to review requirements and responsibilities related to Project closeout. 
2. Attendees: Authorized representatives of Owner, Architect, and their consultants; Contractor and its 

superintendent; major subcontractors; suppliers; and other concerned parties shall attend the meeting. 
Participants at the meeting shall be familiar with Project and authorized to conclude matters relating to 
the Work. 

3. Agenda: Discuss items of significance that could affect or delay Project closeout, including the following: 

a. Preparation of Record Documents. 
b. Procedures required prior to inspection for Substantial Completion and for final inspection for 

acceptance. 
c. Procedures for completing and archiving web-based Project software site data files. 
d. Submittal of written warranties. 
e. Requirements for completing sustainable design documentation. 
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f. Requirements for preparing operations and maintenance data. 
g. Requirements for delivery of material samples, attic stock, and spare parts. 
h. Requirements for demonstration and training. 
i. Preparation of Contractor's punch list. 
j. Procedures for processing Applications for Payment at Substantial Completion and for final 

payment. 
k. Submittal procedures. 
l. Coordination of separate contracts. 
m. Owner's partial occupancy requirements. 
n. Installation of Owner's furniture, fixtures, and equipment. 
o. Responsibility for removing temporary facilities and controls. 

4. Minutes: Entity conducting meeting will record and distribute meeting minutes. 

E. Progress Meetings:  General Contractor to conduct progress meetings at weekly intervals. 

1. Coordinate dates of meetings with preparation of payment requests. 
2. Attendees: In addition to representatives of Owner and Architect, each contractor, subcontractor, 

supplier, and other entity concerned with current progress or involved in planning, coordination, or 
performance of future activities shall be represented at these meetings. All participants at the meeting 
shall be familiar with Project and authorized to conclude matters relating to the Work. 

3. Agenda: Review and correct or approve minutes of previous progress meeting. Review other items of 
significance that could affect progress. Include topics for discussion as appropriate to status of Project. 

a. Contractor's Construction Schedule: Review progress since the last meeting. Determine whether 
each activity is on time, ahead of schedule, or behind schedule, in relation to Contractor's 
construction schedule. Determine how construction behind schedule will be expedited; secure 
commitments from parties involved to do so. Discuss whether schedule revisions are required to 
ensure that current and subsequent activities will be completed within the Contract Time. 

1) Review schedule for next period. 

b. Review present and future needs of each entity present, including the following: 

1) Interface requirements. 
2) Sequence of operations. 
3) Resolution of BIM component conflicts. 
4) Status of submittals. 
5) Status of sustainable design documentation. 
6) Deliveries. 
7) Off-site fabrication. 
8) Access. 
9) Site use. 
10) Temporary facilities and controls. 
11) Progress cleaning. 
12) Quality and work standards. 
13) Status of correction of deficient items. 
14) Field observations. 
15) Status of RFIs. 
16) Status of Proposal Requests. 
17) Pending changes. 
18) Status of Change Orders. 
19) Pending claims and disputes. 
20) Documentation of information for payment requests. 

4. Minutes: General Contractor is responsible for conducting the meeting will record and distribute the 
meeting minutes to each party present and to parties requiring information. 
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a. Schedule Updating: Revise Contractor's construction schedule after each progress meeting 
where revisions to the schedule have been made or recognized. Issue revised schedule 
concurrently with the report of each meeting. 

F. Coordination Meetings:  General Contractor to conduct Project coordination meetings at weekly intervals. 
Project coordination meetings are in addition to specific meetings held for other purposes, such as progress 
meetings and pre-installation conferences. 

1. Attendees: Each contractor, subcontractor, supplier, and other entity concerned with current progress 
or involved in planning, coordination, or performance of future activities shall be represented at these 
meetings. All participants at the meetings shall be familiar with Project and authorized to conclude 
matters relating to the Work. 

2. Agenda: Review and correct or approve minutes of the previous coordination meeting. Review other 
items of significance that could affect progress. Include topics for discussion as appropriate to status of 
Project. 

a. Combined Contractor's Construction Schedule: Review progress since the last coordination 
meeting. Determine whether each contract is on time, ahead of schedule, or behind schedule, in 
relation to combined Contractor's construction schedule. Determine how construction behind 
schedule will be expedited; secure commitments from parties involved to do so. Discuss whether 
schedule revisions are required to ensure that current and subsequent activities will be completed 
within the Contract Time. 

b. Schedule Updating: Revise combined Contractor's construction schedule after each coordination 
meeting where revisions to the schedule have been made or recognized. Issue revised schedule 
concurrently with report of each meeting. 

c. Review present and future needs of each contractor present, including the following: 

1) Interface requirements. 
2) Sequence of operations. 
3) Resolution of BIM component conflicts. 
4) Status of submittals. 
5) Deliveries. 
6) Off-site fabrication. 
7) Access. 
8) Site use. 
9) Temporary facilities and controls. 
10) Work hours. 
11) Hazards and risks. 
12) Progress cleaning. 
13) Quality and work standards. 
14) Status of RFIs. 
15) Proposal Requests. 
16) Change Orders. 
17) Pending changes. 

3. Reporting: Record meeting results and distribute copies to everyone in attendance and to others affected 
by decisions or actions resulting from each meeting. 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 01 31 00 
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01 32 00 CONSTRUCTION PROGRESS DOCUMENTATION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other 
Division 01 Specification Sections, apply to this Section. 

B. The Secretary of the Interior’s Standards for the Treatment of Historic Properties with Guidelines for Preserving, 
Rehabilitating, Restoring, & Reconstructing Historic Buildings. 

1.2 SUMMARY 

A. Section includes administrative and procedural requirements for documenting the progress of construction 
during performance of the Work, including the following: 

1. Contractor's Construction Schedule. 
2. Construction schedule updating reports. 
3. Daily construction reports. 
4. Material location reports. 
5. Site condition reports. 
6. Unusual event reports. 

1.3 DEFINITIONS 

A. Activity: A discrete part of a project that can be identified for planning, scheduling, monitoring, and controlling 
the construction Project. Activities included in a construction schedule consume time and resources. 

1. Critical Activity: An activity on the critical path that must start and finish on the planned early start and 
finish times. 

2. Predecessor Activity: An activity that precedes another activity in the network. 
3. Successor Activity: An activity that follows another activity in the network. 

B. Cost Loading: The allocation of the schedule of values for completing an activity as scheduled. The sum of 
costs for all activities must equal the total Contract Sum. 

C. CPM: Critical path method, which is a method of planning and scheduling a construction project where activities 
are arranged based on activity relationships. Network calculations determine when activities can be performed 
and the critical path of Project. 

D. Critical Path: The longest connected chain of interdependent activities through the network schedule that 
establishes the minimum overall Project duration and contains no float. 

E. Event: The starting or ending point of an activity. 

F. Float: The measure of leeway in starting and completing an activity. 

1. Float time is not for the exclusive use or benefit of either Owner or Contractor, but is a jointly owned, 
expiring Project resource available to both parties as needed to meet schedule milestones and Contract 
completion date. 

2. Free float is the amount of time an activity can be delayed without adversely affecting the early start of 
the successor activity. 
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3. Total float is the measure of leeway in starting or completing an activity without adversely affecting the 
planned Project completion date. 

G. Resource Loading: The allocation of manpower and equipment necessary for completing an activity as 
scheduled. 

1.4 INFORMATIONAL SUBMITTALS 

A. Format for Submittals: Submit required submittals in the following format: 

1. Working electronic copy of schedule file, where indicated. 
2. PDF file. 
3. Paper copies, of sufficient size to display entire period or schedule, as required. 

B. Contractor's Construction Schedule: Initial schedule, of size required to display entire schedule for entire 
construction period. 

1. Submit a working digital copy of schedule, using software indicated, and labeled to comply with 
requirements for submittals. 

C. CPM Reports: Concurrent with CPM schedule, submit each of the following reports. Format for each activity in 
reports shall contain activity number, activity description, cost and resource loading, original duration, 
remaining duration, early start date, early finish date, late start date, late finish date, and total float in calendar 
days. 

1. Activity Report: List of activities sorted by activity number and then early start date, or actual start date 
if known. 

2. Logic Report: List of preceding and succeeding activities for each activity, sorted in ascending order by 
activity number and then by early start date, or actual start date if known. 

3. Total Float Report: List of activities sorted in ascending order of total float. 
4. Earnings Report: Compilation of Contractor's total earnings from the Notice to Proceed until most recent 

Application for Payment. 

D. Construction Schedule Updating Reports: Submit with Applications for Payment. 

E. Daily Construction Reports: Submit at weekly intervals. 

F. Material Location Reports: Submit at weekly intervals. 

G. Site Condition Reports: Submit at time of discovery of differing conditions. 

H. Unusual Event Reports: Submit at time of unusual event. 

1.5 QUALITY ASSURANCE 

A. Pre-scheduling Conference: Conduct conference at Project site to comply with requirements in Section 01 31 
00 "Project Management and Coordination." Review methods and procedures related to the preliminary 
construction schedule and Contractor's Construction Schedule, including, but not limited to, the following: 

1. Review software limitations and content and format for reports. 
2. Verify availability of qualified personnel needed to develop and update schedule. 
3. Discuss constraints, including work stages area separations interim milestones and partial Owner 

occupancy. 
4. Review delivery dates for Owner-furnished products. 
5. Review schedule for work of Owner's separate contracts. 
6. Review submittal requirements and procedures. 
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7. Review time required for review of submittals and resubmittals. 
8. Review requirements for tests and inspections by independent testing and inspecting agencies. 
9. Review time required for Project closeout and Owner startup procedures, including commissioning 

activities. 
10. Review and finalize list of construction activities to be included in schedule. 
11. Review procedures for updating schedule. 

1.6 COORDINATION 

A. Coordinate Contractor's Construction Schedule with the schedule of values, list of subcontracts, submittal 
schedule, progress reports, payment requests, and other required schedules and reports. 

1. Secure time commitments for performing critical elements of the Work from entities involved. 
2. Coordinate each construction activity in the network with other activities and schedule them in proper 

sequence. 

1.7 CONTRACTOR'S CONSTRUCTION SCHEDULE, GENERAL 

A. Computer Scheduling Software: Prepare schedules using current version of a program that has been 
developed specifically to manage construction schedules. 

1. Use scheduling software acceptable to Architect and Owner for current Windows operating system. 

B. Time Frame: Extend schedule from date established for the Notice to Proceed to date of final completion. 

1. Contract completion date shall not be changed by submission of a schedule that shows an early 
completion date, unless specifically authorized by Change Order. 

C. Activities: Treat each floor or separate area as a separate numbered activity for each main element of the 
Work. Comply with the following: 

1. Activity Duration: Define activities so no activity is longer than 20 days, unless specifically allowed by 
Architect. 

2. Procurement Activities: Include procurement process activities for the following long lead items and 
major items, requiring a cycle of more than 60 days, as separate activities in schedule. Procurement 
cycle activities include, but are not limited to, submittals, approvals, purchasing, fabrication, and delivery. 

a. HVAC equipment. 

3. Submittal Review Time: Include review and resubmittal times indicated in Section 01 33 00 "Submittal 
Procedures" in schedule. Coordinate submittal review times in Contractor's Construction Schedule with 
submittal schedule. 

4. Startup and Testing Time: Include no fewer than 5 days for startup and testing. 
5. Commissioning Time: Include no fewer than 5 days for commissioning. 
6. Substantial Completion: Indicate completion in advance of date established for Substantial Completion, 

and allow time for Architect's administrative procedures necessary for certification of Substantial 
Completion. 

7. Punch List and Final Completion: Include not more than 10 days for completion of punch list items and 
final completion. 

D. Constraints: Include constraints and work restrictions indicated in the Contract Documents and as follows in 
schedule, and show how the sequence of the Work is affected. 

1. Products Ordered in Advance: Include a separate activity for each product. Include delivery date 
indicated in Section 01 10 00 "Summary." Delivery dates indicated stipulate the earliest possible delivery 
date. 
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2. Work Restrictions: Show the effect of the following items on the schedule: 

a. Coordination with existing construction. 
b. Limitations of continued occupancies. 
c. Uninterruptible services. 
d. Partial occupancy before Substantial Completion. 
e. Use-of-premises restrictions. 
f. Provisions for future construction. 
g. Seasonal variations. 
h. Environmental control. 

3. Work Stages: Indicate important stages of construction for each major portion of the Work, including, 
but not limited to, the following: 

a. Subcontract awards. 
b. Submittals. 
c. Purchases. 
d. Mockups. 
e. Fabrication. 
f. Sample testing. 
g. Deliveries. 
h. Installation. 
i. Tests and inspections. 
j. Adjusting. 
k. Curing. 
l. Building flush-out. 
m. Startup and placement into final use and operation. 
n. Commissioning. 

4. Construction Areas: Identify each major area of construction for each major portion of the Work. Indicate 
where each construction activity within a major area must be sequenced or integrated with other 
construction activities to provide for the following: 

a. Structural completion. 
b. Temporary enclosure and space conditioning. 
c. Permanent space enclosure. 
d. Completion of mechanical installation. 
e. Completion of electrical installation. 
f. Substantial Completion. 

5. Other Constraints: As identified by Contractor after viewing the existing building and site. 

E. Milestones: Include milestones indicated in the Contract Documents in schedule, including, but not limited to, 
the Notice to Proceed, Substantial Completion, and final completion 

1. Temporary enclosure and space conditioning. 

F. Cost Correlation: Superimpose a cost correlation timeline, indicating planned and actual costs. On the line, 
show planned and actual dollar volume of the Work performed as of planned and actual dates used for 
preparation of payment requests. 

1. See Section 01 29 00 "Payment Procedures" for cost reporting and payment procedures. 

G. Upcoming Work Summary: Prepare summary report indicating activities scheduled to occur or commence prior 
to submittal of next schedule update. Summarize the following issues: 

1. Unresolved issues. 
2. Unanswered Requests for Information. 
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3. Rejected or unreturned submittals. 
4. Notations on returned submittals. 
5. Pending modifications affecting the Work and the Contract Time. 

H. Contractor's Construction Schedule Updating: At weekly intervals, update schedule to reflect actual 
construction progress and activities. Issue schedule before each regularly scheduled progress meeting. 

1. Revise schedule immediately after each meeting or other activity where revisions have been recognized 
or made. Issue updated schedule concurrently with the report of each such meeting. 

2. Include a report with updated schedule that indicates every change, including, but not limited to, changes 
in logic, durations, actual starts and finishes, and activity durations. 

3. As the Work progresses, indicate final completion percentage for each activity. 

I. Recovery Schedule: When periodic update indicates the Work is 10 or more calendar days behind the current 
approved schedule, submit a separate recovery schedule indicating means by which Contractor intends to 
regain compliance with the schedule. Indicate changes to working hours, working days, crew sizes, equipment 
required to achieve compliance, and date by which recovery will be accomplished. 

J. Distribution: Distribute copies of approved schedule to Architect Owner, separate contractors, testing and 
inspecting agencies, and other parties identified by Contractor with a need-to-know schedule responsibility. 

1. Post copies in Project meeting rooms and temporary field offices. 
2. When revisions are made, distribute updated schedules to the same parties and post in the same 

locations. Delete parties from distribution when they have completed their assigned portion of the Work 
and are no longer involved in performance of construction activities. 

1.8 GANTT-CHART SCHEDULE REQUIREMENTS 

A. Gantt-Chart Schedule: Submit a comprehensive, fully developed, horizontal, Gantt-chart-type, Contractor's 
Construction Schedule within 5 days of date established for the Notice to Proceed. 

1. Base schedule on the startup construction schedule and additional information received since the start 
of Project. 

B. Preparation: Indicate each significant construction activity separately. Identify first workday of each week with 
a continuous vertical line. 

1. For construction activities that require three months or longer to complete, indicate an estimated 
completion percentage in Insert number percent increments within time bar. 

2. Critical Path Activities: Identify critical path activities, including those for interim completion dates. 
Scheduled start and completion dates shall be consistent with Contract milestone dates. 

1.9 REPORTS 

A. Daily Construction Reports: Prepare a daily construction report recording the following information concerning 
events at Project site: 

1. List of subcontractors at Project site. 
2. List of separate contractors at Project site. 
3. Approximate count of personnel at Project site. 
4. Equipment at Project site. 
5. Material deliveries. 
6. High and low temperatures and general weather conditions, including presence of rain or snow. 
7. Testing and inspection. 
8. Accidents. 
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9. Meetings and significant decisions. 
10. Unusual events. 
11. Stoppages, delays, shortages, and losses. 
12. Meter readings and similar recordings. 
13. Emergency procedures. 
14. Orders and requests of authorities having jurisdiction. 
15. Change Orders received and implemented. 
16. Construction Change Directives received and implemented. 
17. Services connected and disconnected. 
18. Equipment or system tests and startups. 
19. Partial completions and occupancies. 
20. Substantial Completions authorized. 

B. Material Location Reports: At weekly intervals, prepare and submit a comprehensive list of materials delivered 
to and stored at Project site. List shall be cumulative, showing materials previously reported plus items recently 
delivered. Include with list a statement of progress on and delivery dates for materials or items of equipment 
fabricated or stored away from Project site. Indicate the following categories for stored materials: 

1. Material stored prior to previous report and remaining in storage. 
2. Material stored prior to previous report and since removed from storage and installed. 
3. Material stored following previous report and remaining in storage. 

C. Site Condition Reports: Immediately on discovery of a difference between site conditions and the Contract 
Documents, prepare and submit a detailed report. Submit with a Request for Information. Include a detailed 
description of the differing conditions, together with recommendations for changing the Contract Documents. 

D. Unusual Event Reports: When an event of an unusual and significant nature occurs at Project site, whether or 
not related directly to the Work, prepare and submit a special report. List chain of events, persons participating, 
responses by Contractor's personnel, evaluation of results or effects, and similar pertinent information. Advise 
Owner in advance when these events are known or predictable. 

1. Submit unusual event reports directly to Owner within one day(s) of an occurrence. Distribute copies of 
report to parties affected by the occurrence. 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 01 32 00 
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01 32 33 PHOTOGRAPHIC DOCUMENTATION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other 
Division 01 Specification Sections, apply to this Section. 

B. The Secretary of the Interior’s Standards for the Treatment of Historic Properties with Guidelines for 
Preserving, Rehabilitating, Restoring, & Reconstructing Historic Buildings. 

1.2 SUMMARY 

A. Section includes administrative and procedural requirements for the following: 

1. Pre-construction photographs and video. 
2. Periodic construction photographs and video. 
3. Final completion construction photographs. 

B. Related Requirements: 

1. Section 01 33 00 "Submittal Procedures" for submitting photographic documentation. 
2. Section 01 77 00 "Closeout Procedures" for submitting photographic documentation as project record 

documents at Project closeout. 
3. Section 02 41 19 "Selective Demolition" for photographic documentation before selective demolition 

operations commence. 

1.3 INFORMATIONAL SUBMITTALS 

A. Key Plan: Submit key plan of Project site and building with notation of vantage points marked for location and 
direction of each photograph. Indicate elevation or story of construction. Include same information as 
corresponding photographic documentation. 

B. Digital Photographs: Submit image files within 3 days prior to project meetings. 

1. Digital Camera: Minimum sensor resolution of 8 megapixels. 
2. Format: Minimum 3200 by 2400 pixels, in unaltered original files, with same aspect ratio as the sensor, 

un-cropped, date and time stamped, in folder named by date of photograph, accompanied by key plan. 
3. Identification: Provide the following information with each image description in file metadata tag: 

a. Name of Project. 
b. Name of Contractor. 
c. Date photograph was taken. 
d. Description of vantage point, indicating location, direction (by compass point). 

4. Photo access corridor; walls, doors, floors, stairs, and ceilings prior to any construction activity. 
5. Photo staging area/room. 
6. Photo restrooms (without occupants). 

C. Contractor’s Option: Digital Video: Submit video prior to start of staging and construction. 

1. Video access corridor; walls, doors, floor, and ceiling prior to any construction activity. 
2. Video staging area/room. 
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3. Video restrooms (without occupants). 

D. A current “smart” phone (android or iOS) is acceptable for pictures and video. 

PART 2 - PRODUCTS  

2.1 PHOTOGRAPHIC MEDIA 

A. Digital Images: Provide images in JPG format, produced by a digital camera with minimum sensor size of 8 
megapixels, and at an image resolution of not less than 3200 by 2400 pixels. 

PART 3 - EXECUTION 

3.1 CONSTRUCTION PHOTOGRAPHS 

A. General: Take photographs using the maximum range of depth of field, and that are in focus, to clearly show 
the Work. Photographs with blurry or out-of-focus areas will not be accepted. 

1. Maintain key plan with each set of construction photographs that identifies each photographic location. 

B. Digital Images: Submit digital images exactly as originally recorded in the digital camera, without alteration, 
manipulation, editing, or modifications using image-editing software. 

1. Date and Time: Include date and time in file name for each image. 
2. Field Office Images: Maintain one set of images accessible in the field office at Project site, available at 

all times for reference. Identify images in the same manner as those submitted to Architect. 

C. Preconstruction Photographs: Before commencement of excavation, commencement of demolition, starting 
construction, take photographs of Project site and surrounding properties, including existing items to remain 
during construction, from different vantage points, as directed by Architect. 

1. Flag excavation areas and construction limits before taking construction photographs. 
2. Take a minimum of 20 photographs to show existing conditions adjacent to property before starting the 

Work. 
3. Take a minimum of 20 photographs of existing buildings either on or adjoining property to accurately 

record physical conditions at start of construction. 
4. Take additional photographs as required to record settlement or cracking of adjacent structures, 

pavements, and improvements. 

D. Periodic Construction Photographs: Take photographs weekly, with timing each month adjusted to coincide 
with the cutoff date associated with each Application for Payment. Select vantage points to show status of 
construction and progress since last photographs were taken. 

E. Architect-Directed Construction Photographs: From time to time, the Architect will instruct photographer 
about number and frequency of photographs and general directions on vantage points. Select actual vantage 
points and take photographs to show the status of construction and progress since last photographs. 

F. Final Completion Construction Photographs: Take color photographs after date of Substantial Completion for 
submission as project record documents. Architect will inform photographer of desired vantage points. 

END OF SECTION 01 32 33 
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01 33 00 SUBMITTAL PROCEDURES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other 
Division 01 Specification Sections, apply to this Section. 

B. The Secretary of the Interior’s Standards for the Treatment of Historic Properties with Guidelines for Preserving, 
Rehabilitating, Restoring, & Reconstructing Historic Buildings. 

1.2 SUMMARY 

A. Section Includes: 

1. Submittal schedule requirements. 
2. Administrative and procedural requirements for submittals. 

B. Related Requirements: 

1. Section 01 29 00 "Payment Procedures" for submitting Applications for Payment and the schedule of 
values. 

2. Section 01 31 00 "Project Management and Coordination" for submitting coordination drawings and 
subcontract list and for requirements for web-based Project software. 

3. Section 01 32 00 "Construction Progress Documentation" for submitting schedules and reports, 
including Contractor's construction schedule. 

4. Section 01 32 33 "Photographic Documentation" for submitting preconstruction photographs, periodic 
construction photographs, and final completion construction photographs. 

5. Section 01 40 00 "Quality Requirements" for submitting test and inspection reports, and schedule of 
tests and inspections. 

6. Section 01 77 00 "Closeout Procedures" for submitting closeout submittals and maintenance material 
submittals. 

7. Section 01 78 23 "Operation and Maintenance Data" for submitting operation and maintenance manuals. 
8. Section 01 78 39 "Project Record Documents" for submitting record Drawings, record Specifications, 

and record Product Data. 

1.3 DEFINITIONS 

A. Action Submittals: Written and graphic information and physical samples that require Architect's responsive 
action. Action submittals are those submittals indicated in individual Specification Sections as "action 
submittals." 

B. Informational Submittals: Written and graphic information and physical samples that do not require Architect's 
responsive action. Submittals may be rejected for not complying with requirements. Informational submittals 
are those submittals indicated in individual Specification Sections as "informational submittals." 

1.4 SUBMITTAL FORMATS 

A. Submittal Information: Include the following information in each submittal: 

1. Project name. 
2. Date. 
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3. Name of Architect. 
4. Name of Construction Manager. 
5. Name of Contractor. 
6. Name of firm or entity that prepared submittal. 
7. Names of subcontractor, manufacturer, and supplier. 
8. Unique submittal number, including revision identifier. Include Specification Section number with 

sequential alphanumeric identifier; and alphanumeric suffix for resubmittals. 
9. Category and type of submittal. 
10. Submittal purpose and description. 
11. Number and title of Specification Section, with paragraph number and generic name for each of multiple 

items. 
12. Drawing number and detail references, as appropriate. 
13. Indication of full or partial submittal. 
14. Location(s) where product is to be installed, as appropriate. 
15. Other necessary identification. 
16. Remarks. 
17. Signature of transmitter. 

B. Options: Identify options requiring selection by Architect. 

C. Deviations and Additional Information: On each submittal, clearly indicate deviations from requirements in the 
Contract Documents, including minor variations and limitations; include relevant additional information and 
revisions, other than those requested by Architect on previous submittals. Indicate by highlighting on each 
submittal or noting on attached separate sheet. 

D. PDF Submittals: Prepare submittals as PDF package, incorporating complete information into each PDF file. 
Name PDF file with submittal number. 

1.5 SUBMITTAL PROCEDURES 

A. Prepare and submit submittals required by individual Specification Sections. Types of submittals are indicated 
in individual Specification Sections. 

1. Email: Prepare submittals as PDF package, and transmit to Architect by sending via email. Include PDF 
transmittal form. Include information in email subject line as requested by Architect. 

a. Architect will return annotated file. Annotate and retain one copy of file as a digital Project Record 
Document file. 

B. Coordination: Coordinate preparation and processing of submittals with performance of construction activities. 

1. Coordinate each submittal with fabrication, purchasing, testing, delivery, other submittals, and related 
activities that require sequential activity. 

2. Submit all submittal items required for each Specification Section concurrently unless partial submittals 
for portions of the Work are indicated on approved submittal schedule. 

3. Submit action submittals and informational submittals required by the same Specification Section as 
separate packages under separate transmittals. 

4. Coordinate transmittal of submittals for related parts of the Work specified in different Sections so 
processing will not be delayed because of need to review submittals concurrently for coordination. 

a. Architect reserves the right to withhold action on a submittal requiring coordination with other 
submittals until related submittals are received. 

C. Processing Time: Allow time for submittal review, including time for resubmittals, as follows. Time for review 
shall commence on Architect's receipt of submittal. No extension of the Contract Time will be authorized 
because of failure to transmit submittals enough in advance of the Work to permit processing, including 
resubmittals. 
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1. Initial Review: Allow 15 days for initial review of each submittal. Allow additional time if coordination with 
subsequent submittals is required. Architect will advise Contractor when a submittal being processed 
must be delayed for coordination. 

2. Intermediate Review: If intermediate submittal is necessary, process it in same manner as initial 
submittal. 

3. Resubmittal Review: Allow 10 days for review of each resubmittal. 
4. Sequential Review: Where sequential review of submittals by Architect's consultants, Owner, or other 

parties is indicated, allow 21 days for initial review of each submittal. 

D. Resubmittals: Make resubmittals in same form and number of copies as initial submittal. 

1. Note date and content of previous submittal. 
2. Note date and content of revision in label or title block and clearly indicate extent of revision. 
3. Resubmit submittals until they are marked with approval notation from Architect's action stamp. 

E. Distribution: Furnish copies of final submittals to manufacturers, subcontractors, suppliers, fabricators, 
installers, authorities having jurisdiction, and others as necessary for performance of construction activities. 
Show distribution on transmittal forms. 

F. Use for Construction: Retain complete copies of submittals on Project site. Use only final action submittals that 
are marked with approval notation from Architect's action stamp. 

1.6 SUBMITTAL REQUIREMENTS 

A. Product Data: Collect information into a single submittal for each element of construction and type of product 
or equipment. 

1. If information must be specially prepared for submittal because standard published data are unsuitable 
for use, submit as Shop Drawings, not as Product Data. 

2. Mark each copy of each submittal to show which products and options are applicable. 
3. Include the following information, as applicable: 

a. Manufacturer's catalog cuts. 
b. Manufacturer's product specifications. 
c. Standard color charts. 
d. Statement of compliance with specified referenced standards. 
e. Testing by recognized testing agency. 
f. Application of testing agency labels and seals. 
g. Notation of coordination requirements. 
h. Availability and delivery time information. 

4. For equipment, include the following in addition to the above, as applicable: 

a. Wiring diagrams that show factory-installed wiring. 
b. Printed performance curves. 
c. Operational range diagrams. 
d. Clearances required to other construction, if not indicated on accompanying Shop Drawings. 

5. Submit Product Data before Shop Drawings, and before or concurrent with Samples. 

B. Shop Drawings: Prepare Project-specific information, drawn accurately to scale. Do not base Shop Drawings 
on reproductions of the Contract Documents or standard printed data. 

1. Preparation: Fully illustrate requirements in the Contract Documents. Include the following information, 
as applicable: 

a. Identification of products. 
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b. Schedules. 
c. Compliance with specified standards. 
d. Notation of coordination requirements. 
e. Notation of dimensions established by field measurement. 
f. Relationship and attachment to adjoining construction clearly indicated. 
g. Seal and signature of professional engineer if specified. 

C. Samples: Submit Samples for review of kind, color, pattern, and texture for a check of these characteristics 
with other materials. 

1. Transmit Samples that contain multiple, related components such as accessories together in one 
submittal package. 

2. Identification: Permanently attach label on unexposed side of Samples that includes the following: 

a. Project name and submittal number. 
b. Generic description of Sample. 
c. Product name and name of manufacturer. 
d. Sample source. 
e. Number and title of applicable Specification Section. 
f. Specification paragraph number and generic name of each item. 

 
3. Disposition: Maintain sets of approved Samples at Project site, available for quality-control comparisons 

throughout the course of construction activity. Sample sets may be used to determine final acceptance 
of construction associated with each set. 

a. Samples that may be incorporated into the Work are indicated in individual Specification Sections. 
Such Samples must be in an undamaged condition at time of use. 

b. Samples not incorporated into the Work, or otherwise designated as Owner's property, are the 
property of Contractor. 

4. Samples for Initial Selection: Submit manufacturer's color charts consisting of units or sections of units 
showing the full range of colors, textures, and patterns available. 

a. Number of Samples: Submit one full set(s) of available choices where color, pattern, texture, or 
similar characteristics are required to be selected from manufacturer's product line. Architect will 
return submittal with options selected. 

5. Samples for Verification: Submit full-size units or Samples of size indicated, prepared from same 
material to be used for the Work, cured and finished in manner specified, and physically identical with 
material or product proposed for use, and that show full range of color and texture variations expected. 
Samples include, but are not limited to, the following: partial sections of manufactured or fabricated 
components; small cuts or containers of materials; complete units of repetitively used materials; 
swatches showing color, texture, and pattern; color range sets; and components used for independent 
testing and inspection. 

a. Number of Samples: Submit three sets of Samples. Architect will retain one Sample sets; 
remainder will be returned. 

1) Submit a single Sample where assembly details, workmanship, fabrication techniques, 
connections, operation, and other similar characteristics are to be demonstrated. 

2) If variation in color, pattern, texture, or other characteristic is inherent in material or product 
represented by a Sample, submit at least three sets of paired units that show approximate 
limits of variations. 

D. Product Schedule: As required in individual Specification Sections, prepare a written summary indicating types 
of products required for the Work and their intended location. Include the following information in tabular form: 
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1. Type of product. Include unique identifier for each product indicated in the Contract Documents or 
assigned by Contractor if none is indicated. 

2. Manufacturer and product name, and model number if applicable. 
3. Number and name of room or space. 
4. Location within room or space. 

E. Qualification Data: Prepare written information that demonstrates capabilities and experience of firm or person. 
Include lists of completed projects with project names and addresses, contact information of architects and 
owners, and other information specified. 

F. Design Data: Prepare and submit written and graphic information indicating compliance with indicated 
performance and design criteria in individual Specification Sections. Include list of assumptions and summary 
of loads. Include load diagrams if applicable. Provide name and version of software, if any, used for 
calculations. Number each page of submittal. 

G. Certificates: 

1. Certificates and Certifications Submittals: Submit a statement that includes signature of entity 
responsible for preparing certification. Certificates and certifications shall be signed by an officer or other 
individual authorized to sign documents on behalf of that entity. Provide a notarized signature where 
indicated. 

2. Installer Certificates: Submit written statements on manufacturer's letterhead certifying that Installer 
complies with requirements in the Contract Documents and, where required, is authorized by 
manufacturer for this specific Project. 

3. Manufacturer Certificates: Submit written statements on manufacturer's letterhead certifying that 
manufacturer complies with requirements in the Contract Documents. Include evidence of manufacturing 
experience where required. 

4. Material Certificates: Submit written statements on manufacturer's letterhead certifying that material 
complies with requirements in the Contract Documents. 

5. Product Certificates: Submit written statements on manufacturer's letterhead certifying that product 
complies with requirements in the Contract Documents. 

6. Welding Certificates: Prepare written certification that welding procedures and personnel comply with 
requirements in the Contract Documents. Submit record of Welding Procedure Specification and 
Procedure Qualification Record on AWS forms. Include names of firms and personnel certified. 

H. Test and Research Reports: 

1. Compatibility Test Reports: Submit reports written by a qualified testing agency, on testing agency's 
standard form, indicating and interpreting results of compatibility tests performed before installation of 
product. Include written recommendations for primers and substrate preparation needed for adhesion. 

2. Field Test Reports: Submit written reports indicating and interpreting results of field tests performed 
either during installation of product or after product is installed in its final location, for compliance with 
requirements in the Contract Documents. 

3. Material Test Reports: Submit reports written by a qualified testing agency, on testing agency's standard 
form, indicating and interpreting test results of material for compliance with requirements in the Contract 
Documents. 

4. Preconstruction Test Reports: Submit reports written by a qualified testing agency, on testing agency's 
standard form, indicating and interpreting results of tests performed before installation of product, for 
compliance with performance requirements in the Contract Documents. 

5. Product Test Reports: Submit written reports indicating that current product produced by manufacturer 
complies with requirements in the Contract Documents. Base reports on evaluation of tests performed 
by manufacturer and witnessed by a qualified testing agency, or on comprehensive tests performed by 
a qualified testing agency. 

6. Research Reports: Submit written evidence, from a model code organization acceptable to authorities 
having jurisdiction, that product complies with building code in effect for Project. Include the following 
information: 

a. Name of evaluation organization. 
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b. Date of evaluation. 
c. Time period when report is in effect. 
d. Product and manufacturers' names. 
e. Description of product. 
f. Test procedures and results. 
g. Limitations of use. 

1.7 DELEGATED-DESIGN SERVICES 

A. Performance and Design Criteria: Where professional design services or certifications by a design professional 
are specifically required of Contractor by the Contract Documents, provide products and systems complying 
with specific performance and design criteria indicated. 

1. If criteria indicated are insufficient to perform services or certification required, submit a written request 
for additional information to Architect. 

B. Delegated-Design Services Certification: In addition to Shop Drawings, Product Data, and other required 
submittals, submit digitally signed PDF file and three paper copies of certificate, signed and sealed by the 
responsible design professional, for each product and system specifically assigned to Contractor to be 
designed or certified by a design professional. 

1. Indicate that products and systems comply with performance and design criteria in the Contract 
Documents. Include list of codes, loads, and other factors used in performing these services. 

1.8 CONTRACTOR'S REVIEW 

A. Action Submittals and Informational Submittals: Review each submittal and check for coordination with other 
Work of the Contract and for compliance with the Contract Documents. Note corrections and field dimensions. 
Mark with approval stamp before submitting to Architect. 

B. Contractor's Approval: Indicate Contractor's approval for each submittal with a uniform approval stamp. Include 
name of reviewer, date of Contractor's approval, and statement certifying that submittal has been reviewed, 
checked, and approved for compliance with the Contract Documents. 

1. Architect will not review submittals received from Contractor that do not have Contractor's review and 
approval. 

1.9 ARCHITECT'S AND CONSTRUCTION MANAGER'S REVIEW 

A. Action Submittals: Architect will review each submittal, indicate corrections or revisions required, and return it. 

1. PDF Submittals: Architect will indicate, via markup on each submittal, the appropriate action 

B. Informational Submittals: Architect will review each submittal and will not return it, or will return it if it does not 
comply with requirements. Architect will forward each submittal to appropriate party. 

C. Partial submittals prepared for a portion of the Work will be reviewed when use of partial submittals has 
received prior approval from Architect. 

D. Incomplete submittals are unacceptable, will be considered nonresponsive, and will be returned for resubmittal 
without review. 

E. Architect will discard submittals received from sources other than Contractor. 

F. Submittals not required by the Contract Documents will be returned by Architect without action. 
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PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 01 33 00 
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01 35 91 PROTECTION, SALVAGE, AND TREATMENT PROCEDURES FOR HISTORIC BUILDING 
MATERIALS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 
Division 01 Specification Sections, apply to this Section. 

B. The Secretary of the Interior’s Standards for the Treatment of Historic Properties with Guidelines for Preserving, 
Rehabilitating, Restoring, & Reconstructing Historic Buildings. 

 
 
1.2 SUMMARY 
 

A.  The Dangberg Home Ranch are contributing, character-defining structures in the National Register of Historic 
Places. As such the highest level of preservation of historic materials shall apply to all structures and the work 
of this contract. In addition to all other requirements, all work of this contract shall be performed in accordance 
with the Secretary of the Interior’s Standards for the Treatment of Historic Properties with Guidelines for 
Preserving, Rehabilitating, Restoring and Reconstructing Historic Buildings. 

 
B.  This Section includes general protection, salvage and treatment procedures for designated historic spaces, 

areas, and surfaces for the Project and the following specific work including, but not limited to, the following: 
 
1.  Repair and painting of exterior doors, windows, fascia, and soffits. 
2.  Repair and or replacement of lath and plaster ceilings. 
3.  Repoint brick masonry. 
5.  Repair of Entry Gateway column caps. 

 
D.  General Requirements: It shall be understood that the Work of this Section seeks to preserve the character of 

the historic building by leaving in place as much of the original materials as possible and, where removals are 
necessary, by saving historic building components, fixtures and fittings for subsequent reinstallation. 

 
 
1.3  REFERENCES  
 

A.  National Park Service Preservation Tech Note Number 2, Specifying Temporary Protection of Historic Interiors 
During Construction and Repair, by Dale H. Frens, AIA, 1993. 

 
B.  National Park Service Preservation Tech Note Number 3, Protecting a Historic Structure during Adjacent 

Construction, by Chad Randl, 2001. 
 
C.  NFPA 241, Standard for Safeguarding Building Construction and Demolition Operations, National Fire 

Protection Agency. 
 
 
1.4  DEFINITIONS 
 

A.  “Consolidate”: To strengthen loose or deteriorated materials in situ. 
 
B.  “Dismantle”: To disassemble and detach items by hand from existing construction to the limits indicated, using 

small hand tools and small one-hand power tools, so as to protect nearby historic surfaces; and legally dispose 
of dismantled items off-site, unless indicated to be salvaged or reinstalled. 
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C.  "Existing to Remain": Existing items that are not to be removed or dismantled. Take precautions to protect 
materials noted. 

 
D.  “Historic”: Spaces, areas, rooms, surfaces, materials, finishes, and overall appearance which are important to 

the successful preservation, rehabilitation, restoration, and reconstruction as determined by 
Architect/Engineer. The designation “HF” and words such as “historic,” “historic fabric,” “historic materials,” 
“historic building materials,” or words of similar meaning shall be understood to mean that the material or 
feature is considered to have aspects that require preservation and all work impacting the material or feature 
shall conform to the Secretary of the Interior’s Standards for the Treatment of Historic Properties. 

 
E.  "Historic Preservation Specialist" or “Conservator”: A person retained by the Owner to provide guidance for 

compliance with the Secretary of the Interior’s Standards for the Treatment of Historic Properties. 
 
F.  "In-Kind": Match existing in all physical and visual aspects including material, form, color, texture and 

workmanship. 
 
G.  “Match”: To blend with adjacent construction and manifest no apparent difference in material type, species, 

cut, form, detail, color, grain, texture or finish as approved by Architect/Engineer. 
 
H.  "Preserve": To apply measures necessary to sustain the existing form, integrity, and materials of a historic 

property. Work may include preliminary measures to protect and stabilize the property. 
 
I.  “Protect”: Take all necessary precautions to keep historic materials of the building from damage or injury. 

Provide temporary guards and covering as needed. Materials should be in the same condition and same 
location in the building upon completion of the project as when they were when the project began. 

 
J.  “Reconstruct”: To remove existing item, replicate damaged or missing components, and reinstall in original 

position. 
 
K.  “Refinish”: To remove existing finishes to base material and apply new finish to match original or as otherwise 

indicated. 
 
L.  “Reinstall”: To protect removed or dismantled item, repair and clean as indicated for reuse, and reinstall in 

original position, or where indicated. 
 
M.  "Remove": To detach or dismantle items from existing construction, label, package, and deliver them to Owner 

ready for reuse or storage, or as indicated for reinstallation. 
 
N.  "Repair": To correct damage and defects, retaining existing materials, features and finishes while employing 

little new material as possible. Includes patching, piecing-in, splicing, consolidating, or otherwise reinforcing or 
upgrading materials with appropriate and approved materials and methods. 

 
O.  “Replace”: To remove, duplicate, and reinstall entire item with new material. The original item is the pattern for 

creating duplicates unless noted otherwise. 
 
P.  “Replicate” or “Reproduce”: To fabricate a new item in exact detail, materials and finish to the original, and in 

either the same or similar material as the original, unless otherwise indicated. 
 
Q.  “Restore”: To consolidate, replicate, reproduce, repair, and refinish as required to achieve the indicated results. 
 
R.  “Retain”: To keep existing items that are not to be removed or dismantled. S. “Reversible”: New construction 

work, treatment, or processes that can be removed or undone in the future without damaging historic 
materials, unless otherwise indicated. 

 
T.  “Salvage”: To protect removed or dismantled items and deliver them to the Owner, ready for reuse as 

indicated. 
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U.  “Stabilize”: To provide structural reinforcement of unsafe or deteriorated items while maintaining the essential 
form as it exists at present; also, to reestablish a weather-resistant enclosure. 

 
V.  “Strip”: To remove existing finish down to base material, unless otherwise indicated.  

 
 
1.5  MATERIALS OWNERSHIP 
 

A.  Historic items, relics and similar objects including, but not limited to, cornerstones and their contents, 
commemorative plaques and tablets, ornamentation, antiques, and other items of interest or value to the 
Owner that may be encountered during removal and dismantling work remain the Owner’s property. Carefully 
dismantle and salvage each item or object as indicated. 

 
 
1.6  SUBMITTALS 
 

A.  Historic Treatment Program: Prepare a written plan for historic treatments for the Project, including each phase 
or process, including removal of historic materials, and protection of surrounding materials during operations. 
Describe in detail the materials, methods, and equipment to be used for each phase of work. Show compliance 
with indicated methods and procedures specified in this and other Sections. Include the following: 

 
1. Dust and Noise Control: Include locations of proposed temporary dust- and noise-control partitions. 

Coordinate with Egress Plan for means of egress from occupied areas with continuing on-site 
operations and other known work in progress. 

2. Debris Hauling: Include plans clearly marked to show debris hauling routes, turning radii, debris 
chutes if applicable, and locations and details of temporary protective barriers. 

 
B.  Construction Schedule for Historic Treatments: Indicate for entire Project the following for each activity to be 

performed in historic spaces, areas and rooms, and on historic surfaces: 
 
1. Detailed sequence of historic treatment work, with starting and ending dates, coordinated with 

Owner’s continuing operations and other known work in progress. 
2. Utility Services: Indicate how long utility services will be interrupted. Coordinate shutoff, capping, 

and continuation of utility services. 
3. Use of elevators and stairs. 
4. Coordination of Owner’s and other’s continuing occupancy of portions of existing building and of 

Owner’s partial occupancy of completed Work. 
5. Equipment data, if applicable: List gross loaded weight, axle-load distribution, and wheelbase 

dimension data for mobile and heavy equipment proposed for use. Do not use such equipment 
without Contractor’s professional engineer’s certification that the structure can support the imposed 
loadings without damage. 

 
C.  Protection Plan: 

 
1. Contractor shall prepare a Protection Plan. This Protection Plan shall provide for protection of all 

pivotal, primary and secondary elements and shall include: 
a. Types of protection to be employed, including detailed description of materials to be used 

and where they are to be used.  
b. Duration of protection for each location/application. 
c. Description of clean-up of historic fabric. 

 
2. Such Protection Plan shall be reviewed by the Historic Preservation Specialist and approved by the 

Architect/Engineer and the Owner. 
3. Contractor may propose temporary removal, packaging and storage of historic components, 

fixtures and fittings otherwise designated to remain (e.g., doors) as a means of protection. Any such 
proposal shall be accompanied by a removals plan, to be reviewed and approved by Owner prior to 
any temporary removal.  
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D.  Fire Prevention Plan: Prepare a written plan for preventing fires during the Work, including placement of fire 

extinguishers, fire blankets, rag buckets, and other fire-prevention devices during each phase or process. 
Coordinate plan with Owner’s fire-protection equipment and requirements. Include each fire watch’s training, 
duties, and authority to enforce fire safety. 

 
E.  Egress Plan: Prepare a written egress plan for the Project, including floor diagrams and other signage to be 

displayed during the Work. Revise egress plans as required throughout the Project for continued safe access 
of building occupants and workers. 

 
F.  Access Plan: Indicate methods and procedures for access, such as scaffolding, aerial lifts, ladders, etc. 

Coordinate with egress plan, use of elevators or stairs, and Owner’s continuing occupancy of all or portions of 
the building. Coordinate any disruptions of use in construction schedule. 

 
G. Removals Plan: Contractor shall produce a written Removals Plan that details procedures, materials and 

sequences of operations necessary to carefully remove, package, and store historic building components, 
fixtures and fittings. Such Removals Plan shall be reviewed by the Historic Preservation Specialist and 
approved by the A/E and Owner. The Removals Plan shall include procedures to assure a standard of care 
by each trade or type of removal to assure: 

 
1. Verification that historic items proposed for removal are properly documented prior to removal. 
2. Verification of proposed tagging and labeling measures. 
3. Verification of proposed packaging techniques and storage procedures. 
4. Verification that all historic and non-historic items removed have been documented by the 

Owner for storage or disposal prior to any materials being removed from the site. 
 
H.  Inventory of Salvaged Items: After removal or dismantling work is complete, submit a list of items that have 

been salvaged. 
 
I.  Preconstruction Documentation: Record existing conditions of historic materials, adjoining construction and 

site improvements. Include finish surfaces that might be misconstrued as damage, and where documentation 
is necessary for reconstruction or reinstallation. Coordinate with selective demolition operations. Document 
through photographs and/or video. 

 
J.  Project Record Documents: See Article 1.8 below for requirements. 
 

 
1.7  QUALITY ASSURANCE 
 

A.  Mockups: Prepare mockups of specific historic treatment procedures specified in this Section to demonstrate 
aesthetic effects and to set quality standards for materials and execution. 

 
1. Typical Removal Work: Location of wall area as shown on Drawings.  Remove an area of typical 

mortar repointing of an area approximately 25 square feet. 
2. Typical and/or Temporary Dismantling Work: Dismantle only as needed.  
3. Exploratory Dismantling and/or Removal: Perform in the presence of Architect/Engineer. 

a. Follow the procedure specified in “Historic Removal and Dismantling” Article. 
b. Continuation of the dismantling and/or removal may be suspended by Architect/Engineer for 

re-evaluation. 
 
4. Approval of mockups does not constitute approval of deviations from the Contract Documents 

contained in mockups unless Architect/Engineer specifically approves such deviations in writing. 
 
C.  Regulatory Requirements: Comply with notification regulations of authorities having jurisdiction before 

beginning removal and dismantling work. Comply with hauling and disposal regulations of authorities having 
jurisdiction. 
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D.  Standards: Comply with ANSI/ASSE A10.6. G. Historic Treatment Preconstruction Conference:  Conduct at 
Project Site. 

 
1. General: Review methods and procedures related to historic treatment including, but not limited to, 

the following: 
a. Review manufacturer’s written instructions for precautions and effects of historic treatment 

procedures on materials, components, and vegetation. 
b. Review and finalize historic treatment construction schedule. Verify availability of materials, 

equipment, and facilities needed to make progress and avoid delays. 
c. Review qualifications of personnel assigned to the work and assign duties. 
d. Review material application, work sequencing, tolerances, and required clearances. 
e. Review areas where existing construction is to remain and requires protection. 

 
2. Removal and Dismantling: 

a. Inspect and discuss condition of construction to be removed or dismantled. 
b. Review requirements of other work that relies on substrates exposed by removal and 

dismantling work.  
 
 
1.8  PROJECT RECORD DOCUMENTS 
 

A.  Keep accurate records and document the selective demolition and construction work related to historic 
materials, fixtures, and finishes throughout the Project. On-going photographic and descriptive documentation 
of affected historic materials is a requirement under this contract. General documentation procedures may be 
as follows: 

 
1. Photographic documentation of removed or dismantled items: 

a. Documentation shall clearly show the location of all historic fabric to be disturbed or removed 
from its original location in the structures, or in the landscape. 

b. Clearly label and log each item. Coordinate with the inventory of salvaged items. 
c. Document temporary protection, including covering or crates, and, if removed from Work 

area, note location of temporary storage.  
 
2. Photographic documentation, general: 

a. Mark historic fabric to be disturbed with alpha-numeric identification, unless already 
identified. 

b. Photograph prior to disturbing. 
c. Photograph as needed during the removal process. The number of photographs required is 

directly dependent upon the uniqueness of the feature, complexity of the work, and/or 
difficulties encountered. Coordinate with the Owner. 

d. Use digital camera technology and clearly label and log each item. All digital photographs 
shall be electronically date-stamped. Make hard copy prints of all digital images, in duplicate. 

e. Place photographs in approved file system at the jobsite, and send all digital images to the 
Owner’s representative. 

f. Make photographs available to construction personnel and the Owner. 
g. The use of digital cameras is authorized, provided photographs can be viewed at the jobsite, 

upon request, on a computer screen not smaller than 15” diagonal measure and 
photographic printing capabilities are provided. 

h. Make copies of all selected photographs available to the Owner for the Owner’s exclusive 
use. 

 
3. Descriptive records: 

a. The purpose for maintaining written records is to show, illustrate, or describe historic fabric, 
items, material, facilities, features, styles, and workmanship relating to a bygone era. 
Present or future historians must be able to evaluate, interpret, replicate, or restore all or 
portions of these structures and/or changes made to portions thereof. 
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b. Maintain a detailed written daily log describing work performed, difficulties encountered, and 
problems resolved as relates to the historic fabric of these structures and surrounding 
historic landscape. Included shall be descriptions of existing construction details, types of 
material, fasteners, and methods employed in the historic construction, and to what extent 
authorized changes were made. 

c. Included in the daily log shall be detailed dimensioned sketches/drawings as may be 
required to add meaning to the written and/or photographic log/records and to allow the 
Contractor to accurately reproduce the structures. The Owner may request certain specific 
sketches/drawings be made for inclusion into the written record. 

d. Maintain records in an approved file system at the jobsite and make such available to 
construction personnel and the Owner. 

 
4. At final acceptance, provide all records to the Owner assembled in the following format: 

a. Photographs shall be filed in three-ring binders, protected, and placed within clear 
polypropylene see-through archival print preservers, sized to match photograph size. Clearly 
label and number each photograph. Each three-ring binder shall have a descriptive 
photograph index for rapid locating of individual photographs within the binder. 

b. Digital images (and negatives if used) shall become the property of the Owner. (Place 
negatives into an approved file system, clearly labeled, dated, and sequenced for rapid 
identification and retrieval. Do not intermix negatives or separate from the sequences in 
which the photographs were taken.) 

c. Neatly typed descriptive records, sketches, and drawings shall be filed within three-ring 
binders or other approved filing/organizing system. File in a logical chronological manner, 
consistent with the order of actual work performed. Provide descriptive index for rapid 
location of records within filing system. 

d. Digital photographs shall be downloaded onto a CD. Additionally, a hard copy of each index 
shall be placed with each CD and a stick-on label placed on the outside of each CD jacket 
identifying the contents of each CD. B. Record Documents: Include modifications to 
manufacturer's written instructions and procedures, as documented in the historic treatment 
preconstruction conference and as the Work progresses.  

 
 
1.9  STORAGE AND PROTECTION OF HISTORIC MATERIALS 
 

A.  General: Protect all historic materials from general abuse, rough handling, tool marks, paint splattering, 
punctures, penetrations, saw marks, and related damage. 

 
B.  Removed or Dismantled and Salvaged Historic Materials: 

 
1. Clean only loose debris from salvaged historic items unless more extensive cleaning is indicated. 
2. Pack or crate items after cleaning; cushion against damage during handling. Label contents of 

containers. 
3. Store items in a secure area until delivery to Owner. 
4. Transport items to Owner’s storage area on-site. 
5. Protect items from damage during transport and storage. 
6. Do not dispose of items removed from existing construction without prior written consent of Owner. 

 
C.  Historic Materials for Reinstallation: 

 
1. Clean and repair historic items as indicated to functional condition adequate for intended reuse, 

using approved and specified materials and methods. 
2. Pack or crate items after cleaning and repairing; cushion against damage during handling. 

Label contents of containers. 
3. Protect items from damage during transport and storage. 
4. Reinstall items in locations indicated. Comply with installation requirements for new materials and 

equipment. Provide connections, supports, and miscellaneous materials necessary to make item 
functional for use indicated. 
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D.  Existing Historic Materials to Remain: Protect historic materials indicated to remain against damage and soiling 

during construction. When permitted by Owner, items may be dismantled and taken to a suitable, protected 
storage location during construction work, and reinstalled in their original locations after historic treatment 
construction in the vicinity is complete. 

 
E.  Storage and Protection: When taken from their existing locations, catalog and store historic materials within a 

weathertight enclosure where they are protected from wetting by rain, snow, condensation, or ground water, 
and temperature variations. Secure stored materials to protect from theft. 

 
1. Identify each item with a non-permanent mark to document its original location. Indicate original 

locations on plans, elevations, sections, or photographs by annotating the identifying marks. 
2. Stone and brick may be stored outside. Protect from freeze-thaw effects and vandalism.  

 
 
1.10  PROJECT CONDITIONS 
 

A.  General Size Limitation in Historic Spaces: Materials, products, and equipment used for performing the Work 
and for transporting debris, materials, and products shall be of sizes that clear surfaces within historic spaces, 
areas, rooms, and openings, including temporary protection, by 12 inches or more.  

 
B.  Owner will occupy portions of building immediately adjacent to removal and dismantling area. Conduct removal 

and dismantling work so Owner’s operations will not be disrupted 
 
C.  Conditions existing at time of inspection for bidding purpose will be maintained by the Owner as far as 

practical. 
 
D.  Notify Architect/Engineer of discrepancies between existing conditions and Drawings before proceeding with 

removal and dismantling work. 
 

E.  Hazardous Materials: Hazardous materials are present in construction affected by removal and dismantling 
work. A report on the presence of hazardous materials is on file for review and use. Examine report to become 
aware of locations where hazardous materials are present. 

 
1. If unanticipated asbestos is suspected, stop work in the area of potential hazard, shut off fans and 

other air handlers ventilating the area, and rope off area until the questionable material is identified. 
Re-assign workers to continue work in unaffected areas. Resume work in the area of concern after 
safe working conditions are verified. H. Storage or sale of removed or dismantled items on-site is 
not permitted unless otherwise indicated.  

 
 
PART 2 – PRODUCTS 
 
2.1  PROTECTION MATERIALS 
 

A.  General: 
 
1. Use materials specified, or as approved in Historic Treatment Plan. 
2. Do not use materials that will stain or leave residue on historic materials. 
3. Materials for protection shall be compatible with and disposed of in accordance with Section 01 74 

19, Construction Waste Management and Disposal. 
  
B.  Protection Materials: 

 
1. Polyethylene sheets: 4 mil., fire retardant. 
2. Lumber: Species to be selected by Contractor, sized to fit field conditions, FSC certified. 
3. Plywood: 3/4-in., FSC certified. 
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4. Preservation tape: Scotch 4811 by 3M. 
5. Safe-release tape: 3M Blue painter’s tape. 
6. Polyurethane foam sheets: 2 in. and 4 in. thick, as required. 
7. Polyester urethane foam: Ethafoam 220, 2 in. thick. 
8. Polyethylene foam sheets: Ethafoam 222 ½ in. thick and Volara 1/8 in. thick. 
9. Polyethylene sheeting: DuPont “Tyvek”, non-printed rolls (no labels).  
10. Or other materials acceptable to the Owner and Architect 

 
 
PART 3 - EXECUTION 
 
3.1  HISTORIC REMOVAL AND DISMANTLING EQUIPMENT 

 
A.  Removal Equipment: Use only hand-held tools except as follows or unless otherwise approved by 

Architect/Engineer on a case-by-case basis: 
 
B.  Dismantling Equipment: Use manual, hand-held tools, except as follows or otherwise approved by Architect on 

a case-by-case basis: 
 
1. Hand-held power tools and cutting torches are permitted only as submitted in the historic treatment 

program. They must be adjustable so as to penetrate or cut only the thickness of material being 
removed. 

2. Pry bars more than 18 inches (450 mm) long and hammers weighing more than 2 lb (0.9 kg) are not 
permitted for dismantling work.  

 
 
3.2  EXAMINATION 
 

A.  Prior to start of Work, examine each work area with the Owner and Architect/Engineer to determine with mutual 
agreement, which items, features, and materials are to be retained and protected. Physically and visibly mark 
such items, features, and materials as directed. Physically and visibly mark as directed such items, features, 
and materials as are mutually agreed to be removed and replaced with new materials. Carefully remove, label, 
document, catalog, and safely store original elements that are required to be retained, reinstalled, reused, or 
placed in long term storage.  

 
B.  Preparation for Removal and Dismantling: Examine construction to be removed or dismantled to determine best 

methods to safely and effectively perform removal and dismantling work. Examine adjacent work to determine 
what protective measures will be necessary. Make explorations, probes, and inquiries as necessary to 
determine condition of construction to be removed or dismantled and location of utilities and services to remain 
that may be hidden by construction that is to be removed or dismantled. 

 
1. Do not disturb sound original material, which is in place or is found at the site, unless specific 

agreements between the Owner and Architect/Engineer have been reached 
2. Verify that affected utilities have been disconnected and capped. 
3. Inventory and record the condition of items to be removed and dismantled for salvage or 

reinstallation. 
4. Before removal or dismantling of existing elements that will be reproduced or duplicated in final 

Work, make permanent record of measurements, materials, and construction details required to 
make exact reproductions. 

5. As required, engage a professional engineer to survey condition of building to determine whether 
removing any element might result in structural deficiency or unplanned collapse of any portion of 
structure or adjacent structures as a result of removal and dismantling work. 

 
C.  Survey of Existing Conditions: Record existing conditions by use of measured drawings, preconstruction 

photographs and preconstruction video. 
 
1. Comply with requirements specified in Division 01 Section “Photographic Documentation”. 
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2. Perform surveys as the Work progresses to detect hazards resulting from historic treatment 
procedures. 

 
D.  Bring any pre-existing damage to the attention of the Owner before proceeding with the installation of 

protection. Contractor shall document all such pre-existing damage, and shall be responsible for the cost of any 
repair of damage not documented prior to installation of protective material which is revealed upon removal of 
protection. 

 
1. In the event of new damage, inform Owner immediately and describe nature and extent of damage 

and proposed method of repair. Do not attempt repairs without an approved repair plan.  
 
 
3.3  PROTECTION, GENERAL 
 

A.  Comply with temporary barrier requirements in Division 01 Section “Temporary Facilities and Controls”. 
 
B.  Comply with manufacturer’s written instructions for precautions and effects of products and procedures on 

adjacent building materials, components, and vegetation. 
 
C.  Ensure that supervisory personnel are on-site and on duty when historic treatment work begins and during its 

progress. 
 
D.  Protect persons, motor vehicles, surrounding surfaces of building, building site, plants, and surrounding 

buildings from harm resulting from historic treatment procedures. 
 
1. Use only proven protection methods, appropriate to each area and surface being protected. 
2. Provide barricades, barriers, and temporary directional signage to exclude public from areas where 

historic treatment work is being performed 
3. Erect temporary protective covers over walkways and at points of pedestrian and vehicular entrance 

and exit that must remain in service during course of historic treatment Work.  
4. Contain dust and debris generated by removal and dismantling work and prevent it from reaching 

the public or adjacent surfaces. 
5. Provide shoring, bracing, and additional support as necessary. Do not overload structural elements. 
6. Protect floors and other surfaces in work areas and along routes of travel from damage, wear, and 

staining 
 
E.  Temporary Protection of Historic Materials: 

 
1. Protect existing materials during installation of temporary protections and construction. Do not 

deface or remove existing materials, unless indicated otherwise. 
2. Attachments of temporary protection to existing construction shall be reviewed by 

Architect/Engineer and approved by Owner prior to installation. Secure protection adequately to 
maintain safe environment for workers and other individuals using building. Do not attach protection 
materials directly to historic components, fixtures and fittings unless indicated otherwise. 

 
F.  Utility and Communications Services: 

 
1. Notify Owner, Architect/Engineer, authorities having jurisdiction, and entities owning or controlling 

wires, conduits, pipes, and other services affected by the historic treatment work before 
commencing operations. 

2. Disconnect and cap pipes and services as required by authorities having jurisdiction, as required for 
the historic treatment work. 

3. Maintain existing services unless otherwise indicated; keep in service, and protect against damage 
during operations. Provide temporary services during interruptions to existing utilities. 
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G.  Existing Drains: Prior to the start of work or any cleaning operations, test drains and other water removal 
systems to ensure that drains and systems are functioning properly. Notify Owner immediately of drains or 
systems that are stopped or blocked. Do not begin Work of this Section until the drains are in working order. 

 
1. Provide a method to prevent solids including stone or mortar residue from entering the drains or 

drain lines. Clean out drains and drain lines that become blocked or filled by sand or any other 
solids because of work performed under this Contract. 

2. Protect storm drains from pollutants. Block drains or filter out sediments, allowing only clean water 
to pass. 

 
H.  Existing Roofing: Prior to the start of work in an area, install roofing protection. 

 1.  Roofing to be protected from all scaffolding placed on roof.  The roof shall be repaired at no 
expense to the Owner if damaged by scaffolding and/or other construction operations. 

 
I.  Site Protection: Protect landscape work adjacent to or within work areas as follows. 

 
1. Provide barriers to protect tree trunks, and roots below tree canopies. 
2. Bind spreading shrubs. 
3. Use coverings that allow plants to breathe and remove coverings at the end of each day. Do not 

cover plant material with a waterproof membrane for more than 8 hours at a time. 
4. Set scaffolding and ladder legs away from plants. 
5. Do not allow storage of materials within the drip lines of trees. 

 
J.  Where automatic sprinkler system exists and is functional, maintain it without interruption while operations are 

being performed. If operations are performed close to automatic sprinkler heads, shield the individual heads 
temporarily with guards.  

 
 
3.4  PROTECTION DURING APPLICATION OF CHEMICALS 
 

A.  Comply with requirements in Division 1 Section "Temporary Facilities and Controls." 
 
B.  Protect persons, motor vehicles, surrounding surfaces of building being restored, building site, plants, and 

surrounding buildings from harm or damage resulting from applications of chemical cleaners and paint 
removers. 

 
C.  Cover adjacent surfaces with protective materials that are proven to resist chemical cleaners selected for 

Project unless chemicals being used will not damage adjacent surfaces as indicated in historic treatment 
program. Use covering materials and masking agents that are waterproof, UV-resistant, and will not stain or 
leave residue on surfaces to which they are applied. Apply protective materials according to manufacturer's 
written instructions. Do not apply liquid masking agents or adhesives to painted or porous surfaces. When no 
longer needed, promptly remove masking materials to prevent staining. 

 
D.  Do not apply chemicals during winds of sufficient force to spread them to unprotected surfaces. 
 
E.  Collect and dispose of runoff from chemical operations by legal means and in a manner that prevents soil 

contamination, soil erosion, undermining of paving and foundations, damage to landscaping, and water 
penetration into building interior. 

 
 
3.5  PROTECTION DURING USE OF HEAT-GENERATING EQUIPMENT 
 

A. General: Follow Project fire prevention plan, accepted industry standards, and the following provisions. 
 
B.  Heat-Generating Equipment and Combustible Materials: Comply with the following procedures while 

performing work with heat-generating equipment or highly combustible materials, including welding, torch-
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cutting, soldering, brazing, paint removal with heat, or other operations where open flames or implements 
utilizing high heat or combustible solvents and chemicals are anticipated. 

 
1. Prohibit the use of all tobacco products by personnel performing work on or near historic structures. 
2. Obtain Owner’s approval for operations involving use of open-flame or welding or other high-heat 

equipment. Notify Owner at least 72 hours before each occurrence, indicating location of such 
work. 

4. As far as practical, restrict heat-generating equipment to shop areas or outside the building. 
5. Do not perform work with heat-generating equipment in or near rooms or in areas where flammable 

liquids or explosive vapors are present or thought to be present. Use a combustible gas indicator 
test to ensure that the area is safe. 

6. Use fireproof baffles to prevent flames, sparks, hot gases, or other high-temperature material from 
reaching surrounding combustible material. 

7. Prevent the spread of sparks and particles of hot metal through open windows, doors, holes, and 
cracks in floors, walls, ceilings, roofs, and other openings. 

8. Fire Watch: Before working with heat-generating equipment or highly combustible materials, station 
personnel to serve as a fire watch at each location where such work is performed. Fire-watch 
personnel shall have the authority to enforce fire safety. Station fire watch according to NFPA 51B, 
NFPA 241, and as follows. 

a. Train each fire watch in the proper operation of fire-control equipment and alarms.  
b. Prohibit fire-watch personnel from other work that would be a distraction from fire watch 

duties. 
c. Cease work with heat-generating equipment whenever fire-watch personnel are not present. 
d. Have fire watch perform final fire-safety inspection each day beginning no sooner than 30 

minutes after conclusion of work at each area of Project site to detect hidden or smoldering 
fires and to ensure that proper fire-prevention is maintained. 

e. Maintain fire-watch personnel at each area of Project site until 60 minutes after conclusion of 
daily work. 

 
9. When heating equipment is required for construction, supply vented, self-contained, liquid-propane-

gas or fuel-oil heaters with individual space thermostatic controls. The use of gasoline-burning 
space heaters, or salamander-type heating units is prohibited. 

 
C.  Sprinklers: Where sprinkler protection exists and is functional, maintain system without interruption while Work 

is being performed. If operations are performed close to sprinkler heads or other components, shield 
temporarily with guards. 

 
1. Remove temporary guards at the end of work shifts, whenever operations are paused, and when 

nearby work is completed. 
 
D.  Fire Extinguishers and Fire Blankets: Furnish and maintain fire extinguishers and fire blankets at work areas. 

Maintain each as suitable for the type of fire risk in each work area. Ensure that nearby personnel and the fire 
watch are trained in fire-extinguisher and blanket operation. 

 
E.  Flammable Material Storage and Disposal: 

 
1. Store flammable liquids in approved, safety cans in small amounts. Store rags containing oils or 

solvents in covered metal containers. Clearly label all safety cans and containers. 
2. Any chemicals, liquids or compressed gases, and rags containing oils or solvents used on site shall 

be removed from the work area at the end of each work day, and stored in a separate protected 
area. 

F.  Clean-Up: Maintain the work area free of combustibles, including, rubbish, paper, waste, 
etc., within area of operations. 

 
1. Furnish and maintain rag buckets for disposal of rags with combustible liquids, oils or solvents. 
2. If combustible material cannot be removed, supply fireproof blankets to cover such materials. 
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3. Take precautions to avoid accidental spillage. Any spillage of liquid materials must be reported to 
the Owner immediately, and cleaned in the proper manner respective to the type of material 
discharged.  

 
 
3.6  HISTORIC TREATMENT, GENERAL 
 

A.  The principal aim of preservation work is to halt the process of deterioration and stabilize the item’s condition, 
unless otherwise indicated. Repair is required where specifically indicated. 
The following procedures shall be followed: 

 
1. Retain as much existing material as possible; repair and consolidate rather than replace. 
2. Use additional material or structure to reinforce, strengthen, prop, tie, and support existing material 

or structure. 
3. Use the gentlest means and methods available, and use reversible processes wherever possible.  
4. Use traditional replacement materials and techniques. New work shall be distinguishable to the 

trained eye, on close inspection, from old work. 
5. Use repair and replacement materials that match remaining historic construction in all physical and 

visual aspects including material, form, color, texture and workmanship, unless otherwise indicate. 
6. Record the work before the procedure with preconstruction photos and during the work with periodic 

construction photos. Photographic documentation is specified above. 
 
B.  Changes to distinctive interior materials, features, and spatial relationships shall be minimized. 
 
C.  Alterations shall not destroy historic materials or features. New work shall be compatible in material, features, 

size, scale, and proportion to the property and environment. 
 
1. New construction and materials shall be added in such a manner that, if removed in the future, the 

essential form and integrity of the historic materials would be unimpaired. 
 
D.  Obtain Architect/Engineer and Owner’s review and written approval before making changes or additions to 

construction or removing historic materials not indicated in the Project Documents. 
 
E.  Notify Owner’s Representative of visible changes in the integrity of material or components whether due to 

environmental causes including biological attack, UV degradation, freezing, or thawing; or due to structural 
defects including cracks, movement, or distortion. 

 
1. Do not proceed with the work in question until directed by Owner. 

 
F.  Where missing features are indicated to be repaired or replaced, provide features whose designs are based on 

accurate duplications rather than on conjectural designs, subject to the approval of Architect/Engineer and 
Owner. 

 
G.  Where Work requires existing features to be removed, cleaned, and reused, perform these operations without 

damage to the material itself, to adjacent materials, or to the substrate. 
 
H. Identify new or replacement materials and features with inconspicuous, permanent marks to distinguish them 

from original materials. Record the legend of identification marks and the locations of these marks on Record 
Drawings. 

 
I.  When cleaning, match samples of existing materials that have been cleaned and identified for acceptable 

cleaning levels. Avoid over-cleaning to prevent damage to existing materials during cleaning.  
 
 
3.7  HISTORIC REMOVAL AND DISMANTLING, GENERAL 
 

A.  Perform work according to the historic treatment program and approved mockups. 
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1. Provide supports or reinforcement for existing construction that becomes temporarily weakened by 

the Work, until the Work is completed. 
2. Perform cutting by hand or with small power tools wherever possible. Cut holes and slots neatly to 

size required. Avoid over-cuts and minimum disturbance of adjacent work. 
3. Do not operate air compressors inside building, unless approved by Owner in each case. 
4. Do not drill or cut columns, beams, joints, girders, structural slabs, or other structural supporting 

elements, without having Contractor’s professional engineer’s written approval for each location 
before such work is begun. 

 
B.  Water-Mist Sprinkling: Use water-mist sprinkling and other wet methods to control dust only with adequate, 

approved procedures and equipment that ensure that such water will not create a hazard or adversely affect 
other building areas or materials. Obtain prior approval of Architect/Engineer as some historic materials may 
be easily damaged by wet methods to control dust. 

 
C.  Unacceptable Equipment: Keep equipment that is not permitted for historic removal or dismantling work away 

from the vicinity where such work is being performed.  
 
 
3.8  SPECIAL REMOVAL PROCEDURES 
 

A.  General: Exercise extreme caution in removing historic elements and materials of any kind attached to historic 
elements that are indicated to remain. Proceed as follows: 

 
1. Use only dismantling tools and procedures specified above. 
2. Unfasten items to be removed, in the opposite order from which they were installed. 
3. Unbolt bolted connections. 
4. Unscrew screw connections. 
5. Support each item as it becomes loosened to prevent stress and damage to the historic surface. 
6. Do not pry apart members whose finish will be damaged by chipping, scratching, crazing, or 

cracking, or whose structural integrity will thereby be impaired. 
7. Do not use oversized power tools to remove wall or floor areas for installation of new equipment. 
8. Do not remove nails from woodwork from the finished or exposed side. Drive nails through or pull 

from back side such that the nail head does not splinter the finished face. 
9. When prying cannot be avoided, protect finished surfaces and materials scheduled to remain or be 

reinstalled. Use sacrificial wood blocks, surface protection such as carpeting or other approved 
means agreed to by the Owner. 

10. Utilize blocks, steel plates, or other approved methods to spread loads to larger areas, to avoid 
stone/flatwork damage. 

11. If the work cannot proceed without some limited damage to the historic fabric, then the Contractor 
and the Owner shall clearly define and mutually agree to all methods which may damage historic 
fabric, prior to proceeding with the work. The Owner or designated representative, reserves the 
right to reject inappropriate methods not in conformance with accepted and recognized historic 
preservation or rehabilitation standards and/or practices. 

12. When conflicts arise regarding what may constitute appropriate methods, the most restrictive 
method shall prevail. 

 
B.  Anchorages: 

 
1. Remove anchorages associated with removed items. 
2. Dismantle anchorages associated with dismantled items. 
3. In non-historic surfaces, patch holes created by anchorage removal or dismantling according to the 

requirements for new work, or as otherwise indicated. 
4. In historic surfaces, patch or repair holes created by anchorage removal or dismantling according 

to Section specific to the historic surface being patched, or as otherwise indicated. 
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3.9  BIRD, BAT, RAT EXCREMENT REMOVAL 
 

A.  General: Before disturbing accumulated excrement, employ a qualified industrial hygienist to perform tests, 
make recommendations, and observe the work. Follow procedures required by authorities having jurisdiction 
and recommended by industrial hygienist. 

 
1. Removing Excrement: 

a. Remove exterior excrement accumulations while building windows and other openings are 
closed or sealed off. 

b. Before removal, treat excrement to kill pathogens. Dampen excrement to prevent particles 
becoming airborne. 

c. Use only non-metallic tools such as plastic spatulas and brushes with natural fiber or nylon 
bristles. 

d. Collect excrement debris as it is removed and legally dispose of off-site. 
 
2. Removing Excrement Stain: Clean as required in section pertaining to substrate material. 

 
 
3.10  REMOVAL OF PROTECTION MATERIALS 
 

A.  Notify Owner at least one week prior to removal of protection. 
 
B.  Remove and dispose of all protective materials as directed and in accordance with Division 01 “Construction 

Waste Management and Disposal”. 
 
C.  Coordinate with Owner for observation and documentation of any damage which has occurred since the 

protection was installed. 
 
 
3.11  FINAL INSPECTION AND CLEAN UP 
 

A.  Coordinate with Owner for observation and documentation of any damage which has occurred since the 
protection was installed.  

 
B.  Perform final cleaning as specified. 
 
C.  Repair any damages occurred through the course of the Work at no additional cost to the Owner. 

END OF SECTION 01 35 91 
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01 40 00 QUALITY REQUIREMENTS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other 
Division 01 Specification Sections, apply to this Section. 

B. The Secretary of the Interior’s Standards for the Treatment of Historic Properties with Guidelines for Preserving, 
Rehabilitating, Restoring, & Reconstructing Historic Buildings. 

1.2 SUMMARY 

A. Section includes administrative and procedural requirements for quality assurance and quality control. 

B. Testing and inspection services are required to verify compliance with requirements specified or indicated. 
These services do not relieve Contractor of responsibility for compliance with the Contract Document 
requirements. 

1. Specific quality-assurance and quality-control requirements for individual work results are specified in 
their respective Specification Sections. Requirements in individual Sections may also cover production 
of standard products. 

2. Specified tests, inspections, and related actions do not limit Contractor's other quality-assurance and 
quality-control procedures that facilitate compliance with the Contract Document requirements. 

3. Requirements for Contractor to provide quality-assurance and quality-control services required by 
Architect, Owner, or authorities having jurisdiction are not limited by provisions of this Section. 

4. Specific test and inspection requirements are not specified in this Section. 

1.3 DEFINITIONS 

A. Experienced: When used with an entity or individual, "experienced" unless otherwise further described means 
having successfully completed a minimum of five previous projects similar in nature, size, and extent to this 
Project; being familiar with special requirements indicated; and having complied with requirements of 
authorities having jurisdiction. 

B. Field Quality-Control Tests: Tests and inspections that are performed on-site for installation of the Work and 
for completed Work. 

C. Installer/Applicator/Erector: Contractor or another entity engaged by Contractor as an employee, 
Subcontractor, or Sub-subcontractor, to perform a particular construction operation, including installation, 
erection, application, assembly, and similar operations. 

1. Use of trade-specific terminology in referring to a trade or entity does not require that certain construction 
activities be performed by accredited or unionized individuals, or that requirements specified apply 
exclusively to specific trade(s). 

D. Preconstruction Testing: Tests and inspections performed specifically for Project before products and materials 
are incorporated into the Work, to verify performance or compliance with specified criteria. 

E. Product Tests: Tests and inspections that are performed by a nationally recognized testing laboratory (NRTL) 
according to 29 CFR 1910.7, by a testing agency accredited according to NIST's National Voluntary Laboratory 
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Accreditation Program (NVLAP), or by a testing agency qualified to conduct product testing and acceptable to 
authorities having jurisdiction, to establish product performance and compliance with specified requirements. 

F. Source Quality-Control Tests: Tests and inspections that are performed at the source; for example, plant, mill, 
factory, or shop. 

G. Testing Agency: An entity engaged to perform specific tests, inspections, or both. Testing laboratory shall mean 
the same as testing agency. 

H. Quality-Assurance Services: Activities, actions, and procedures performed before and during execution of the 
Work to guard against defects and deficiencies and substantiate that proposed construction will comply with 
requirements. 

I. Quality-Control Services: Tests, inspections, procedures, and related actions during and after execution of the 
Work to evaluate that actual products incorporated into the Work and completed construction comply with 
requirements. Contractor's quality-control services do not include contract administration activities performed 
by Architect. 

J. Zero Punch List: Construction project that has no items to address at the project conclusion.  The overall goal 
to provide a construction project that is error free with the first installation based on standards set forth in the 
contract documents. 

1.4 DELEGATED-DESIGN SERVICES 

A. Performance and Design Criteria: Where professional design services or certifications by a design professional 
are specifically required of Contractor by the Contract Documents, provide products and systems complying 
with specific performance and design criteria indicated. 

1. If criteria indicated are not sufficient to perform services or certification required, submit a written request 
for additional information to Architect. 

1.5 CONFLICTING REQUIREMENTS 

A. Conflicting Standards and Other Requirements: If compliance with two or more standards or requirements are 
specified and the standards or requirements establish different or conflicting requirements for minimum 
quantities or quality levels, comply with the most stringent requirement. Refer conflicting requirements that are 
different, but apparently equal, to Architect for direction before proceeding. 

B. Minimum Quantity or Quality Levels: The quantity or quality level shown or specified shall be the minimum 
provided or performed. The actual installation may comply exactly with the minimum quantity or quality 
specified, or it may exceed the minimum within reasonable limits. To comply with these requirements, indicated 
numeric values are minimum or maximum, as appropriate, for the context of requirements. Refer uncertainties 
to Architect for a decision before proceeding. 

1.6 CONTRACTOR'S QUALITY-CONTROL PLAN 

A. Quality-Control Plan, General: Submit quality-control plan within 10 days of Notice to Proceed, and not less 
than five days prior to preconstruction conference. Submit in format acceptable to Architect. Identify personnel, 
procedures, controls, instructions, tests, records, and forms to be used to carry out Contractor's quality-
assurance and quality-control responsibilities. Coordinate with Contractor's Construction Schedule. 

B. Quality-Control Personnel Qualifications: Engage qualified personnel trained and experienced in managing 
and executing quality-assurance and quality-control procedures similar in nature and extent to those required 
for Project. 
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1. Project quality-control manager may also serve as Project superintendent. 

C. Submittal Procedure: Describe procedures for ensuring compliance with requirements through review and 
management of submittal process. Indicate qualifications of personnel responsible for submittal review. 

D. Testing and Inspection: In quality-control plan, include a comprehensive schedule of Work requiring testing or 
inspection, including the following: 

1. Contractor-performed tests and inspections including Subcontractor-performed tests and inspections. 
Include required tests and inspections and Contractor-elected tests and inspections. Distinguish source 
quality-control tests and inspections from field quality-control tests and inspections. 

2. Special inspections required by authorities having jurisdiction and indicated on the Statement of Special 
Inspections. 

3. Owner-performed tests and inspections indicated in the Contract Documents. 

E. Continuous Inspection of Workmanship: Describe process for continuous inspection during construction to 
identify and correct deficiencies in workmanship in addition to testing and inspection specified. Indicate types 
of corrective actions to be required to bring work into compliance with standards of workmanship established 
by Contract requirements and approved mockups. 

F. Monitoring and Documentation: Maintain testing and inspection reports including log of approved and rejected 
results. Include work Architect has indicated as nonconforming or defective. Indicate corrective actions taken 
to bring nonconforming work into compliance with requirements. Comply with requirements of authorities 
having jurisdiction. 

1.7 REPORTS AND DOCUMENTS 

A. Test and Inspection Reports: Prepare and submit certified written reports specified in other Sections. Include 
the following: 

1. Date of issue. 
2. Project title and number. 
3. Name, address, telephone number, and email address of testing agency. 
4. Dates and locations of samples and tests or inspections. 
5. Names of individuals making tests and inspections. 
6. Description of the Work and test and inspection method. 
7. Identification of product and Specification Section. 
8. Complete test or inspection data. 
9. Test and inspection results and an interpretation of test results. 
10. Record of temperature and weather conditions at time of sample taking and testing and inspection. 
11. Comments or professional opinion on whether tested or inspected Work complies with the Contract 

Document requirements. 
12. Name and signature of laboratory inspector. 
13. Recommendations on retesting and re-inspecting. 

B. Manufacturer's Technical Representative's Field Reports: Prepare written information documenting 
manufacturer's technical representative's tests and inspections specified in other Sections. Include the 
following: 

1. Name, address, telephone number, and email address of technical representative making report. 
2. Statement on condition of substrates and their acceptability for installation of product. 
3. Statement that products at Project site comply with requirements. 
4. Summary of installation procedures being followed, whether they comply with requirements and, if not, 

what corrective action was taken. 
5. Results of operational and other tests and a statement of whether observed performance complies with 

requirements. 
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6. Statement whether conditions, products, and installation will affect warranty. 
7. Other required items indicated in individual Specification Sections. 

C. Factory-Authorized Service Representative's Reports: Prepare written information documenting 
manufacturer's factory-authorized service representative's tests and inspections specified in other Sections. 
Include the following: 

1. Name, address, telephone number, and email address of factory-authorized service representative 
making report. 

2. Statement that equipment complies with requirements. 
3. Results of operational and other tests and a statement of whether observed performance complies with 

requirements. 
4. Statement whether conditions, products, and installation will affect warranty. 
5. Other required items indicated in individual Specification Sections. 

1.8 QUALITY ASSURANCE 

A. General: Qualifications paragraphs in this article establish the minimum qualification levels required; individual 
Specification Sections specify additional requirements. 

B. Manufacturer Qualifications: A firm experienced in manufacturing products or systems similar to those 
indicated for this Project and with a record of successful in-service performance, as well as sufficient production 
capacity to produce required units. As applicable, procure products from manufacturers able to meet 
qualification requirements, warranty requirements, and technical or factory-authorized service representative 
requirements. 

C. Fabricator Qualifications: A firm experienced in producing products similar to those indicated for this Project 
and with a record of successful in-service performance, as well as sufficient production capacity to produce 
required units. 

D. Installer Qualifications: A firm or individual experienced in installing, erecting, applying, or assembling work 
similar in material, design, and extent to that indicated for this Project, whose work has resulted in construction 
with a record of successful in-service performance. 

E. Professional Engineer Qualifications: A professional engineer who is legally qualified to practice in jurisdiction 
where Project is located and who is experienced in providing engineering services of the kind indicated. 
Engineering services are defined as those performed for installations of the system, assembly, or product that 
are similar in material, design, and extent to those indicated for this Project. 

F. Specialists: Certain Specification Sections require that specific construction activities shall be performed by 
entities who are recognized experts in those operations. Specialists shall satisfy qualification requirements 
indicated and shall be engaged for the activities indicated. 

1. Requirements of authorities having jurisdiction shall supersede requirements for specialists. 

G. Testing Agency Qualifications: An NRTL, an NVLAP, or an independent agency with the experience and 
capability to conduct testing and inspection indicated, as documented according to ASTM E 329; and with 
additional qualifications specified in individual Sections; and, where required by authorities having jurisdiction, 
that is acceptable to authorities. 

H. Manufacturer's Technical Representative Qualifications: An authorized representative of manufacturer who is 
trained and approved by manufacturer to observe and inspect installation of manufacturer's products that are 
similar in material, design, and extent to those indicated for this Project. 
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I. Factory-Authorized Service Representative Qualifications: An authorized representative of manufacturer who 
is trained and approved by manufacturer to inspect installation of manufacturer's products that are similar in 
material, design, and extent to those indicated for this Project. 

J. Preconstruction Testing: Where testing agency is indicated to perform preconstruction testing for compliance 
with specified requirements for performance and test methods, comply with the following: 

1. Contractor responsibilities include the following: 

a. Provide test specimens representative of proposed products and construction. 
b. Submit specimens in a timely manner with sufficient time for testing and analyzing results to 

prevent delaying the Work. 
c. Provide sizes and configurations of test assemblies, mockups, and laboratory mockups to 

adequately demonstrate capability of products to comply with performance requirements. 
d. Build site-assembled test assemblies and mockups using installers who will perform same tasks 

for Project. 
e. Build laboratory mockups at testing facility using personnel, products, and methods of 

construction indicated for the completed Work. 
f. When testing is complete, remove test specimens and test assemblies; do not reuse products on 

Project. 

2. Testing Agency Responsibilities: Submit a certified written report of each test, inspection, and similar 
quality-assurance service to Architect, with copy to Contractor. Interpret tests and inspections and state 
in each report whether tested and inspected work complies with or deviates from the Contract 
Documents. 

1.9 QUALITY CONTROL 

A. Owner Responsibilities: Where quality-control services are indicated as Owner's responsibility, Owner will 
engage a qualified testing agency to perform these services. 

1. Owner will furnish Contractor with names, addresses, and telephone numbers of testing agencies 
engaged and a description of types of testing and inspection they are engaged to perform. 

2. Payment for these services will be made from testing and inspection allowances, as authorized by 
Change Orders. 

3. Costs for retesting and re-inspecting construction that replaces or is necessitated by work that failed to 
comply with the Contract Documents will be charged to Contractor. 

B. Contractor Responsibilities: Tests and inspections not explicitly assigned to Owner are Contractor's 
responsibility. Perform additional quality-control activities, whether specified or not, to verify and document that 
the Work complies with requirements. 

1. Unless otherwise indicated, provide quality-control services specified and those required by authorities 
having jurisdiction. Perform quality-control services required of Contractor by authorities having 
jurisdiction, whether specified or not. 

2. Engage a qualified testing agency to perform quality-control services. 

a. Contractor shall not employ same entity engaged by Owner, unless agreed to in writing by Owner. 

3. Notify testing agencies at least 24 hours in advance of time when Work that requires testing or inspection 
will be performed. 

4. Where quality-control services are indicated as Contractor's responsibility, submit a certified written 
report, in duplicate, of each quality-control service. 

5. Testing and inspection requested by Contractor and not required by the Contract Documents are 
Contractor's responsibility. 
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6. Submit additional copies of each written report directly to authorities having jurisdiction, when they so 
direct. 

C. Retesting/Re-inspecting: Regardless of whether original tests or inspections were Contractor's responsibility, 
provide quality-control services, including retesting and re-inspecting, for construction that replaced Work that 
failed to comply with the Contract Documents. 

D. Testing Agency Responsibilities: Cooperate with Architect and Contractor in performance of duties. Provide 
qualified personnel to perform required tests and inspections. 

1. Notify Architect and Contractor promptly of irregularities or deficiencies observed in the Work during 
performance of its services. 

2. Determine the locations from which test samples will be taken and in which in-situ tests are conducted. 
3. Conduct and interpret tests and inspections and state in each report whether tested and inspected work 

complies with or deviates from requirements. 
4. Submit a certified written report, in duplicate, of each test, inspection, and similar quality-control service 

through Contractor. 
5. Do not release, revoke, alter, or increase the Contract Document requirements or approve or accept any 

portion of the Work. 
6. Do not perform duties of Contractor. 

E. Manufacturer's Field Services: Where indicated, engage a factory-authorized service representative to inspect 
field-assembled components and equipment installation, including service connections. Report results in 
writing as specified in Section 01 33 00 "Submittal Procedures." 

F. Manufacturer's Technical Services: Where indicated, engage a manufacturer's technical representative to 
observe and inspect the Work. Manufacturer's technical representative's services include participation in pre-
installation conferences, examination of substrates and conditions, verification of materials, observation of 
Installer activities, inspection of completed portions of the Work, and submittal of written reports. 

G. Associated Contractor Services: Cooperate with agencies and representatives performing required tests, 
inspections, and similar quality-control services, and provide reasonable auxiliary services as requested. Notify 
agency sufficiently in advance of operations to permit assignment of personnel. Provide the following: 

1. Access to the Work. 
2. Incidental labor and facilities necessary to facilitate tests and inspections. 
3. Adequate quantities of representative samples of materials that require testing and inspection. Assist 

agency in obtaining samples. 
4. Facilities for storage and field curing of test samples. 
5. Delivery of samples to testing agencies. 
6. Preliminary design mix proposed for use for material mixes that require control by testing agency. 
7. Security and protection for samples and for testing and inspection equipment at Project site. 

H. Coordination: Coordinate sequence of activities to accommodate required quality-assurance and quality-
control services with a minimum of delay and to avoid necessity of removing and replacing construction to 
accommodate testing and inspection. 

1. Schedule times for tests, inspections, obtaining samples, and similar activities. 

I. Schedule of Tests and Inspections: Prepare a schedule of tests, inspections, and similar quality-control 
services required by the Contract Documents as a component of Contractor's quality-control plan. Coordinate 
and submit concurrently with Contractor's Construction Schedule. Update as the Work progresses. 

1. Distribution: Distribute schedule to Owner, Architect, testing agencies, and each party involved in 
performance of portions of the Work where tests and inspections are required. 
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1.10 SPECIAL TESTS AND INSPECTIONS 

A. Special Tests and Inspections:  Owner will engage a qualified testing agency and/or special inspector to 
conduct special tests and inspections required by authorities having jurisdiction as the responsibility of Owner, 
and as follows: 

1. Verifying that manufacturer maintains detailed fabrication and quality-control procedures and reviewing 
the completeness and adequacy of those procedures to perform the Work. 

2. Notifying Architect and Contractor promptly of irregularities and deficiencies observed in the Work during 
performance of its services. 

3. Submitting a certified written report of each test, inspection, and similar quality-control service to 
Architect with copy to Contractor and to authorities having jurisdiction. 

4. Submitting a final report of special tests and inspections at Substantial Completion, which includes a list 
of unresolved deficiencies. 

5. Interpreting tests and inspections and stating in each report whether tested and inspected work complies 
with or deviates from the Contract Documents. 

6. Retesting and re-inspecting corrected work. 

B. Special Tests and Inspections: Conducted by a qualified testing agency and/or special inspector as required 
by authorities having jurisdiction, as indicated in individual Specification Sections, and as follows: 

1. Verifying that manufacturer maintains detailed fabrication and quality-control procedures and reviewing 
the completeness and adequacy of those procedures to perform the Work. 

2. Notifying Architect and Contractor promptly of irregularities and deficiencies observed in the Work during 
performance of its services. 

3. Submitting a certified written report of each test, inspection, and similar quality-control service to 
Architect with copy to Contractor and to authorities having jurisdiction. 

4. Submitting a final report of special tests and inspections at Substantial Completion, which includes a list 
of unresolved deficiencies. 

5. Interpreting tests and inspections and stating in each report whether tested and inspected work complies 
with or deviates from the Contract Documents. 

6. Retesting and re-inspecting corrected work. 

1.11 ZERO-PUNCH LIST 

A. It is the General Contractor’s responsibility for planning, communication, execution, and management of the 
zero-punch list goal.  It involves the Construction Team, Design Team, Owner, and other Stakeholders. 

 
1. It is understood that construction deficiencies are the result of a failed quality control process and that 

correction involves identification of the deficiency, evaluation, and correction.  It is imperative that this 
process does not delay construction progress and becomes an integral part of the construction process 
and quality control process by the contractor(s). 

2. It is important to define acceptance criteria early in the process.  Quality standards are often defined in 
the drawings, specifications, agency standards, codes, etc.  At the start of the project the Contractor 
shall bring to the attention of the Owner and Architect areas that may need clarification for quality 
expectations.  By establishing this benchmark, the entire team will understand the expectations and 
standards for quality required for the Contractor going forward. 

B. Recommended zero-punch list practices include: 
 

1. Keeping a “rolling punch list” for constant review, tracking, and verification of the work being performed 
throughout the duration of the project coupled with a rigid closeout schedule assigned to each task.  
Address rolling punch list items daily. 

2. Provide a process or checklist designed for quality verification of completed and installed work and set 
a specific schedule for the frequency of confirmation. 
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3. Assign the management of the zero-punch list to a single, responsible employee and ensure they have 
the authority and skill to meet the task and execute as necessary. 

4. Immediately start processing and building final O&M manuals, start-up documents, and closeout 
documents upon final submittal reviews. 

5. Provide updates to the Sub-Contractors, Owner, and Design Team during the entire construction 
process.  Schedule walk-throughs and review at each stage of the construction process and identify 
potential issues and suggest possible solutions.  Updates may occur during Contractor-Sub-Contractor 
meetings and Owner/Architect/Contractor meetings. 

6. Encourage transparent dialogue among all contractors, sub-contractors, design team, owners, and other 
stakeholders to point out possible deficiencies or needed corrections of the work. 

7. Do not accept incomplete work or poor workmanship that may negatively affect other work or create 
deficiencies that will require correction.  

8. Be on the lookout for patterns.  One way to preemptively minimize punch list items is to look for systemic 
patterns that may be causing issues on the project.  Noticing and correcting problematic patterns early 
on will greatly minimize project deficiencies.  

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION 

3.1 TEST AND INSPECTION LOG 

A. Test and Inspection Log: Prepare a record of tests and inspections. Include the following: 

1. Date test or inspection was conducted. 
2. Description of the Work tested or inspected. 
3. Date test or inspection results were transmitted to Architect. 
4. Identification of testing agency or special inspector conducting test or inspection. 

B. Maintain log at Project site. Post changes and revisions as they occur. Provide access to test and inspection 
log for Architect's reference during normal working hours. 

1. Submit log at Project closeout as part of Project Record Documents. 

3.2 REPAIR AND PROTECTION 

A. General: On completion of testing, inspection, sample taking, and similar services, repair damaged 
construction and restore substrates and finishes. 

1. Provide materials and comply with installation requirements specified in other Specification Sections or 
matching existing substrates and finishes. Restore patched areas and extend restoration into adjoining 
areas with durable seams that are as invisible as possible. Comply with the Contract Document 
requirements for cutting and patching in Section 01 73 00 "Execution." 

B. Protect construction exposed by or for quality-control service activities. 

C. Repair and protection are Contractor's responsibility, regardless of the assignment of responsibility for quality-
control services.                         END OF SECTION 01 40 00 
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01 42 00 REFERENCES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other 
Division 01 Specification Sections, apply to this Section. 

B. The Secretary of the Interior’s Standards for the Treatment of Historic Properties with Guidelines for Preserving, 
Rehabilitating, Restoring, & Reconstructing Historic Buildings. 

1.2 DEFINITIONS 

A. General: Basic Contract definitions are included in the Conditions of the Contract. 

B. "Approved": When used to convey Architect's action on Contractor's submittals, applications, and requests, 
"approved" is limited to Architect's duties and responsibilities as stated in the Conditions of the Contract. 

C. "Directed": A command or instruction by Architect. Other terms including "requested," "authorized," "selected," 
"required," and "permitted" have the same meaning as "directed." 

D. "Indicated": Requirements expressed by graphic representations or in written form on Drawings, in 
Specifications, and in other Contract Documents. Other terms including "shown," "noted," "scheduled," and 
"specified" have the same meaning as "indicated." 

E. "Regulations": Laws, ordinances, statutes, and lawful orders issued by authorities having jurisdiction, and rules, 
conventions, and agreements within the construction industry that control performance of the Work. 

F. "Furnish": Supply and deliver to Project site, ready for unloading, unpacking, assembly, installation, and similar 
operations. 

G. "Install": Unload, temporarily store, unpack, assemble, erect, place, anchor, apply, work to dimension, finish, 
cure, protect, clean, and similar operations at Project site. 

H. "Provide": Furnish and install, complete and ready for the intended use. 

I. "Project Site": Space available for performing construction activities. The extent of Project site is shown on 
Drawings and may or may not be identical with the description of the land on which Project is to be built. 

1.3 INDUSTRY STANDARDS 

A. Applicability of Standards: Unless the Contract Documents include more stringent requirements, applicable 
construction industry standards have the same force and effect as if bound or copied directly into the Contract 
Documents to the extent referenced. Such standards are made a part of the Contract Documents by reference. 

B. Publication Dates: Comply with standards in effect as of date of the Contract Documents unless otherwise 
indicated. 

C. Copies of Standards: Each entity engaged in construction on Project should be familiar with industry standards 
applicable to its construction activity. Copies of applicable standards are not bound with the Contract 
Documents. 
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1. Where copies of standards are needed to perform a required construction activity, obtain copies directly 
from publication source. 

1.4 ABBREVIATIONS AND ACRONYMS 

A. Industry Organizations: Where abbreviations and acronyms are used in Specifications or other Contract 
Documents, they shall mean the recognized name of the entities indicated in Gale's "Encyclopedia of 
Associations: National Organizations of the U.S." or in Columbia Books' "National Trade & Professional 
Associations of the United States." 

B. Industry Organizations: Where abbreviations and acronyms are used in Specifications or other Contract 
Documents, they shall mean the recognized name of the entities in the following list. This information is subject 
to change and is believed to be accurate as of the date of the Contract Documents. 

1. AABC - Associated Air Balance Council; www.aabc.com. 
2. AAMA - American Architectural Manufacturers Association; www.aamanet.org. 
3. AAPFCO - Association of American Plant Food Control Officials; www.aapfco.org. 
4. AASHTO - American Association of State Highway and Transportation Officials; www.transportation.org. 
5. AATCC - American Association of Textile Chemists and Colorists; www.aatcc.org. 
6. ABMA - American Bearing Manufacturers Association; www.americanbearings.org. 
7. ABMA - American Boiler Manufacturers Association; www.abma.com. 
8. ACI - American Concrete Institute; (Formerly: ACI International); www.concrete.org 
9. ACPA - American Concrete Pipe Association; www.concrete-pipe.org. 
10. AEIC - Association of Edison Illuminating Companies, Inc. (The); www.aeic.org. 
11. AF&PA - American Forest & Paper Association; www.afandpa.org. 
12. AGA - American Gas Association; www.aga.org. 
13. AHAM - Association of Home Appliance Manufacturers; www.aham.org. 
14. AHRI - Air-Conditioning, Heating, and Refrigeration Institute (The); www.ahrinet.org. 
15. AI - Asphalt Institute; www.asphaltinstitute.org. 
16. AIA - American Institute of Architects (The); www.aia.org. 
17. AISC - American Institute of Steel Construction; www.aisc.org. 
18. AISI - American Iron and Steel Institute; www.steel.org. 
19. AITC - American Institute of Timber Construction; www.aitc-glulam.org. 
20. AMCA - Air Movement and Control Association International, Inc.; www.amca.org. 
21. ANSI - American National Standards Institute; www.ansi.org. 
22. AOSA - Association of Official Seed Analysts, Inc.; www.aosaseed.com. 
23. APA - APA - The Engineered Wood Association; www.apawood.org. 
24. APA - Architectural Precast Association; www.archprecast.org. 
25. API - American Petroleum Institute; www.api.org. 
26. ARI - Air-Conditioning & Refrigeration Institute; (See AHRI). 
27. ARI - American Refrigeration Institute; (See AHRI). 
28. ARMA - Asphalt Roofing Manufacturers Association; www.asphaltroofing.org. 
29. ASCE - American Society of Civil Engineers; www.asce.org. 
30. ASCE/SEI - American Society of Civil Engineers/Structural Engineering Institute; (See ASCE). 
31. ASHRAE - American Society of Heating, Refrigerating and Air-Conditioning Engineers; www.ashrae.org. 
32. ASME - ASME International; (American Society of Mechanical Engineers); www.asme.org. 
33. ASSE - American Society of Safety Engineers (The); www.asse.org. 
34. ASSE - American Society of Sanitary Engineering; www.asse-plumbing.org. 
35. ASTM - ASTM International; www.astm.org. 
36. ATIS - Alliance for Telecommunications Industry Solutions; www.atis.org. 
37. AWEA - American Wind Energy Association; www.awea.org. 
38. AWI - Architectural Woodwork Institute; www.awinet.org. 
39. AWMAC - Architectural Woodwork Manufacturers Association of Canada; www.awmac.com. 
40. AWPA - American Wood Protection Association; www.awpa.com. 
41. AWS - American Welding Society; www.aws.org. 
42. AWWA - American Water Works Association; www.awwa.org. 
43. BHMA - Builders Hardware Manufacturers Association; www.buildershardware.com. 
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44. BIA - Brick Industry Association (The); www.gobrick.com. 
45. BICSI - BICSI, Inc.; www.bicsi.org. 
46. BIFMA - BIFMA International; (Business and Institutional Furniture Manufacturer's Association); 

www.bifma.org. 
47. BISSC - Baking Industry Sanitation Standards Committee; www.bissc.org. 
48. BWF - Badminton World Federation; (Formerly: International Badminton Federation); www.bissc.org. 
49. CDA - Copper Development Association; www.copper.org. 
50. CE - Conformite Europeenne; http://ec.europa.eu/growth/single-market/ce-marking/ 
51. CEA - Canadian Electricity Association; www.electricity.ca. 
52. CEA - Consumer Electronics Association; www.ce.org. 
53. CFFA - Chemical Fabrics and Film Association, Inc.; www.chemicalfabricsandfilm.com. 
54. CFSEI - Cold-Formed Steel Engineers Institute; www.cfsei.org. 
55. CGA - Compressed Gas Association; www.cganet.com. 
56. CIMA - Cellulose Insulation Manufacturers Association; www.cellulose.org. 
57. CISCA - Ceilings & Interior Systems Construction Association; www.cisca.org. 
58. CISPI - Cast Iron Soil Pipe Institute; www.cispi.org. 
59. CLFMI - Chain Link Fence Manufacturers Institute; www.chainlinkinfo.org. 
60. CPA - Composite Panel Association; www.pbmdf.com. 
61. CRI - Carpet and Rug Institute (The); www.carpet-rug.org. 
62. CRRC - Cool Roof Rating Council; www.coolroofs.org. 
63. CRSI - Concrete Reinforcing Steel Institute; www.crsi.org. 
64. CSA - Canadian Standards Association; www.csa.ca. 
65. CSA - CSA International; (Formerly: IAS - International Approval Services); www.csa-international.org. 
66. CSI - Construction Specifications Institute (The); www.csinet.org. 
67. CSSB - Cedar Shake & Shingle Bureau; www.cedarbureau.org. 
68. CTI - Cooling Technology Institute; (Formerly: Cooling Tower Institute); www.cti.org. 
69. CWC - Composite Wood Council; (See CPA). 
70. DASMA - Door and Access Systems Manufacturers Association; www.dasma.com. 
71. DHI - Door and Hardware Institute; www.dhi.org. 
72. ECA - Electronic Components Association; (See ECIA). 
73. ECAMA - Electronic Components Assemblies & Materials Association; (See ECIA). 
74. ECIA - Electronic Components Industry Association; www.eciaonline.org. 
75. EIA - Electronic Industries Alliance; (See TIA). 
76. EIMA - EIFS Industry Members Association; www.eima.com. 
77. EJMA - Expansion Joint Manufacturers Association, Inc.; www.ejma.org. 
78. ESD - ESD Association; (Electrostatic Discharge Association); www.esda.org . 
79. ESTA - Entertainment Services and Technology Association; (See PLASA). 
80. ETL - Intertek (See Intertek); www.intertek.com. 
81. EVO - Efficiency Valuation Organization; www.evo-world.org. 
82. FCI - Fluid Controls Institute; www.fluidcontrolsinstitute.org. 
83. FIBA - Federation Internationale de Basketball; (The International Basketball Federation); 

www.fiba.com. 
84. FIVB - Federation Internationale de Volleyball; (The International Volleyball Federation); www.fivb.org. 
85. FM Approvals - FM Approvals LLC; www.fmglobal.com. 
86. FM Global - FM Global; (Formerly: FMG - FM Global); www.fmglobal.com. 
87. FRSA - Florida Roofing, Sheet Metal & Air Conditioning Contractors Association, Inc.; 

www.floridaroof.com. 
88. FSA - Fluid Sealing Association; www.fluidsealing.com. 
89. FSC - Forest Stewardship Council U.S.; www.fscus.org. 
90. GA - Gypsum Association; www.gypsum.org. 
91. GANA - Glass Association of North America; www.glasswebsite.com. 
92. GS - Green Seal; www.greenseal.org. 
93. HI - Hydraulic Institute; www.pumps.org. 
94. HI/GAMA - Hydronics Institute/Gas Appliance Manufacturers Association; (See AHRI). 
95. HMMA - Hollow Metal Manufacturers Association; (See NAAMM). 
96. HPVA - Hardwood Plywood & Veneer Association; www.hpva.org. 
97. HPW - H. P. White Laboratory, Inc.; www.hpwhite.com. 
98. IAPSC - International Association of Professional Security Consultants; www.iapsc.org. 
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99. IAS - International Accreditation Service; www.iasonline.org. 
100. IAS - International Approval Services; (See CSA). 
101. ICBO - International Conference of Building Officials; (See ICC). 
102. ICC - International Code Council; www.iccsafe.org. 
103. ICEA - Insulated Cable Engineers Association, Inc.; www.icea.net. 
104. ICPA - International Cast Polymer Alliance; www.icpa-hq.org. 
105. ICRI - International Concrete Repair Institute, Inc.; www.icri.org. 
106. IEC - International Electrotechnical Commission; www.iec.ch. 
107. IEEE - Institute of Electrical and Electronics Engineers, Inc. (The); www.ieee.org. 
108. IES - Illuminating Engineering Society; (Formerly: Illuminating Engineering Society of North America); 

www.ies.org. 
109. IESNA - Illuminating Engineering Society of North America; (See IES). 
110. IEST - Institute of Environmental Sciences and Technology; www.iest.org. 
111. IGMA - Insulating Glass Manufacturers Alliance; www.igmaonline.org. 
112. IGSHPA - International Ground Source Heat Pump Association; www.igshpa.okstate.edu. 
113. ILI - Indiana Limestone Institute of America, Inc.; www.iliai.com. 
114. Intertek - Intertek Group; (Formerly: ETL SEMCO; Intertek Testing Service NA); www.intertek.com. 
115. ISA - International Society of Automation (The); (Formerly: Instrumentation, Systems, and Automation 

Society); www.isa.org. 
116. ISAS - Instrumentation, Systems, and Automation Society (The); (See ISA). 
117. ISFA - International Surface Fabricators Association; (Formerly: International Solid Surface Fabricators 

Association); www.isfanow.org. 
118. ISO - International Organization for Standardization; www.iso.org. 
119. ISSFA - International Solid Surface Fabricators Association; (See ISFA). 
120. ITU - International Telecommunication Union; www.itu.int/home. 
121. KCMA - Kitchen Cabinet Manufacturers Association; www.kcma.org. 
122. LMA - Laminating Materials Association; (See CPA). 
123. LPI - Lightning Protection Institute; www.lightning.org. 
124. MBMA - Metal Building Manufacturers Association; www.mbma.com. 
125. MCA - Metal Construction Association; www.metalconstruction.org. 
126. MFMA - Maple Flooring Manufacturers Association, Inc.; www.maplefloor.org. 
127. MFMA - Metal Framing Manufacturers Association, Inc.; www.metalframingmfg.org. 
128. MHIA - Material Handling Industry of America; www.mhia.org. 
129. MIA - Marble Institute of America; www.marble-institute.com. 
130. MMPA - Moulding & Millwork Producers Association; www.wmmpa.com. 
131. MPI - Master Painters Institute; www.paintinfo.com. 
132. MSS - Manufacturers Standardization Society of The Valve and Fittings Industry Inc.; www.mss-hq.org. 
133. NAAMM - National Association of Architectural Metal Manufacturers; www.naamm.org. 
134. NACE - NACE International; (National Association of Corrosion Engineers International); www.nace.org. 
135. NADCA - National Air Duct Cleaners Association; www.nadca.com. 
136. NAIMA - North American Insulation Manufacturers Association; www.naima.org. 
137. NBGQA - National Building Granite Quarries Association, Inc.; www.nbgqa.com. 
138. NBI - New Buildings Institute; www.newbuildings.org. 
139. NCAA - National Collegiate Athletic Association (The); www.ncaa.org. 
140. NCMA - National Concrete Masonry Association; www.ncma.org. 
141. NEBB - National Environmental Balancing Bureau; www.nebb.org. 
142. NECA - National Electrical Contractors Association; www.necanet.org. 
143. NeLMA - Northeastern Lumber Manufacturers Association; www.nelma.org. 
144. NEMA - National Electrical Manufacturers Association; www.nema.org. 
145. NETA - InterNational Electrical Testing Association; www.netaworld.org. 
146. NFHS - National Federation of State High School Associations; www.nfhs.org. 
147. NFPA - National Fire Protection Association; www.nfpa.org. 
148. NFPA - NFPA International; (See NFPA). 
149. NFRC - National Fenestration Rating Council; www.nfrc.org. 
150. NHLA - National Hardwood Lumber Association; www.nhla.com. 
151. NLGA - National Lumber Grades Authority; www.nlga.org. 
152. NOFMA - National Oak Flooring Manufacturers Association; (See NWFA). 
153. NOMMA - National Ornamental & Miscellaneous Metals Association; www.nomma.org. 
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154. NRCA - National Roofing Contractors Association; www.nrca.net. 
155. NRMCA - National Ready Mixed Concrete Association; www.nrmca.org. 
156. NSF - NSF International; www.nsf.org. 
157. NSPE - National Society of Professional Engineers; www.nspe.org. 
158. NSSGA - National Stone, Sand & Gravel Association; www.nssga.org. 
159. NTMA - National Terrazzo & Mosaic Association, Inc. (The); www.ntma.com. 
160. NWFA - National Wood Flooring Association; www.nwfa.org. 
161. PCI - Precast/Prestressed Concrete Institute; www.pci.org. 
162. PDI - Plumbing & Drainage Institute; www.pdionline.org. 
163. PLASA - PLASA; (Formerly: ESTA - Entertainment Services and Technology Association); 

http://www.plasa.org. 
164. RCSC - Research Council on Structural Connections; www.boltcouncil.org. 
165. RFCI - Resilient Floor Covering Institute; www.rfci.com. 
166. RIS - Redwood Inspection Service; www.redwoodinspection.com. 
167. SAE - SAE International; www.sae.org. 
168. SCTE - Society of Cable Telecommunications Engineers; www.scte.org. 
169. SDI - Steel Deck Institute; www.sdi.org. 
170. SDI - Steel Door Institute; www.steeldoor.org. 
171. SEFA - Scientific Equipment and Furniture Association (The); www.sefalabs.com. 
172. SEI/ASCE - Structural Engineering Institute/American Society of Civil Engineers; (See ASCE). 
173. SIA - Security Industry Association; www.siaonline.org. 
174. SJI - Steel Joist Institute; www.steeljoist.org. 
175. SMA - Screen Manufacturers Association; www.smainfo.org. 
176. SMACNA - Sheet Metal and Air Conditioning Contractors' National Association; www.smacna.org. 
177. SMPTE - Society of Motion Picture and Television Engineers; www.smpte.org. 
178. SPFA - Spray Polyurethane Foam Alliance; www.sprayfoam.org. 
179. SPIB - Southern Pine Inspection Bureau; www.spib.org. 
180. SPRI - Single Ply Roofing Industry; www.spri.org. 
181. SRCC - Solar Rating & Certification Corporation; www.solar-rating.org. 
182. SSINA - Specialty Steel Industry of North America; www.ssina.com. 
183. SSPC - SSPC: The Society for Protective Coatings; www.sspc.org. 
184. STI - Steel Tank Institute; www.steeltank.com. 
185. SWI - Steel Window Institute; www.steelwindows.com. 
186. SWPA - Submersible Wastewater Pump Association; www.swpa.org. 
187. TCA - Tilt-Up Concrete Association; www.tilt-up.org. 
188. TCNA - Tile Council of North America, Inc.; www.tileusa.com. 
189. TEMA - Tubular Exchanger Manufacturers Association, Inc.; www.tema.org. 
190. TIA - Telecommunications Industry Association (The); (Formerly: TIA/EIA - Telecommunications 

Industry Association/Electronic Industries Alliance); www.tiaonline.org. 
191. TIA/EIA - Telecommunications Industry Association/Electronic Industries Alliance; (See TIA). 
192. TMS - The Masonry Society; www.masonrysociety.org. 
193. TPI - Truss Plate Institute; www.tpinst.org. 
194. TPI - Turfgrass Producers International; www.turfgrasssod.org. 
195. TRI - Tile Roofing Institute; www.tileroofing.org. 
196. UL - Underwriters Laboratories Inc.; http://www.ul.com. 
197. UNI - Uni-Bell PVC Pipe Association; www.uni-bell.org. 
198. USAV - USA Volleyball; www.usavolleyball.org. 
199. USGBC - U.S. Green Building Council; www.usgbc.org. 
200. USITT - United States Institute for Theatre Technology, Inc.; www.usitt.org. 
201. WASTEC - Waste Equipment Technology Association; www.wastec.org. 
202. WCLIB - West Coast Lumber Inspection Bureau; www.wclib.org. 
203. WCMA - Window Covering Manufacturers Association; www.wcmanet.org. 
204. WDMA - Window & Door Manufacturers Association; www.wdma.com. 
205. WI - Woodwork Institute; www.wicnet.org. 
206. WSRCA - Western States Roofing Contractors Association; www.wsrca.com. 
207. WWPA - Western Wood Products Association; www.wwpa.org. 
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C. Code Agencies: Where abbreviations and acronyms are used in Specifications or other Contract Documents, 
they shall mean the recognized name of the entities in the following list. This information is believed to be 
accurate as of the date of the Contract Documents. 

1. DIN - Deutsches Institut fur Normung e.V.; www.din.de. 
2. IAPMO - International Association of Plumbing and Mechanical Officials; www.iapmo.org. 
3. ICC - International Code Council; www.iccsafe.org. 
4. ICC-ES - ICC Evaluation Service, LLC; www.icc-es.org. 

D. Federal Government Agencies: Where abbreviations and acronyms are used in Specifications or other 
Contract Documents, they shall mean the recognized name of the entities in the following list. Information is 
subject to change and is up to date as of the date of the Contract Documents. 

1. COE - Army Corps of Engineers; www.usace.army.mil. 
2. CPSC - Consumer Product Safety Commission; www.cpsc.gov. 
3. DOC - Department of Commerce; National Institute of Standards and Technology; www.nist.gov. 
4. DOD - Department of Defense; www.quicksearch.dla.mil. 
5. DOE - Department of Energy; www.energy.gov. 
6. EPA - Environmental Protection Agency; www.epa.gov. 
7. FAA - Federal Aviation Administration; www.faa.gov. 
8. FG - Federal Government Publications; www.gpo.gov/fdsys. 
9. GSA - General Services Administration; www.gsa.gov. 
10. HUD - Department of Housing and Urban Development; www.hud.gov. 
11. LBL - Lawrence Berkeley National Laboratory; Environmental Energy Technologies Division; 

www.eetd.lbl.gov. 
12. OSHA - Occupational Safety & Health Administration; www.osha.gov. 
13. SD - Department of State; www.state.gov. 
14. TRB - Transportation Research Board; National Cooperative Highway Research Program; The National 

Academies; www.trb.org. 
15. USDA - Department of Agriculture; Agriculture Research Service; U.S. Salinity Laboratory; 

www.ars.usda.gov. 
16. USDA - Department of Agriculture; Rural Utilities Service; www.usda.gov. 
17. USDOJ - Department of Justice; Office of Justice Programs; National Institute of Justice; 

www.ojp.usdoj.gov. 
18. USP - U.S. Pharmacopeial Convention; www.usp.org. 
19. USPS - United States Postal Service; www.usps.com. 

E. Standards and Regulations: Where abbreviations and acronyms are used in Specifications or other Contract 
Documents, they shall mean the recognized name of the standards and regulations in the following list. This 
information is subject to change and is believed to be accurate as of the date of the Contract Documents. 

1. CFR - Code of Federal Regulations; Available from Government Printing Office; www.gpo.gov/fdsys. 
2. DOD - Department of Defense; Military Specifications and Standards; Available from DLA Document 

Services; www.quicksearch.dla.mil. 
3. DSCC - Defense Supply Center Columbus; (See FS). 
4. FED-STD - Federal Standard; (See FS). 
5. FS - Federal Specification; Available from DLA Document Services; www.quicksearch.dla.mil. 

a. Available from Defense Standardization Program; www.dsp.dla.mil. 
b. Available from General Services Administration; www.gsa.gov. 
c. Available from National Institute of Building Sciences/Whole Building Design Guide; 

www.wbdg.org/ccb. 

6. MILSPEC - Military Specification and Standards; (See DOD). 
7. USAB - United States Access Board; www.access-board.gov. 
8. USATBCB - U.S. Architectural & Transportation Barriers Compliance Board; (See USAB). 

http://www.din.de/
http://www.iapmo.org/
http://www.iccsafe.org/
http://www.icc-es.org/
http://www.usace.army.mil/
http://www.cpsc.gov/
http://www.nist.gov/
http://www.quicksearch.dla.mil/
http://www.energy.gov/
http://www.epa.gov/
http://www.faa.gov/
http://www.gpo.gov/fdsys
http://www.gsa.gov/
http://www.hud.gov/
http://www.eetd.lbl.gov/
http://www.osha.gov/
http://www.state.gov/
http://www.trb.org/
http://www.ars.usda.gov/
http://www.usda.gov/
http://www.ojp.usdoj.gov/
http://www.usp.org/
http://www.usps.com/
http://www.gpo.gov/fdsys
http://www.quicksearch.dla.mil/
http://www.quicksearch.dla.mil/
http://www.dsp.dla.mil/
http://www.gsa.gov/
http://www.wbdg.org/ccb
http://www.access-board.gov/
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F. State Government Agencies: Where abbreviations and acronyms are used in Specifications or other Contract 
Documents, they shall mean the recognized name of the entities in the following list. This information is subject 
to change and is believed to be accurate as of the date of the Contract Documents. 

1. CBHF; State of California; Department of Consumer Affairs; Bureau of Electronic and Appliance Repair, 
Home Furnishings and Thermal Insulation; www.bearhfti.ca.gov. 

2. CCR; California Code of Regulations; Office of Administrative Law; California Title 24 Energy Code; 
www.calregs.com. 

3. CDHS; California Department of Health Services; (See CDPH). 
4. CDPH; California Department of Public Health; Indoor Air Quality Program; www.cal-iaq.org. 
5. CPUC; California Public Utilities Commission; www.cpuc.ca.gov. 
6. SCAQMD; South Coast Air Quality Management District; www.aqmd.gov. 
7. TFS; Texas A&M Forest Service; Sustainable Forestry and Economic Development; 

www.txforestservice.tamu.edu. 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 01 42 00 

http://www.bearhfti.ca.gov/
http://www.calregs.com/
http://www.cal-iaq.org/
http://www.cpuc.ca.gov/
http://www.aqmd.gov/
http://www.txforestservice.tamu.edu/
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01 50 00 TEMPORARY FACILITIES AND CONTROLS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other 
Division 01 Specification Sections, apply to this Section. 

B. The Secretary of the Interior’s Standards for the Treatment of Historic Properties with Guidelines for Preserving, 
Rehabilitating, Restoring, & Reconstructing Historic Buildings. 

1.2 SUMMARY 

A. Section includes requirements for temporary utilities, support facilities, and security and protection facilities. 

B. Related Requirements: 

1. Section 01 10 00 "Summary" for work restrictions and limitations on utility interruptions. 

1.3 USE CHARGES 

A. General: Installation and removal of and use charges for temporary facilities shall be included in the Contract 
Sum unless otherwise indicated. Allow other entities engaged in the Project to use temporary services and 
facilities without cost, including, but not limited to, Owner's construction forces, Architect, occupants of Project, 
testing agencies, and authorities having jurisdiction. 

B. Water and Sewer Service from Existing System: Water from Owner's existing water system is available for use 
without metering and without payment of use charges. Provide connections and extensions of services as 
required for construction operations. 

C. Electric Power Service from Existing System: Electric power from Owner's existing system is available for use 
without metering and without payment of use charges. Provide connections and extensions of services as 
required for construction operations. 

1.4 INFORMATIONAL SUBMITTALS 

A. Site Utilization Plan: Show temporary facilities, temporary utility lines and connections, staging areas, 
construction site entrances, vehicle circulation, and parking areas for construction personnel. 

B. Project Identification and Temporary Signs: Show fabrication and installation details, including plans, 
elevations, details, layouts, typestyles, graphic elements, and message content. 

C. Fire-Safety Program: Show compliance with requirements of NFPA 241 and authorities having jurisdiction. 
Indicate Contractor personnel responsible for management of fire-prevention program. 

D. Moisture- and Mold-Protection Plan: Describe procedures and controls for protecting materials and 
construction from water absorption and damage and mold. 

E. Dust- and HVAC-Control Plan: Submit coordination drawing and narrative that indicates the dust- and HVAC-
control measures proposed for use, proposed locations, and proposed time frame for their operation. Include 
the following: 
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1. Locations of dust-control partitions at each phase of work. 
2. HVAC system isolation schematic drawing. 
3. Location of proposed air-filtration system discharge. 
4. Waste-handling procedures. 
5. Other dust-control measures. 

1.5 QUALITY ASSURANCE 

A. Electric Service: Comply with NECA, NEMA, and UL standards and regulations for temporary electric service. 
Install service to comply with NFPA 70. 

B. Tests and Inspections: Arrange for authorities having jurisdiction to test and inspect each temporary utility 
before use. Obtain required certifications and permits. 

C. Accessible Temporary Egress: Comply with applicable provisions in the United States Access Board's ADA-
ABA Accessibility Guidelines and ICC/ANSI A117.1. 

1.6 PROJECT CONDITIONS 

A. Temporary Use of Permanent Facilities: Engage Installer of each permanent service to assume responsibility 
for operation, maintenance, and protection of each permanent service during its use as a construction facility 
before Owner's acceptance, regardless of previously assigned responsibilities. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. Portable Chain-Link Fencing: Minimum 2-inch, 0.148-inch- thick, galvanized-steel, chain-link fabric fencing; 
minimum 6 feet high with galvanized-steel pipe posts; minimum 2-3/8-inch- OD line posts and 2-7/8-inch-  OD 
corner and pull posts, with 1-5/8-inch- OD top and bottom rails. Provide concrete bases for supporting posts. 

B. Polyethylene Sheet: Reinforced, fire-resistive sheet, 10-mil minimum thickness, with flame-spread rating of 15 
or less per ASTM E 84 and passing NFPA 701 Test Method 2. 

C. Dust-Control Adhesive-Surface Walk-Off Mats: Provide mats minimum 36 by 60 inches. 

2.2 TEMPORARY FACILITIES 

 

A. Storage and Fabrication Sheds: Provide sheds sized, furnished, and equipped to accommodate materials and 
equipment for construction operations. 

1. Store combustible materials apart from building. 

2.3 EQUIPMENT 

A. Fire Extinguishers: Portable, UL rated; with class and extinguishing agent as required by locations and classes 
of fire exposures. 
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B. HVAC Equipment: Provide vented, self-contained, liquid-propane-gas or fuel-oil heaters with individual space 
thermostatic control. 

1. Use of gasoline-burning space heaters, open-flame heaters, or salamander-type heating units is 
prohibited. 

2. Heating Units: Listed and labeled for type of fuel being consumed, by a qualified testing agency 
acceptable to authorities having jurisdiction, and marked for intended location and application. 

C. Air-Filtration Units: Primary and secondary HEPA-filter-equipped portable units with four-stage filtration. 
Provide single switch for emergency shutoff. Configure to run continuously. 

PART 3 - EXECUTION 

3.1 TEMPORARY FACILITIES, GENERAL 

A. Conservation: Coordinate construction and use of temporary facilities with consideration given to conservation 
of energy, water, and materials. Coordinate use of temporary utilities to minimize waste. 

1. Salvage materials and equipment involved in performance of, but not actually incorporated into, the 
Work. See other Sections for disposition of salvaged materials that are designated as Owner's property. 

3.2 INSTALLATION, GENERAL 

A. Locate facilities where they will serve Project adequately and result in minimum interference with performance 
of the Work. Relocate and modify facilities as required by progress of the Work. 

1. Locate facilities to limit site disturbance as specified in Section 011000 "Summary." 

B. Provide each facility ready for use when needed to avoid delay. Do not remove until facilities are no longer 
needed or are replaced by authorized use of completed permanent facilities. 

3.3 TEMPORARY UTILITY INSTALLATION 

A. General: Install temporary service or connect to existing service. 

1. Arrange with utility company, Owner, and existing users for time when service can be interrupted, if 
necessary, to make connections for temporary services. 

B. Water Service: Connect to Owner's existing water service facilities. Clean and maintain water service facilities 
in a condition acceptable to Owner. At Substantial Completion, restore these facilities to condition existing 
before initial use. 

C. Sanitary Facilities: Provide temporary toilets, wash facilities, and drinking water for use of construction 
personnel. Comply with requirements of authorities having jurisdiction for type, number, location, operation, 
and maintenance of fixtures and facilities. 

D. Temporary Heating and Cooling: Provide temporary heating and cooling required by construction activities for 
curing or drying of completed installations or for protecting installed construction from adverse effects of low 
temperatures or high humidity. Select equipment that will not have a harmful effect on completed installations 
or elements being installed. 
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1. Provide temporary dehumidification systems when required to reduce ambient and substrate moisture 
levels to level required to allow installation or application of finishes and their proper curing or drying. 

E. Isolation of Work Areas in Occupied Facilities: Prevent dust, fumes, and odors from entering occupied areas. 

1. Prior to commencing work, isolate the HVAC system in area where work is to be performed according 
to coordination drawings. 

a. Disconnect supply and return ductwork in work area from HVAC systems servicing occupied 
areas. 

b. Maintain negative air pressure within work area using HEPA-equipped air-filtration units, starting 
with commencement of temporary partition construction, and continuing until removal of 
temporary partitions is complete. 

2. Maintain dust partitions during the Work. Use vacuum collection attachments on dust-producing 
equipment. Isolate limited work within occupied areas using portable dust-containment devices. 

3. Perform daily construction cleanup and final cleanup using approved, HEPA-filter-equipped vacuum 
equipment. 

F. Electric Power Service: Connect to Owner's existing electric power service. Maintain equipment in a condition 
acceptable to Owner. 

G. Lighting: Provide temporary lighting with local switching that provides adequate illumination for construction 
operations, observations, inspections, and traffic conditions (where needed). 

1. Install and operate temporary lighting that fulfills security and protection requirements without operating 
entire system. 

3.4 SUPPORT FACILITIES INSTALLATION 

A. General: Comply with the following: 

1. Contractor’s option to provide construction for temporary offices, shops, and sheds located within 
construction area or within 30 feet of building lines that is noncombustible according to ASTM E 136. 
Comply with NFPA 241. 

2. Maintain support facilities until Architect schedules Substantial Completion inspection. Remove before 
Substantial Completion. Personnel remaining after Substantial Completion will be permitted to use 
permanent facilities, under conditions acceptable to Owner. 

B. Traffic Controls: Comply with requirements of authorities having jurisdiction. 

1. Protect existing site improvements to remain including curbs, pavement, and utilities. 
2. Maintain access for fire-fighting equipment and access to fire hydrants. 

C. Parking:  Use designated areas of Owner's existing parking areas for construction personnel. 

D. Project Signs: Provide Project signs as indicated. Unauthorized signs are not permitted. 

1. Identification Signs: Provide Project identification signs as indicated on Drawings. 
2. Temporary Signs: Provide other signs as indicated and as required to inform public and individuals 

seeking entrance to Project. 

a. Provide temporary, directional signs for construction personnel and visitors. 

3. Maintain and touch up signs so they are legible at all times. 
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E. Waste Disposal Facilities: Comply with requirements specified in Section 01 74 19 "Construction Waste 
Management and Disposal." 

F. Lifts and Hoists: Provide facilities necessary for hoisting materials and personnel. 

1. Truck cranes and similar devices used for hoisting materials are considered "tools and equipment" and 
not temporary facilities. 

3.5 SECURITY AND PROTECTION FACILITIES INSTALLATION 

A. Protection of Existing Facilities: Protect existing vegetation, equipment, structures, utilities, and other 
improvements at Project site and on adjacent properties, except those indicated to be removed or altered. 
Repair damage to existing facilities. 

1. Where access to adjacent properties is required in order to affect protection of existing facilities, obtain 
written permission from adjacent property owner to access property for that purpose. 

B. Environmental Protection: Provide protection, operate temporary facilities, and conduct construction as 
required to comply with environmental regulations and that minimize possible air, waterway, and subsoil 
contamination or pollution or other undesirable effects. 

1. Comply with work restrictions specified in Section 01 10 00 "Summary." 

C. Temporary Erosion and Sedimentation Control: Comply with requirements of EPA Construction General Permit 
or authorities having jurisdiction, whichever is more stringent. 

D. Tree and Plant Protection: Install temporary fencing located as indicated or outside the drip line of trees to 
protect vegetation from damage from construction operations. Protect tree root systems from damage, flooding, 
and erosion. 

E. Security Enclosure and Lockup: Install temporary enclosure around partially completed areas of construction. 
Provide lockable entrances to prevent unauthorized entrance, vandalism, theft, and similar violations of 
security. Lock entrances at end of each workday. 

F. Barricades, Warning Signs, and Lights: Comply with requirements of authorities having jurisdiction for erecting 
structurally adequate barricades, including warning signs and lighting. 

G. Temporary Egress: Maintain temporary egress from existing occupied facilities as indicated and as required 
by authorities having jurisdiction. 

H. Temporary Enclosures: Provide temporary enclosures for protection of construction, in progress and 
completed, from exposure, foul weather, other construction operations, and similar activities. Provide 
temporary weathertight enclosure for building exterior. 

1. Where heating or cooling is needed and permanent enclosure is incomplete, insulate temporary 
enclosures. 

I. Temporary Partitions: Provide floor-to-ceiling dustproof partitions to limit dust and dirt migration and to separate 
areas occupied by Owner and tenants from fumes and noise. 

1. Construct dustproof partitions with two layers of 6-mil polyethylene sheet on each side. Cover floor with 
two layers of 6-mil polyethylene sheet, extending sheets 18 inches up the sidewalls. Overlap and tape 
full length of joints. 

2. Seal joints and perimeter. Equip partitions with gasketed dustproof doors and security locks where 
openings are required. 

3. Protect air-handling equipment. 
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4. Provide walk-off mats at each entrance through temporary partition. 

J. Temporary Fire Protection: Install and maintain temporary fire-protection facilities of types needed to protect 
against reasonably predictable and controllable fire losses. Comply with NFPA 241; manage fire-prevention 
program. 

1. Prohibit smoking in construction areas. Comply with additional limits on smoking specified in other 
Sections. 

2. Supervise welding operations, combustion-type temporary heating units, and similar sources of fire 
ignition according to requirements of authorities having jurisdiction. 

3. Develop and supervise an overall fire-prevention and -protection program for personnel at Project site. 
Review needs with local fire department and establish procedures to be followed. Instruct personnel in 
methods and procedures. Post warnings and information. 

4. Provide temporary standpipes and hoses for fire protection. Hang hoses with a warning sign stating that 
hoses are for fire-protection purposes only and are not to be removed. Match hose size with outlet size 
and equip with suitable nozzles. 

3.6 MOISTURE AND MOLD CONTROL 

A. Contractor's Moisture-Protection Plan: Describe delivery, handling, storage, installation, and protection 
provisions for materials subject to water absorption or water damage. 

1. Indicate procedures for discarding water-damaged materials, protocols for mitigating water intrusion into 
completed Work, and replacing water-damaged Work. 

2. Indicate sequencing of work that requires water, such as sprayed fire-resistive materials, plastering, and 
terrazzo grinding, and describe plans for dealing with water from these operations. Show procedures for 
verifying that wet construction has dried sufficiently to permit installation of finish materials. 

3. Indicate methods to be used to avoid trapping water in finished work. 

B. Exposed Construction Period: Before installation of weather barriers, when materials are subject to wetting 
and exposure and to airborne mold spores, protect as follows: 

1. Protect porous materials from water damage. 
2. Protect stored and installed material from flowing or standing water. 
3. Keep porous and organic materials from coming into prolonged contact with concrete. 
4. Remove standing water from decks. 
5. Keep deck openings covered or dammed. 

C. Partially Enclosed Construction Period: After installation of weather barriers but before full enclosure and 
conditioning of building, when installed materials are still subject to infiltration of moisture and ambient mold 
spores, protect as follows: 

1. Do not load or install drywall or other porous materials or components, or items with high organic content, 
into partially enclosed building. 

2. Keep interior spaces reasonably clean and protected from water damage. 
3. Periodically collect and remove waste containing cellulose or other organic matter. 
4. Discard or replace water-damaged material. 
5. Do not install material that is wet. 
6. Discard and replace stored or installed material that begins to grow mold. 
7. Perform work in a sequence that allows wet materials adequate time to dry before enclosing the material 

in gypsum board or other interior finishes. 

D. Controlled Construction Period: After completing and sealing of the building enclosure but prior to the full 
operation of permanent HVAC systems, maintain as follows: 

1. Control moisture and humidity inside building by maintaining effective dry-in conditions. 
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2. Use temporary or permanent HVAC system to control humidity within ranges specified for installed and 
stored materials. 

3. Comply with manufacturer's written instructions for temperature, relative humidity, and exposure to water 
limits. 

a. Hygroscopic materials that may support mold growth, including wood and gypsum-based 
products, that become wet during the course of construction and remain wet for 48 hours are 
considered defective and require replacing. 

b. Measure moisture content of materials that have been exposed to moisture during construction 
operations or after installation. Record readings beginning at time of exposure and continuing 
daily for 48 hours. Identify materials containing moisture levels higher than allowed. Report 
findings in writing to Architect. 

c. Remove and replace materials that cannot be completely restored to their manufactured moisture 
level within 48 hours. 

3.7 OPERATION, TERMINATION, AND REMOVAL 

A. Supervision: Enforce strict discipline in use of temporary facilities. To minimize waste and abuse, limit 
availability of temporary facilities to essential and intended uses. 

B. Maintenance: Maintain facilities in good operating condition until removal. 

1. Maintain operation of temporary enclosures, heating, cooling, humidity control, ventilation, and similar 
facilities on a 24-hour basis where required to achieve indicated results and to avoid possibility of 
damage. 

C. Temporary Facility Changeover: Do not change over from using temporary security and protection facilities to 
permanent facilities until Substantial Completion. 

D. Termination and Removal: Remove each temporary facility when need for its service has ended, when it has 
been replaced by authorized use of a permanent facility, or no later than Substantial Completion. Complete or, 
if necessary, restore permanent construction that may have been delayed because of interference with 
temporary facility. Repair damaged Work, clean exposed surfaces, and replace construction that cannot be 
satisfactorily repaired. 

1. Materials and facilities that constitute temporary facilities are property of Contractor. Owner reserves 
right to take possession of Project identification signs. 

2. Remove temporary roads and paved areas not intended for or acceptable for integration into permanent 
construction. Where area is intended for landscape development, remove soil and aggregate fill that do 
not comply with requirements for fill or subsoil. Remove materials contaminated with road oil, asphalt 
and other petrochemical compounds, and other substances that might impair growth of plant materials 
or lawns. Repair or replace street paving, curbs, and sidewalks at temporary entrances, as required by 
authorities having jurisdiction. 

3. At Substantial Completion, repair, renovate, and clean permanent facilities used during construction 
period. Comply with final cleaning requirements specified in Section 01 77 00 "Closeout Procedures." 

END OF SECTION 01 50 00 
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01 60 00 PRODUCT REQUIREMENTS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other 
Division 01 Specification Sections, apply to this Section. 

B. The Secretary of the Interior’s Standards for the Treatment of Historic Properties with Guidelines for Preserving, 
Rehabilitating, Restoring, & Reconstructing Historic Buildings. 

1.2 SUMMARY 

A. Section includes administrative and procedural requirements for selection of products for use in Project; 
product delivery, storage, and handling; manufacturers' standard warranties on products; special warranties; 
and comparable products. 

B. Related Requirements: 

1. Section 01 25 00 "Substitution Procedures" for requests for substitutions. 
2. Section 01 42 00 "References" for applicable industry standards for products specified. 

1.3 DEFINITIONS 

A. Products: Items obtained for incorporating into the Work, whether purchased for Project or taken from 
previously purchased stock. The term "product" includes the terms "material," "equipment," "system," and 
terms of similar intent. 

1. Named Products: Items identified by manufacturer's product name, including make or model number or 
other designation shown or listed in manufacturer's published product literature that is current as of date 
of the Contract Documents. 

2. New Products: Items that have not previously been incorporated into another project or facility. Products 
salvaged or recycled from other projects are not considered new products. 

3. Comparable Product: Product that is demonstrated and approved by Architect through submittal process 
to have the indicated qualities related to type, function, dimension, in-service performance, physical 
properties, appearance, and other characteristics that equal or exceed those of specified product. 

B. Basis-of-Design Product Specification: A specification in which a single manufacturer's product is named and 
accompanied by the words "basis-of-design product," including make or model number or other designation. 
In addition to the basis-of-design product description, product attributes and characteristics may be listed to 
establish the significant qualities related to type, function, in-service performance and physical properties, 
weight, dimension, durability, visual characteristics, and other special features and requirements for purposes 
of evaluating comparable products of additional manufacturers named in the specification. 

C. Subject to Compliance with Requirements: Where the phrase "Subject to compliance with requirements" 
introduces a product selection procedure in an individual Specification Section, provide products qualified 
under the specified product procedure. In the event that a named product or product by a named manufacturer 
does not meet the other requirements of the specifications, select another named product or product from 
another named manufacturer that does meet the requirements of the specifications. Submit a comparable 
product request, if applicable. 
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1.4 ACTION SUBMITTALS 

A. Comparable Product Request Submittal: Submit request for consideration of each comparable product. Identify 
basis-of-design product or fabrication or installation method to be replaced. Include Specification Section 
number and title and Drawing numbers and titles. 

1. Include data to indicate compliance with the requirements specified in "Comparable Products" Article. 
2. Architect's Action: If necessary, Architect will request additional information or documentation for 

evaluation within seven days of receipt of a comparable product request. Architect will notify Contractor 
of approval or rejection of proposed comparable product request within 15 days of receipt of request, or 
seven days of receipt of additional information or documentation, whichever is later. 

a. Form of Architect's Approval of Submittal: As specified in Section 01 33 00 "Submittal 
Procedures." 

b. Use product specified if Architect does not issue a decision on use of a comparable product 
request within time allocated. 

B. Basis-of-Design Product Specification Submittal: Comply with requirements in Section 01 33 00 "Submittal 
Procedures." Show compliance with requirements. 

1.5 QUALITY ASSURANCE 

A. Compatibility of Options: If Contractor is given option of selecting between two or more products for use on 
Project, select product compatible with products previously selected, even if previously selected products were 
also options. 

1. Each contractor is responsible for providing products and construction methods compatible with 
products and construction methods of other contractors. 

2. If a dispute arises between contractors over concurrently selectable but incompatible products, Architect 
will determine which products shall be used. 

B. Identification of Products: Except for required labels and operating data, do not attach or imprint manufacturer 
or product names or trademarks on exposed surfaces of products or equipment that will be exposed to view in 
occupied spaces or on the exterior. 

1. Labels: Locate required product labels and stamps on a concealed surface, or, where required for 
observation following installation, on a visually accessible surface that is not conspicuous. 

2. Equipment Nameplates: Provide a permanent nameplate on each item of service-connected or power-
operated equipment. Locate on a visually accessible but inconspicuous surface. Include information 
essential for operation, including the following: 

a. Name of product and manufacturer. 
b. Model and serial number. 
c. Capacity. 
d. Speed. 
e. Ratings. 

3. See individual identification sections in Divisions 21, 22, 23, and 26 for additional identification 
requirements. 

1.6 PRODUCT DELIVERY, STORAGE, AND HANDLING 

A. Deliver, store, and handle products using means and methods that will prevent damage, deterioration, and 
loss, including theft and vandalism. Comply with manufacturer's written instructions. 



Dangberg Home Ranch  
Restoration Projects 

 
 

PRODUCT REQUIREMENTS   01 60 00-3 

 

B. Delivery and Handling: 

1. Schedule delivery to minimize long-term storage at Project site and to prevent overcrowding of 
construction spaces. 

2. Coordinate delivery with installation time to ensure minimum holding time for items that are flammable, 
hazardous, easily damaged, or sensitive to deterioration, theft, and other losses. 

3. Deliver products to Project site in an undamaged condition in manufacturer's original sealed container 
or other packaging system, complete with labels and instructions for handling, storing, unpacking, 
protecting, and installing. 

4. Inspect products on delivery to determine compliance with the Contract Documents and to determine 
that products are undamaged and properly protected. 

C. Storage: 

1. Store products to allow for inspection and measurement of quantity or counting of units. 
2. Store materials in a manner that will not endanger Project structure. 
3. Store products that are subject to damage by the elements, under cover in a weathertight enclosure 

above ground, with ventilation adequate to prevent condensation. 
4. Protect foam plastic from exposure to sunlight, except to extent necessary for period of installation and 

concealment. 
5. Comply with product manufacturer's written instructions for temperature, humidity, ventilation, and 

weather-protection requirements for storage. 
6. Protect stored products from damage and liquids from freezing. 
7. Provide a secure location and enclosure at Project site for storage of materials and equipment by 

Owner's construction forces. Coordinate location with Owner. 

1.7 PRODUCT WARRANTIES 

A. Warranties specified in other Sections shall be in addition to, and run concurrent with, other warranties required 
by the Contract Documents. Manufacturer's disclaimers and limitations on product warranties do not relieve 
Contractor of obligations under requirements of the Contract Documents. 

1. Manufacturer's Warranty: Written warranty furnished by individual manufacturer for a particular product 
and specifically endorsed by manufacturer to Owner. 

2. Special Warranty: Written warranty required by the Contract Documents to provide specific rights for 
Owner. 

B. Special Warranties: Prepare a written document that contains appropriate terms and identification, ready for 
execution. 

1. Manufacturer's Standard Form: Modified to include Project-specific information and properly executed. 
2. Specified Form: When specified forms are included with the Specifications, prepare a written document 

using indicated form properly executed. 
3. See other Sections for specific content requirements and particular requirements for submitting special 

warranties. 

C. Submittal Time: Comply with requirements in Section 01 77 00 "Closeout Procedures." 

PART 2 - PRODUCTS 

2.1 PRODUCT SELECTION PROCEDURES 

A. General Product Requirements: Provide products that comply with the Contract Documents, are undamaged 
and, unless otherwise indicated, are new at time of installation. 
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1. Provide products complete with accessories, trim, finish, fasteners, and other items needed for a 
complete installation and indicated use and effect. 

2. Standard Products: If available, and unless custom products or nonstandard options are specified, 
provide standard products of types that have been produced and used successfully in similar situations 
on other projects. 

3. Owner reserves the right to limit selection to products with warranties meeting requirements of the 
Contract Documents. 

4. Where products are accompanied by the term "as selected," Architect will make selection. 
5. Descriptive, performance, and reference standard requirements in the Specifications establish salient 

characteristics of products. 
6. Or Equal: For products specified by name and accompanied by the term "or equal," or "or approved 

equal," or "or approved," comply with requirements in "Comparable Products" Article to obtain approval 
for use of an unnamed product. 

a. Submit additional documentation required by Architect in order to establish equivalency of 
proposed products. Evaluation of "or equal" product status is by the Architect, whose 
determination is final. 

B. Product Selection Procedures: 

1. Sole Product: Where Specifications name a single manufacturer and product, provide the named 
product that complies with requirements. Comparable products or substitutions for Contractor's 
convenience will not be considered. 

a. Sole product may be indicated by the phrase: "Subject to compliance with requirements, provide 
the following: …" 

2. Sole Manufacturer/Source: Where Specifications name a single manufacturer or source, provide a 
product by the named manufacturer or source that complies with requirements. Comparable products 
or substitutions for Contractor's convenience will not be considered. 

a. Sole manufacturer/source may be indicated by the phrase: "Subject to compliance with 
requirements, provide products by the following: …" 

3. Limited List of Products: Where Specifications include a list of names of both manufacturers and 
products, provide one of the products listed that complies with requirements. Comparable products or 
substitutions for Contractor's convenience will not be considered unless otherwise indicated. 

a. Limited list of products may be indicated by the phrase: "Subject to compliance with requirements, 
provide one of the following: …" 

4. Non-Limited List of Products: Where Specifications include a list of names of both available 
manufacturers and products, provide one of the products listed, or an unnamed product, which complies 
with requirements. 

a. Non-limited list of products is indicated by the phrase: "Subject to compliance with requirements, 
available products that may be incorporated in the Work include, but are not limited to, the 
following: …" 

5. Limited List of Manufacturers: Where Specifications include a list of manufacturers' names, provide a 
product by one of the manufacturers listed that complies with requirements. Comparable products or 
substitutions for Contractor's convenience will not be considered unless otherwise indicated. 

a. Limited list of manufacturers is indicated by the phrase: "Subject to compliance with requirements, 
provide products by one of the following: …" 
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6. Non-Limited List of Manufacturers: Where Specifications include a list of available manufacturers, 
provide a product by one of the manufacturers listed, or a product by an unnamed manufacturer, which 
complies with requirements. 

a. Non-limited list of manufacturers is indicated by the phrase: "Subject to compliance with 
requirements, available manufacturers whose products may be incorporated in the Work include, 
but are not limited to, the following: …" 

7. Basis-of-Design Product: Where Specifications name a product, or refer to a product indicated on 
Drawings, and include a list of manufacturers, provide the specified or indicated product or a comparable 
product by one of the other named manufacturers. Drawings and Specifications indicate sizes, profiles, 
dimensions, and other characteristics that are based on the product named. Comply with requirements 
in "Comparable Products" Article for consideration of an unnamed product by one of the other named 
manufacturers. 

a. For approval of products by unnamed manufacturers, comply with requirements in Section 01 25 
00 "Substitution Procedures" for substitutions for convenience. 

C. Visual Matching Specification: Where Specifications require "match Architect's sample," provide a product that 
complies with requirements and matches Architect's sample. Architect's decision will be final on whether a 
proposed product matches. 

1. If no product available within specified category matches and complies with other specified 
requirements, comply with requirements in Section 01 25 00 "Substitution Procedures" for proposal of 
product. 

D. Visual Selection Specification: Where Specifications include the phrase "as selected by Architect from 
manufacturer's full range" or similar phrase, select a product that complies with requirements. Architect will 
select color, gloss, pattern, density, or texture from manufacturer's product line that includes both standard and 
premium items. 

2.2 COMPARABLE PRODUCTS 

A. Conditions for Consideration of Comparable Products: Architect will consider Contractor's request for 
comparable product when the following conditions are satisfied. If the following conditions are not satisfied, 
Architect may return requests without action, except to record noncompliance with these requirements: 

1. Evidence that proposed product does not require revisions to the Contract Documents, is consistent with 
the Contract Documents, will produce the indicated results, and is compatible with other portions of the 
Work. Detailed comparison of significant qualities of proposed product with those named in the 
Specifications. Significant product qualities include attributes such as type, function, in-service 
performance and physical properties, weight, dimension, durability, visual characteristics, and other 
specific features and requirements. 

2. Evidence that proposed product provides specified warranty. 
3. List of similar installations for completed projects with project names and addresses and names and 

addresses of architects and owners, if requested. 
4. Samples, if requested. 

B. Submittal Requirements: Approval by the Architect of Contractor's request for use of comparable product is 
not intended to satisfy other submittal requirements. Comply with specified submittal requirements. 
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PART 3 - EXECUTION (Not Used) 

END OF SECTION 01 60 00 
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01 73 00 EXECUTION 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other 
Division 01 Specification Sections, apply to this Section. 

B. The Secretary of the Interior’s Standards for the Treatment of Historic Properties with Guidelines for Preserving, 
Rehabilitating, Restoring, & Reconstructing Historic Buildings. 

1.2 SUMMARY 

A. Section includes general administrative and procedural requirements governing execution of the Work 
including, but not limited to, the following: 

1. Construction layout. 
2. Field engineering and surveying. 
3. Installation of the Work. 
4. Cutting and patching. 
5. Coordination of Owner-installed products. 
6. Progress cleaning. 
7. Starting and adjusting. 
8. Protection of installed construction. 

B. Related Requirements: 

1. Section 01 10 00 "Summary" for limits on use of Project site. 
2. Section 01 33 00 "Submittal Procedures" for submitting surveys. 
3. Section 01 77 00 "Closeout Procedures" for submitting final property survey with Project Record 

Documents, recording of Owner-accepted deviations from indicated lines and levels, replacing defective 
work, and final cleaning. 

4. Section 02 41 19 "Selective Demolition" for demolition and removal of selected portions of the building. 
5. Section 07 84 13 "Penetration Firestopping" for patching penetrations in fire-rated construction. 

1.3 DEFINITIONS 

A. Cutting: Removal of in-place construction necessary to permit installation or performance of subsequent work. 

B. Patching: Fitting and repair work required to restore construction to original conditions after installation of 
subsequent work. 

1.4 PREINSTALLATION MEETINGS 

A. Cutting and Patching Conference: Conduct conference at Project site. 

1. Prior to commencing work requiring cutting and patching, review extent of cutting and patching 
anticipated and examine procedures for ensuring satisfactory result from cutting and patching work. 
Require representatives of each entity directly concerned with cutting and patching to attend, including 
the following: 
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a. Contractor's superintendent. 
b. Trade supervisor responsible for cutting operations. 
c. Trade supervisor(s) responsible for patching of each type of substrate. 
d. Mechanical, electrical, and utilities subcontractors' supervisors, to the extent each trade is 

affecting by cutting and patching operations. 

2. Review areas of potential interference and conflict. Coordinate procedures and resolve potential conflicts 
before proceeding. 

1.5 INFORMATIONAL SUBMITTALS 

A. Cutting and Patching Plan: Submit plan describing procedures at least 10 days prior to the time cutting and 
patching will be performed. Include the following information: 

1. Extent: Describe reason for and extent of each occurrence of cutting and patching. 
2. Changes to In-Place Construction: Describe anticipated results. Include changes to structural elements 

and operating components as well as changes in building appearance and other significant visual 
elements. 

3. Products: List products to be used for patching and firms or entities that will perform patching work. 
4. Dates: Indicate when cutting and patching will be performed. 
5. Utilities and Mechanical and Electrical Systems: List services and systems that cutting and patching 

procedures will disturb or affect. List services and systems that will be relocated and those that will be 
temporarily out of service. Indicate length of time permanent services and systems will be disrupted. 

a. Include description of provisions for temporary services and systems during interruption of 
permanent services and systems. 

B. Landfill Receipts: Submit copy of receipts issued by a landfill facility, licensed to accept hazardous materials, 
for hazardous waste disposal. 

1.6 QUALITY ASSURANCE 

A. Cutting and Patching: Comply with requirements for and limitations on cutting and patching of construction 
elements. 

1. Structural Elements: When cutting and patching structural elements, notify Architect of locations and 
details of cutting and await directions from Architect before proceeding. Shore, brace, and support 
structural elements during cutting and patching. Do not cut and patch structural elements in a manner 
that could change their load-carrying capacity or increase deflection. 

2. Operational Elements: Do not cut and patch operating elements and related components in a manner 
that results in reducing their capacity to perform as intended or that results in increased maintenance or 
decreased operational life or safety. Operational elements include the following: 

a. Primary operational systems and equipment. 
b. Fire separation assemblies. 
c. Air or smoke barriers. 
d. Fire-suppression systems. 
e. Plumbing piping systems. 
f. Mechanical systems piping and ducts. 
g. Control systems. 
h. Communication systems. 
i. Fire-detection and -alarm systems. 
j. Conveying systems. 
k. Electrical wiring systems. 
l. Operating systems of special construction. 
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3. Other Construction Elements: Do not cut and patch other construction elements or components in a 
manner that could change their load-carrying capacity, that results in reducing their capacity to perform 
as intended, or that results in increased maintenance or decreased operational life or safety. Other 
construction elements include but are not limited to the following: 

a. Water, moisture, or vapor barriers. 
b. Membranes and flashings. 
c. Exterior curtain-wall construction. 
d. Sprayed fire-resistive material. 
e. Equipment supports. 
f. Piping, ductwork, vessels, and equipment. 
g. Noise- and vibration-control elements and systems. 

4. Visual Elements: Do not cut and patch construction in a manner that results in visual evidence of cutting 
and patching. Do not cut and patch exposed construction in a manner that would, in Architect's opinion, 
reduce the building's aesthetic qualities. Remove and replace construction that has been cut and 
patched in a visually unsatisfactory manner. 

B. Manufacturer's Installation Instructions: Obtain and maintain on-site manufacturer's written recommendations 
and instructions for installation of products and equipment. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. General: Comply with requirements specified in other Sections. 

1. For projects requiring compliance with sustainable design and construction practices and procedures, 
use products for patching that comply with sustainable design requirements. 

B. In-Place Materials: Use materials for patching identical to in-place materials. For exposed surfaces, use 
materials that visually match in-place adjacent surfaces to the fullest extent possible. 

1. If identical materials are unavailable or cannot be used, use materials that, when installed, will provide 
a match acceptable to Architect for the visual and functional performance of in-place materials. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Existing Conditions: The existence and location of other utilities and construction indicated as existing are not 
guaranteed. Before beginning work, investigate and verify the existence and location of underground 
utilities, mechanical and electrical systems, and other construction affecting the Work. 

1. Before construction, verify the location and invert elevation at points of connection of sanitary sewer, 
storm sewer, and water-service piping; electrical services; and other utilities. 

2. Furnish location data for work related to Project that must be performed by public utilities serving Project. 

B. Examination and Acceptance of Conditions: Before proceeding with each component of the Work, examine 
substrates, areas, and conditions, with Installer or Applicator present where indicated, for compliance with 
requirements for installation tolerances and other conditions affecting performance. Record observations. 

1. Examine roughing-in for mechanical and electrical systems to verify actual locations of connections 
before equipment and fixture installation. 
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2. Examine walls, floors, and roofs for suitable conditions where products and systems are to be installed. 
3. Verify compatibility with and suitability of substrates, including compatibility with existing finishes or 

primers. 

C. Written Report: Where a written report listing conditions detrimental to performance of the Work is required by 
other Sections, include the following: 

1. Description of the Work. 
2. List of detrimental conditions, including substrates. 
3. List of unacceptable installation tolerances. 
4. Recommended corrections. 

D. Proceed with installation only after unsatisfactory conditions have been corrected. Proceeding with the Work 
indicates acceptance of surfaces and conditions. 

3.2 PREPARATION 

A. Field Measurements: Take field measurements as required to fit the Work properly. Recheck measurements 
before installing each product. Where portions of the Work are indicated to fit to other construction, verify 
dimensions of other construction by field measurements before fabrication. Coordinate fabrication schedule 
with construction progress to avoid delaying the Work. 

B. Space Requirements: Verify space requirements and dimensions of items shown diagrammatically on 
Drawings. 

C. Review of Contract Documents and Field Conditions: Immediately on discovery of the need for clarification of 
the Contract Documents caused by differing field conditions outside the control of Contractor, submit a request 
for information to Architect according to requirements in Section 01 31 00 "Project Management and 
Coordination." 

3.3 CONSTRUCTION LAYOUT 

A. Verification: Before proceeding to lay out the Work, verify layout information shown on Drawings, in relation to 
the property survey and existing benchmarks. If discrepancies are discovered, notify Architect promptly. 

B. Site Improvements: Locate and lay out site improvements, including pavements, grading, fill and topsoil 
placement, utility slopes, and rim and invert elevations. 

C. Record Log: Maintain a log of layout control work. Record deviations from required lines and levels. Include 
beginning and ending dates and times of surveys, weather conditions, name and duty of each survey party 
member, and types of instruments and tapes used. Make the log available for reference by Architect. 

3.4 INSTALLATION 

A. General: Locate the Work and components of the Work accurately, in correct alignment and elevation, as 
indicated. 

1. Make vertical work plumb and make horizontal work level. 
2. Where space is limited, install components to maximize space available for maintenance and ease of 

removal for replacement. 
3. Conceal pipes, ducts, and wiring in finished areas unless otherwise indicated. 

B. Comply with manufacturer's written instructions and recommendations for installing products in applications 
indicated. 
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C. Install products at the time and under conditions that will ensure the best possible results. Maintain conditions 
required for product performance until Substantial Completion. 

D. Conduct construction operations so no part of the Work is subjected to damaging operations or loading in 
excess of that expected during normal conditions of occupancy. 

E. Sequence the Work and allow adequate clearances to accommodate movement of construction items on site 
and placement in permanent locations. 

F. Tools and Equipment: Where possible, select tools or equipment that minimize production of excessive noise 
levels. 

G. Templates: Obtain and distribute to the parties involved templates for work specified to be factory prepared 
and field installed. Check Shop Drawings of other portions of the Work to confirm that adequate provisions are 
made for locating and installing products to comply with indicated requirements. 

H. Attachment: Provide blocking and attachment plates and anchors and fasteners of adequate size and number 
to securely anchor each component in place, accurately located and aligned with other portions of the Work. 
Where size and type of attachments are not indicated, verify size and type required for load conditions. 

1. Mounting Heights: Where mounting heights are not indicated, mount components at heights directed by 
Architect. 

2. Allow for building movement, including thermal expansion and contraction. 
3. Coordinate installation of anchorages. Furnish setting drawings, templates, and directions for installing 

anchorages, including sleeves, concrete inserts, anchor bolts, and items with integral anchors, that are 
to be embedded in concrete or masonry. Deliver such items to Project site in time for installation. 

I. Joints: Make joints of uniform width. Where joint locations in exposed work are not indicated, arrange joints for 
the best visual effect. Fit exposed connections together to form hairline joints. 

J. Repair or remove and replace damaged, defective, or nonconforming Work. 

1. Comply with Section 01 77 00 "Closeout Procedures" for repairing or removing and replacing defective 
Work. 

3.5 CUTTING AND PATCHING 

A. Cutting and Patching, General: Employ skilled workers to perform cutting and patching. Proceed with cutting 
and patching at the earliest feasible time, and complete without delay. 

1. Cut in-place construction to provide for installation of other components or performance of other 
construction, and subsequently patch as required to restore surfaces to their original condition. 

B. Existing Warranties: Remove, replace, patch, and repair materials and surfaces cut or damaged during 
installation or cutting and patching operations, by methods and with materials so as not to void existing 
warranties. 

C. Temporary Support: Provide temporary support of work to be cut. 

D. Protection: Protect in-place construction during cutting and patching to prevent damage. Provide protection 
from adverse weather conditions for portions of Project that might be exposed during cutting and patching 
operations. 

E. Adjacent Occupied Areas: Where interference with use of adjoining areas or interruption of free passage to 
adjoining areas is unavoidable, coordinate cutting and patching according to requirements in Section 01 10 00 
"Summary." 
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F. Existing Utility Services and Mechanical/Electrical Systems: Where existing services/systems are required to 
be removed, relocated, or abandoned, bypass such services/systems before cutting to minimize interruption 
to occupied areas. 

G. Cutting: Cut in-place construction by sawing, drilling, breaking, chipping, grinding, and similar operations, 
including excavation, using methods least likely to damage elements retained or adjoining construction. If 
possible, review proposed procedures with original Installer; comply with original Installer's written 
recommendations. 

1. In general, use hand or small power tools designed for sawing and grinding, not hammering and 
chopping. Cut holes and slots neatly to minimum size required, and with minimum disturbance of 
adjacent surfaces. Temporarily cover openings when not in use. 

2. Finished Surfaces: Cut or drill from the exposed or finished side into concealed surfaces. 
3. Concrete and Masonry: Cut using a cutting machine, such as an abrasive saw or a diamond-core drill. 
4. Excavating and Backfilling: Comply with requirements in applicable Sections where required by cutting 

and patching operations. 
5. Mechanical and Electrical Services: Cut off pipe or conduit in walls or partitions to be removed. Cap, 

valve, or plug and seal remaining portion of pipe or conduit to prevent entrance of moisture or other 
foreign matter after cutting. 

6. Proceed with patching after construction operations requiring cutting are complete. 

H. Patching: Patch construction by filling, repairing, refinishing, closing up, and similar operations following 
performance of other work. Patch with durable seams that are as invisible as practicable. Provide materials 
and comply with installation requirements specified in other Sections, where applicable. 

1. Inspection: Where feasible, test and inspect patched areas after completion to demonstrate physical 
integrity of installation. 

2. Exposed Finishes: Restore exposed finishes of patched areas and extend finish restoration into retained 
adjoining construction in a manner that will minimize evidence of patching and refinishing. 

a. Clean piping, conduit, and similar features before applying paint or other finishing materials. 
b. Restore damaged pipe covering to its original condition. 

3. Floors and Walls: Where walls or partitions that are removed extend one finished area into another, 
patch and repair floor and wall surfaces in the new space. Provide an even surface of uniform finish, 
color, texture, and appearance. Remove in-place floor and wall coverings and replace with new 
materials, if necessary, to achieve uniform color and appearance. 

a. Where patching occurs in a painted surface, prepare substrate and apply primer and intermediate 
paint coats appropriate for substrate over the patch, and apply final paint coat over entire 
unbroken surface containing the patch. Provide additional coats until patch blends with adjacent 
surfaces. 

4. Ceilings: Patch, repair, or rehang in-place ceilings as necessary to provide an even-plane surface of 
uniform appearance. 

5. Exterior Building Enclosure: Patch components in a manner that restores enclosure to a weathertight 
condition and ensures thermal and moisture integrity of building enclosure. 

I. Cleaning: Clean areas and spaces where cutting and patching are performed. Remove paint, mortar, oils, 
putty, and similar materials from adjacent finished surfaces. 

3.6 PROGRESS CLEANING 

A. General: Clean Project site and work areas daily, including common areas. Enforce requirements strictly. 
Dispose of materials lawfully. 

1. Comply with requirements in NFPA 241 for removal of combustible waste materials and debris. 
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2. Do not hold waste materials more than seven days during normal weather or three days if the 
temperature is expected to rise above 80 deg. 

3. Containerize hazardous and unsanitary waste materials separately from other waste. Mark containers 
appropriately and dispose of legally, according to regulations. 

a. Use containers intended for holding waste materials of type to be stored. 

4. Coordinate progress cleaning for joint-use areas where Contractor and other contractors are working 
concurrently. 

B. Site: Maintain Project site free of waste materials and debris. 

C. Work Areas: Clean areas where work is in progress to the level of cleanliness necessary for proper execution 
of the Work. 

1. Remove liquid spills promptly. 
2. Where dust would impair proper execution of the Work, broom-clean or vacuum the entire work area, as 

appropriate. 

D. Installed Work: Keep installed work clean. Clean installed surfaces according to written instructions of 
manufacturer or fabricator of product installed, using only cleaning materials specifically recommended. If 
specific cleaning materials are not recommended, use cleaning materials that are not hazardous to health or 
property and that will not damage exposed surfaces. 

E. Concealed Spaces: Remove debris from concealed spaces before enclosing the space. 

F. Exposed Surfaces in Finished Areas: Clean exposed surfaces and protect as necessary to ensure freedom 
from damage and deterioration at time of Substantial Completion. 

G. Waste Disposal: Do not bury or burn waste materials on-site. Do not wash waste materials down sewers or 
into waterways. Comply with waste disposal requirements in Section 01 74 19 "Construction Waste 
Management and Disposal." 

H. During handling and installation, clean and protect construction in progress and adjoining materials already in 
place. Apply protective covering where required to ensure protection from damage or deterioration at 
Substantial Completion. 

I. Clean and provide maintenance on completed construction as frequently as necessary through the remainder 
of the construction period. Adjust and lubricate operable components to ensure operability without damaging 
effects. 

J. Limiting Exposures: Supervise construction operations to ensure that no part of the construction, completed or 
in progress, is subject to harmful, dangerous, damaging, or otherwise deleterious exposure during the 
construction period. 

3.7 STARTING AND ADJUSTING 

A. Coordinate startup and adjusting of equipment and operating components with requirements in other Sections. 

B. Start equipment and operating components to confirm proper operation. Remove malfunctioning units, replace 
with new units, and retest. 

C. Adjust equipment for proper operation. Adjust operating components for proper operation without binding. 

D. Test each piece of equipment to verify proper operation. Test and adjust controls and safeties. Replace 
damaged and malfunctioning controls and equipment. 
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E. Manufacturer's Field Service: Comply with qualification requirements in Section 01 40 00 "Quality 
Requirements." 

3.8 PROTECTION OF INSTALLED CONSTRUCTION 

A. Provide final protection and maintain conditions that ensure installed Work is without damage or deterioration 
at time of Substantial Completion. 

B. Protection of Existing Items: Provide protection and ensure that existing items to remain undisturbed by 
construction are maintained in condition that existed at commencement of the Work. 

C. Comply with manufacturer's written instructions for temperature and relative humidity. 

END OF SECTION 01 73 00 
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01 74 19 CONSTRUCTION WASTE MANAGEMENT AND DISPOSAL 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other 
Division 01 Specification Sections, apply to this Section. 

B. The Secretary of the Interior’s Standards for the Treatment of Historic Properties with Guidelines for Preserving, 
Rehabilitating, Restoring, & Reconstructing Historic Buildings. 

1.2 SUMMARY 

A. Section includes administrative and procedural requirements for the following: 

1. Salvaging nonhazardous demolition and construction waste. 
2. Disposing of nonhazardous demolition and construction waste. 

B. Related Requirements: 

1. Section 02 41 19 "Selective Demolition" for disposition of waste resulting from partial demolition of 
buildings, structures, and site improvements, and for disposition of hazardous waste. 

1.3 DEFINITIONS 

A. Construction Waste: Building and site improvement materials and other solid waste resulting from construction, 
remodeling, renovation, or repair operations. Construction waste includes packaging. 

B. Demolition Waste: Building and site improvement materials resulting from demolition or selective demolition 
operations. 

C. Disposal: Removal off-site of demolition and construction waste and subsequent sale, recycling, reuse, or 
deposit in landfill or incinerator acceptable to authorities having jurisdiction. 

D. Recycle: Recovery of demolition or construction waste for subsequent processing in preparation for reuse. 

E. Salvage: Recovery of demolition or construction waste and subsequent sale or reuse in another facility. 

F. Salvage and Reuse: Recovery of demolition or construction waste and subsequent incorporation into the Work. 

1.4 ACTION SUBMITTALS 

A. Waste Management Plan: Submit plan within 7 days of date established for the Notice to Proceed. 

1.5 QUALITY ASSURANCE 

A. Refrigerant Recovery Technician Qualifications: Certified by EPA-approved certification program. 

B. Regulatory Requirements: Comply with hauling and disposal regulations of authorities having jurisdiction. 
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C. Waste Management Conference: Conduct conference at Project site to comply with requirements in Section 01 
31 00 "Project Management and Coordination." Review methods and procedures related to waste 
management including, but not limited to, the following: 

1. Review and discuss waste management plan including responsibilities of waste management 
coordinator. 

2. Review requirements for documenting quantities of each type of waste and its disposition. 
3. Review and finalize procedures for materials separation and verify availability of containers and bins 

needed to avoid delays. 
4. Review procedures for periodic waste collection and transportation to recycling and disposal facilities. 
5. Review waste management requirements for each trade. 

1.6 WASTE MANAGEMENT PLAN 

A. General: Develop a waste management plan according to ASTM E 1609 and requirements in this Section. 
Plan shall consist of waste identification, waste reduction work plan, and cost/revenue analysis. Indicate 
quantities by weight or volume, but use same units of measure throughout waste management plan. 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION 

3.1 PLAN IMPLEMENTATION 

A. General: Implement approved waste management plan. Provide handling, containers, storage, signage, 
transportation, and other items as required to implement waste management plan during the entire duration of 
the Contract. 

1. Comply with operation, termination, and removal requirements in Section 01 50 00 "Temporary Facilities 
and Controls." 

B. Training: Train workers, subcontractors, and suppliers on proper waste management procedures, as 
appropriate for the Work. 

1. Distribute waste management plan to everyone concerned within three days of submittal return. 
2. Distribute waste management plan to entities when they first begin work on-site. Review plan procedures 

and locations established for salvage, recycling, and disposal. 

C. Site Access and Temporary Controls: Conduct waste management operations to ensure minimum interference 
with roads, streets, walks, walkways, and other adjacent occupied and used facilities. 

1. Designate and label specific areas on Project site necessary for separating materials that are to be 
salvaged, recycled, reused, donated, and sold. 

2. Comply with Section 01 50 00 "Temporary Facilities and Controls" for controlling dust and dirt, 
environmental protection, and noise control. 

3.2 DISPOSAL OF WASTE 

A. General: Except for items or materials to be salvaged, recycled, or otherwise reused, remove waste materials 
from Project site and legally dispose of them in a landfill or incinerator acceptable to authorities having 
jurisdiction. 
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1. Except as otherwise specified, do not allow waste materials that are to be disposed of accumulate on-
site. 

2. Remove and transport debris in a manner that will prevent spillage on adjacent surfaces and areas. 

B. Burning: Do not burn waste materials. 

C. Burning: Burning of waste materials is permitted only at designated areas on Owner's property, provided 
required permits are obtained. Provide full-time monitoring for burning materials until fires are extinguished. 

D. Disposal: Remove waste materials and dispose of at designated spoil areas on Owner's property. 

E. Disposal: Remove waste materials from Owner's property and legally dispose of them. 

END OF SECTION 01 74 19 
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01 77 00 CLOSEOUT PROCEDURES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other 
Division 01 Specification Sections, apply to this Section. 

B. The Secretary of the Interior’s Standards for the Treatment of Historic Properties with Guidelines for Preserving, 
Rehabilitating, Restoring, & Reconstructing Historic Buildings. 

1.2 SUMMARY 

A. Section includes administrative and procedural requirements for contract closeout, including, but not limited to, 
the following: 

1. Substantial Completion procedures. 
2. Final Completion procedures. 
3. Warranties. 
4. List of incomplete items (final job walk and punch list). 
5. Final cleaning. 
6. Repair of the Work. 

B. Related Requirements: 

1. Section 01 32 33 "Photographic Documentation" for submitting final completion construction 
photographic documentation. 

2. Section 01 40 00 “Quality Requirements” for Zero-Punch List coordination and execution. 
3. Section 01 78 23 "Operation and Maintenance Data" for additional operation and maintenance manual 

requirements. 
4. Section 01 78 39 "Project Record Documents" for submitting Record Drawings, Record Specifications, 

and Record Product Data. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of cleaning agent. 

B. Contractor's List of Incomplete Items: Initial submittal at Substantial Completion. 

C. Certified List of Incomplete Items: Final submittal at final completion. 

1.4 CLOSEOUT SUBMITTALS 

A. Certificates of Release: From authorities having jurisdiction. 

B. Certificate of Insurance: For continuing coverage. 

C. Field Report: For pest control inspection. 
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1.5 MAINTENANCE MATERIAL SUBMITTALS 

A. Schedule of Maintenance Material Items: For maintenance material submittal items specified in other Sections. 

1.6 SUBSTANTIAL COMPLETION PROCEDURES 

A. Contractor's List of Incomplete Items: Prepare and submit a list of items to be completed and corrected 
(Contractor's punch list), indicating the value of each item on the list and reasons why the Work is incomplete. 

B. Submittals Prior to Substantial Completion: Complete the following a minimum of 10 days prior to requesting 
inspection for determining date of Substantial Completion. List items below that are incomplete at time of 
request. 

1. Certificates of Release: Obtain and submit releases from authorities having jurisdiction permitting Owner 
unrestricted use of the Work and access to services and utilities. Include occupancy permits, operating 
certificates, and similar releases. 

2. Submit closeout submittals specified in other Division 01 Sections, including project record documents, 
operation and maintenance manuals, damage or settlement surveys, property surveys, and similar final 
record information. 

3. Submit closeout submittals specified in individual Sections, including specific warranties, workmanship 
bonds, maintenance service agreements, final certifications, and similar documents. 

4. Submit maintenance material submittals specified in individual Sections, including tools, spare parts, 
extra materials, and similar items, and deliver to location designated by Architect. Label with 
manufacturer's name and model number. 

a. Schedule of Maintenance Material Items: Prepare and submit schedule of maintenance material 
submittal items, including name and quantity of each item and name and number of related 
Specification Section. Obtain Architect's or Owner's signature for receipt of submittals. 

5. Submit testing, adjusting, and balancing records. 
6. Submit sustainable design submittals not previously submitted. 
7. Submit changeover information related to Owner's occupancy, use, operation, and maintenance. 

C. Procedures Prior to Substantial Completion: Complete the following a minimum of 10 days prior to requesting 
inspection for determining date of Substantial Completion. List items below that are incomplete at time of 
request. 

1. Advise Owner of pending insurance changeover requirements. 
2. Make final changeover of permanent locks and deliver keys to Owner. Advise Owner's personnel of 

changeover in security provisions. 
3. Complete startup and testing of systems and equipment. 
4. Perform preventive maintenance on equipment used prior to Substantial Completion. 
5. Instruct Owner's personnel in operation, adjustment, and maintenance of products, equipment, and 

systems. Submit demonstration and training video recordings specified in Section 017900 
"Demonstration and Training." 

6. Advise Owner of changeover in utility services. 
7. Participate with Owner in conducting inspection and walkthrough with local emergency responders. 
8. Terminate and remove temporary facilities from Project site, along with mockups, construction tools, and 

similar elements. 
9. Complete final cleaning requirements. 
10. Touch up paint and otherwise repair and restore marred exposed finishes to eliminate visual defects. 

D. Inspection: Submit a written request for inspection to determine Substantial Completion a minimum of 10 days 
prior to date the Work will be completed and ready for final inspection and tests. On receipt of request, Architect 
will either proceed with inspection or notify Contractor of unfulfilled requirements. Architect will prepare the 
Certificate of Substantial Completion after inspection or will notify Contractor of items, either on Contractor's 
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list or additional items identified by Architect, that must be completed or corrected before certificate will be 
issued. 

1. Request re-inspection when the Work identified in previous inspections as incomplete is completed or 
corrected. 

2. Results of completed inspection will form the basis of requirements for final completion. 

1.7 FINAL COMPLETION PROCEDURES 

A. Submittals Prior to Final Completion: Before requesting final inspection for determining final completion, 
complete the following: 

1. Submit a final Application for Payment according to Section 012900 "Payment Procedures." 
2. Certified List of Incomplete Items: Submit certified copy of Architect's Substantial Completion inspection 

list of items to be completed or corrected (punch list), endorsed and dated by Architect. Certified copy 
of the list shall state that each item has been completed or otherwise resolved for acceptance. 

3. Certificate of Insurance: Submit evidence of final, continuing insurance coverage complying with 
insurance requirements. 

4. Submit pest-control final inspection report. 
5. Submit final completion photographic documentation. 

B. Inspection: Submit a written request for final inspection to determine acceptance a minimum of 10 days prior 
to date the work will be completed and ready for final inspection and tests. On receipt of request, Architect will 
either proceed with inspection or notify Contractor of unfulfilled requirements. Architect will prepare a final 
Certificate for Payment after inspection or will notify Contractor of construction that must be completed or 
corrected before certificate will be issued. 

1. Request re-inspection when the Work identified in previous inspections as incomplete is completed or 
corrected. 

1.8 LIST OF INCOMPLETE ITEMS (FINAL JOB WALK AND PUNCH LIST) 

A. General Contractor to coordinate and organize a final job walk with Owner, Architect, and other stakeholders 
as identified by the Owner and design team. 

B. Coordination and execution of Zero-Punch List as specified in Section 01 40 00 Quality Requirements. 

C. Organization of List: Include name and identification of each space and area affected by construction 

operations for incomplete items and items needing correction including, if necessary, areas disturbed by 

Contractor that are outside the limits of construction. 

1. Organize list of spaces in sequential order, starting with exterior areas first and proceeding from lowest 
floor to highest floor. 

2. Organize items applying to each space by major element, including categories for ceiling, individual 
walls, floors, equipment, and building systems. 

3. Include the following information at the top of each page: 

a. Project name. 
b. Date. 
c. Name of Architect. 
d. Name of Contractor. 
e. Page number. 

4. Submit list of incomplete items in the following format: 
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a. PDF electronic file. Architect will return annotated file. 

1.9 SUBMITTAL OF PROJECT WARRANTIES 

A. Time of Submittal: Submit written warranties on request of Architect for designated portions of the Work where 
warranties are indicated to commence on dates other than date of Substantial Completion, or when delay in 
submittal of warranties might limit Owner's rights under warranty. 

B. Organize warranty documents into an orderly sequence based on the table of contents of Project Manual. 

C. Warranty Electronic File: Provide warranties and bonds in PDF format. Assemble complete warranty and bond 
submittal package into a single electronic PDF file with bookmarks enabling navigation to each item. Provide 
bookmarked table of contents at beginning of document. 

1. Submit on digital media acceptable to Architect. 

D. Warranties in Paper Form: 

1. Bind warranties and bonds in heavy-duty, three-ring, vinyl-covered, loose-leaf binders, thickness as 
necessary to accommodate contents, and sized to receive 8-1/2-by-11-inch paper. 

2. Provide heavy paper dividers with plastic-covered tabs for each separate warranty. Mark tab to identify 
the product or installation. Provide a typed description of the product or installation, including the name 
of the product and the name, address, and telephone number of Installer. 

3. Identify each binder on the front and spine with the typed or printed title "WARRANTIES," Project name, 
and name of Contractor. 

E. Provide additional copies of each warranty to include in operation and maintenance manuals. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. Cleaning Agents: Use cleaning materials and agents recommended by manufacturer or fabricator of the 
surface to be cleaned. Do not use cleaning agents that are potentially hazardous to health or property or that 
might damage finished surfaces. 

1. Use cleaning products that comply with Green Seal's GS-37, or if GS-37 is not applicable, use products 
that comply with the California Code of Regulations maximum allowable VOC levels. 

PART 3 - EXECUTION 

3.1 FINAL CLEANING 

A. General: Perform final cleaning. Conduct cleaning and waste-removal operations to comply with local laws and 
ordinances and Federal and local environmental and antipollution regulations. 

B. Cleaning: Employ experienced workers or professional cleaners for final cleaning. Clean each surface or unit 
to condition expected in an average commercial building cleaning and maintenance program. Comply with 
manufacturer's written instructions. 
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1. Complete the following cleaning operations before requesting inspection for certification of Substantial 
Completion for entire Project or for a designated portion of Project: 

a. Clean Project site, yard, and grounds, in areas disturbed by construction activities, including 
landscape development areas, of rubbish, waste material, litter, and other foreign substances. 

b. Sweep paved areas broom clean. Remove petrochemical spills, stains, and other foreign 
deposits. 

c. Rake grounds that are not planted, mulched, or paved to a smooth, even-textured surface. 
d. Remove tools, construction equipment, machinery, and surplus material from Project site. 
e. Remove snow and ice to provide safe access to building. 
f. Clean exposed exterior and interior hard-surfaced finishes to a dirt-free condition, free of stains, 

films, and similar foreign substances. Avoid disturbing natural weathering of exterior surfaces. 
Restore reflective surfaces to their original condition. 

g. Remove debris and surface dust from limited access spaces, including roofs, plenums, shafts, 
trenches, equipment vaults, manholes, attics, and similar spaces. 

h. Sweep concrete floors broom clean in unoccupied spaces. 
i. Vacuum carpet and similar soft surfaces, removing debris and excess nap; clean according to 

manufacturer's recommendations if visible soil or stains remain. 
j. Clean transparent materials, including mirrors and glass in doors and windows. Remove glazing 

compounds and other noticeable, vision-obscuring materials. Polish mirrors and glass, taking care 
not to scratch surfaces. 

k. Remove labels that are not permanent. 
l. Wipe surfaces of mechanical and electrical equipment, elevator equipment, and similar 

equipment. Remove excess lubrication, paint and mortar droppings, and other foreign 
substances. 

m. Clean plumbing fixtures to a sanitary condition, free of stains, including stains resulting from water 
exposure. 

n. Replace disposable air filters and clean permanent air filters. Clean exposed surfaces of diffusers, 
registers, and grills. 

o. Clean ducts, blowers, and coils if units were operated without filters during construction or that 
display contamination with particulate matter on inspection. 

1) Clean HVAC system in compliance with NADCA ACR. and Section 230130.51 "HVAC Air-
Distribution System Cleaning." Provide written report on completion of cleaning. 

p. Clean light fixtures, lamps, globes, and reflectors to function with full efficiency. 
q. Leave Project clean and ready for occupancy. 

C. Construction Waste Disposal: Comply with waste disposal requirements in Section 01 74 19 "Construction 
Waste Management and Disposal." 

3.2 REPAIR OF THE WORK 

A. Complete repair and restoration operations before requesting inspection for determination of Substantial 
Completion. 

B. Repair, or remove and replace, defective construction. Repairing includes replacing defective parts, refinishing 
damaged surfaces, touching up with matching materials, and properly adjusting operating equipment. Where 
damaged or worn items cannot be repaired or restored, provide replacements. Remove and replace operating 
components that cannot be repaired. Restore damaged construction and permanent facilities used during 
construction to specified condition. 

1. Remove and replace chipped, scratched, and broken glass, reflective surfaces, and other damaged 
transparent materials. 

2. Touch up and otherwise repair and restore marred or exposed finishes and surfaces. Replace finishes 
and surfaces that that already show evidence of repair or restoration. 
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a. Do not paint over "UL" and other required labels and identification, including mechanical and 
electrical nameplates. Remove paint applied to required labels and identification. 

3. Replace parts subject to operating conditions during construction that may impede operation or reduce 
longevity. 

4. Replace burned-out bulbs, bulbs noticeably dimmed by hours of use, and defective and noisy starters 
in fluorescent and mercury vapor fixtures to comply with requirements for new fixtures. 

END OF SECTION 01 77 00 
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01 78 23 OPERATION AND MAINTENANCE DATA 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other 
Division 01 Specification Sections, apply to this Section. 

B. The Secretary of the Interior’s Standards for the Treatment of Historic Properties with Guidelines for Preserving, 
Rehabilitating, Restoring, & Reconstructing Historic Buildings. 

1.2 SUMMARY 

A. Section includes administrative and procedural requirements for preparing operation and maintenance 
manuals, including the following: 

1. Operation and maintenance documentation directory manuals. 
2. Emergency manuals. 
3. Systems and equipment operation manuals. 
4. Systems and equipment maintenance manuals. 
5. Product maintenance manuals. 

B. Related Requirements: 

1. Section 01 33 00 "Submittal Procedures" for submitting copies of submittals for operation and 
maintenance manuals. 

1.3 DEFINITIONS 

A. System: An organized collection of parts, equipment, or subsystems united by regular interaction. 

B. Subsystem: A portion of a system with characteristics similar to a system. 

1.4 CLOSEOUT SUBMITTALS 

A. Submit operation and maintenance manuals indicated. Provide content for each manual as specified in 
individual Specification Sections, and as reviewed and approved at the time of Section submittals. Submit 
reviewed manual content formatted and organized as required by this Section. 

1. Architect will comment on whether content of operation and maintenance submittals is acceptable. 
2. Where applicable, clarify and update reviewed manual content to correspond to revisions and field 

conditions. 

B. Format: Submit operation and maintenance manuals in the following format: 

1. Submit on digital media acceptable to Architect. Enable reviewer comments on draft submittals. 
2. Submit three paper copies.  

C. Initial Manual Submittal: Submit draft copy of each manual at least 10 days before commencing demonstration 
and training. Architect will comment on whether general scope and content of manual are acceptable. 
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D. Final Manual Submittal: Submit each manual in final form prior to requesting inspection for Substantial 
Completion and at least 10 days before commencing demonstration and training. Architect will return copy with 
comments. 

1. Correct or revise each manual to comply with Architect's comments. Submit copies of each corrected 
manual within 10 days of receipt of Architect's comments and prior to commencing demonstration and 
training. 

E. Comply with Section 01 77 00 "Closeout Procedures" for schedule for submitting operation and maintenance 
documentation. 

1.5 FORMAT OF OPERATION AND MAINTENANCE MANUALS 

A. Manuals, Electronic Files: Submit manuals in the form of a multiple file composite electronic PDF file for each 
manual type required. 

1. Electronic Files: Use electronic files prepared by manufacturer where available. Where scanning of 
paper documents is required, configure scanned file for minimum readable file size. 

2. File Names and Bookmarks: Bookmark individual documents based on file names. Name document files 
to correspond to system, subsystem, and equipment names used in manual directory and table of 
contents. Group documents for each system and subsystem into individual composite bookmarked files, 
then create composite manual, so that resulting bookmarks reflect the system, subsystem, and 
equipment names in a readily navigated file tree. Configure electronic manual to display bookmark panel 
on opening file. 

B. Manuals, Paper Copy: Submit manuals in the form of hard-copy, bound and labeled volumes. 

1. Binders: Heavy-duty, three-ring, vinyl-covered, loose-leaf binders, in thickness necessary to 
accommodate contents, sized to hold 8-1/2-by-11-inch paper; with clear plastic sleeve on spine to hold 
label describing contents and with pockets inside covers to hold folded oversize sheets. 

a. If two or more binders are necessary to accommodate data of a system, organize data in each 
binder into groupings by subsystem and related components. Cross-reference other binders if 
necessary to provide essential information for proper operation or maintenance of equipment or 
system. 

b. Identify each binder on front and spine, with printed title "OPERATION AND MAINTENANCE 
MANUAL," Project title or name, and subject matter of contents, and indicate Specification 
Section number on bottom of spine. Indicate volume number for multiple-volume sets. 

2. Dividers: Heavy-paper dividers with plastic-covered tabs for each section of the manual. Mark each tab 
to indicate contents. Include typed list of products and major components of equipment included in the 
section on each divider, cross-referenced to Specification Section number and title of Project Manual. 

3. Protective Plastic Sleeves: Transparent plastic sleeves designed to enclose diagnostic software storage 
media for computerized electronic equipment. Enclose title pages and directories in clear plastic sleeves. 

4. Supplementary Text: Prepared on 8-1/2-by-11-inch white bond paper. 
5. Drawings: Attach reinforced, punched binder tabs on drawings and bind with text. 

a. If oversize drawings are necessary, fold drawings to same size as text pages and use as foldouts. 
b. If drawings are too large to be used as foldouts, fold and place drawings in labeled envelopes and 

bind envelopes in rear of manual. At appropriate locations in manual, insert typewritten pages 
indicating drawing titles, descriptions of contents, and drawing locations. 
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1.6 REQUIREMENTS FOR EMERGENCY, OPERATION, AND MAINTENANCE MANUALS 

A. Organization of Manuals: Unless otherwise indicated, organize each manual into a separate section for each 
system and subsystem, and a separate section for each piece of equipment not part of a system. Each manual 
shall contain the following materials, in the order listed: 

1. Title page. 
2. Table of contents. 
3. Manual contents. 

B. Title Page: Include the following information: 

1. Subject matter included in manual. 
2. Name and address of Project. 
3. Name and address of Owner. 
4. Date of submittal. 
5. Name and contact information for Contractor. 
6. Name and contact information for Construction Manager. 
7. Name and contact information for Architect. 
8. Name and contact information for Commissioning Authority. 
9. Names and contact information for major consultants to the Architect that designed the systems 

contained in the manuals. 
10. Cross-reference to related systems in other operation and maintenance manuals. 

C. Table of Contents: List each product included in manual, identified by product name, indexed to the content of 
the volume, and cross-referenced to Specification Section number in Project Manual. 

1. If operation or maintenance documentation requires more than one volume to accommodate data, 
include comprehensive table of contents for all volumes in each volume of the set. 

D. Manual Contents: Organize into sets of manageable size. Arrange contents alphabetically by system, 
subsystem, and equipment. If possible, assemble instructions for subsystems, equipment, and components of 
one system into a single binder. 

E. Identification: In the documentation directory and in each operation and maintenance manual, identify each 
system, subsystem, and piece of equipment with same designation used in the Contract Documents. If no 
designation exists, assign a designation according to ASHRAE Guideline 4, "Preparation of Operating and 
Maintenance Documentation for Building Systems." 

1.7 OPERATION AND MAINTENANCE DOCUMENTATION DIRECTORY MANUAL 

A. Operation and Maintenance Documentation Directory: Prepare a separate manual that provides an organized 
reference to emergency, operation, and maintenance manuals. List items and their location to facilitate ready 
access to desired information. Include the following: 

1. List of Systems and Subsystems: List systems alphabetically. Include references to operation and 
maintenance manuals that contain information about each system. 

2. List of Equipment: List equipment for each system, organized alphabetically by system. For pieces of 
equipment not part of system, list alphabetically in separate list. 

3. Tables of Contents: Include a table of contents for each emergency, operation, and maintenance 
manual. 
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1.8 EMERGENCY MANUALS 

A. Emergency Manual: Assemble a complete set of emergency information indicating procedures for use by 
emergency personnel and by Owner's operating personnel for types of emergencies indicated. 

B. Content: Organize manual into a separate section for each of the following: 

1. Type of emergency. 
2. Emergency instructions. 
3. Emergency procedures. 

C. Type of Emergency: Where applicable for each type of emergency indicated below, include instructions and 
procedures for each system, subsystem, piece of equipment, and component: 

1. Fire. 
2. Flood. 
3. Gas leak. 
4. Water leak. 
5. Power failure. 
6. Water outage. 
7. System, subsystem, or equipment failure. 
8. Chemical release or spill. 

D. Emergency Instructions: Describe and explain warnings, trouble indications, error messages, and similar codes 
and signals. Include responsibilities of Owner's operating personnel for notification of Installer, supplier, and 
manufacturer to maintain warranties. 

E. Emergency Procedures: Include the following, as applicable: 

1. Instructions on stopping. 
2. Shutdown instructions for each type of emergency. 
3. Operating instructions for conditions outside normal operating limits. 
4. Required sequences for electric or electronic systems. 
5. Special operating instructions and procedures. 

1.9 SYSTEMS AND EQUIPMENT OPERATION MANUALS 

A. Systems and Equipment Operation Manual: Assemble a complete set of data indicating operation of each 
system, subsystem, and piece of equipment not part of a system. Include information required for daily 
operation and management, operating standards, and routine and special operating procedures. 

1. Engage a factory-authorized service representative to assemble and prepare information for each 
system, subsystem, and piece of equipment not part of a system. 

2. Prepare a separate manual for each system and subsystem, in the form of an instructional manual for 
use by Owner's operating personnel. 

B. Content: In addition to requirements in this Section, include operation data required in individual Specification 
Sections and the following information: 

1. System, subsystem, and equipment descriptions. Use designations for systems and equipment 
indicated on Contract Documents. 

2. Performance and design criteria if Contractor has delegated design responsibility. 
3. Operating standards. 
4. Operating procedures. 
5. Operating logs. 
6. Wiring diagrams. 
7. Control diagrams. 
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8. Piped system diagrams. 
9. Precautions against improper use. 
10. License requirements including inspection and renewal dates. 

C. Descriptions: Include the following: 

1. Product name and model number. Use designations for products indicated on Contract Documents. 
2. Manufacturer's name. 
3. Equipment identification with serial number of each component. 
4. Equipment function. 
5. Operating characteristics. 
6. Limiting conditions. 
7. Performance curves. 
8. Engineering data and tests. 
9. Complete nomenclature and number of replacement parts. 

D. Operating Procedures: Include the following, as applicable: 

1. Startup procedures. 
2. Equipment or system break-in procedures. 
3. Routine and normal operating instructions. 
4. Regulation and control procedures. 
5. Instructions on stopping. 
6. Normal shutdown instructions. 
7. Seasonal and weekend operating instructions. 
8. Required sequences for electric or electronic systems. 
9. Special operating instructions and procedures. 

E. Systems and Equipment Controls: Describe the sequence of operation, and diagram controls as installed. 

F. Piped Systems: Diagram piping as installed, and identify color coding where required for identification. 

1.10 SYSTEMS AND EQUIPMENT MAINTENANCE MANUALS 

A. Systems and Equipment Maintenance Manuals: Assemble a complete set of data indicating maintenance of 
each system, subsystem, and piece of equipment not part of a system. Include manufacturers' maintenance 
documentation, preventive maintenance procedures and frequency, repair procedures, wiring and systems 
diagrams, lists of spare parts, and warranty information. 

1. Engage a factory-authorized service representative to assemble and prepare information for each 
system, subsystem, and piece of equipment not part of a system. 

2. Prepare a separate manual for each system and subsystem, in the form of an instructional manual for 
use by Owner's operating personnel. 

B. Content: For each system, subsystem, and piece of equipment not part of a system, include source information, 
manufacturers' maintenance documentation, maintenance procedures, maintenance and service schedules, 
spare parts list and source information, maintenance service contracts, and warranties and bonds as described 
below. 

C. Source Information: List each system, subsystem, and piece of equipment included in manual, identified by 
product name and arranged to match manual's table of contents. For each product, list name, address, and 
telephone number of Installer or supplier and maintenance service agent, and cross-reference Specification 
Section number and title in Project Manual and drawing or schedule designation or identifier where applicable. 

D. Manufacturers' Maintenance Documentation: Include the following information for each component part or 
piece of equipment: 
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1. Standard maintenance instructions and bulletins; include only sheets pertinent to product or component 
installed. Mark each sheet to identify each product or component incorporated into the Work. If data 
include more than one item in a tabular format, identify each item using appropriate references from the 
Contract Documents. Identify data applicable to the Work and delete references to information not 
applicable. 

a. Prepare supplementary text if manufacturers' standard printed data are not available and where 
the information is necessary for proper operation and maintenance of equipment or systems. 

2. Drawings, diagrams, and instructions required for maintenance, including disassembly and component 
removal, replacement, and assembly. 

3. Identification and nomenclature of parts and components. 
4. List of items recommended to be stocked as spare parts. 

E. Maintenance Procedures: Include the following information and items that detail essential maintenance 
procedures: 

1. Test and inspection instructions. 
2. Troubleshooting guide. 
3. Precautions against improper maintenance. 
4. Disassembly; component removal, repair, and replacement; and reassembly instructions. 
5. Aligning, adjusting, and checking instructions. 
6. Demonstration and training video recording, if available. 

F. Maintenance and Service Schedules: Include service and lubrication requirements, list of required lubricants 
for equipment, and separate schedules for preventive and routine maintenance and service with standard time 
allotment. 

1. Scheduled Maintenance and Service: Tabulate actions for daily, weekly, monthly, quarterly, semiannual, 
and annual frequencies. 

2. Maintenance and Service Record: Include manufacturers' forms for recording maintenance. 

G. Spare Parts List and Source Information: Include lists of replacement and repair parts, with parts identified and 
cross-referenced to manufacturers' maintenance documentation and local sources of maintenance materials 
and related services. 

H. Maintenance Service Contracts: Include copies of maintenance agreements with name and telephone number 
of service agent. 

I. Warranties and Bonds: Include copies of warranties and bonds and lists of circumstances and conditions that 
would affect validity of warranties or bonds. 

1. Include procedures to follow and required notifications for warranty claims. 

J. Drawings: Prepare drawings supplementing manufacturers' printed data to illustrate the relationship of 
component parts of equipment and systems and to illustrate control sequence and flow diagrams. Coordinate 
these drawings with information contained in record Drawings to ensure correct illustration of completed 
installation. 

1. Do not use original project record documents as part of maintenance manuals. 

1.11 PRODUCT MAINTENANCE MANUALS 

A. Product Maintenance Manual: Assemble a complete set of maintenance data indicating care and maintenance 
of each product, material, and finish incorporated into the Work. 
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B. Content: Organize manual into a separate section for each product, material, and finish. Include source 
information, product information, maintenance procedures, repair materials and sources, and warranties and 
bonds, as described below. 

C. Source Information: List each product included in manual, identified by product name and arranged to match 
manual's table of contents. For each product, list name, address, and telephone number of Installer or supplier 
and maintenance service agent, and cross-reference Specification Section number and title in Project Manual 
and drawing or schedule designation or identifier where applicable. 

D. Product Information: Include the following, as applicable: 

1. Product name and model number. 
2. Manufacturer's name. 
3. Color, pattern, and texture. 
4. Material and chemical composition. 
5. Reordering information for specially manufactured products. 

E. Maintenance Procedures: Include manufacturer's written recommendations and the following: 

1. Inspection procedures. 
2. Types of cleaning agents to be used and methods of cleaning. 
3. List of cleaning agents and methods of cleaning detrimental to product. 
4. Schedule for routine cleaning and maintenance. 
5. Repair instructions. 

F. Repair Materials and Sources: Include lists of materials and local sources of materials and related services. 

G. Warranties and Bonds: Include copies of warranties and bonds and lists of circumstances and conditions that 
would affect validity of warranties or bonds. 

1. Include procedures to follow and required notifications for warranty claims. 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION (Not Used) 

END OF SECTION 01 78 23 
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01 78 39 PROJECT RECORD DOCUMENTS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other 
Division 01 Specification Sections, apply to this Section. 

B. The Secretary of the Interior’s Standards for the Treatment of Historic Properties with Guidelines for Preserving, 
Rehabilitating, Restoring, & Reconstructing Historic Buildings. 

1.2 SUMMARY 

A. Section includes administrative and procedural requirements for project record documents, including the 
following: 

1. Record Drawings. 
2. Record Specifications. 
3. Record Product Data. 
4. Miscellaneous record submittals. 

B. Related Requirements: 

1. Section 01 77 00 "Closeout Procedures" for general closeout procedures. 
2. Section 01 78 23 "Operation and Maintenance Data" for operation and maintenance manual 

requirements. 

1.3 CLOSEOUT SUBMITTALS 

A. Record Drawings: Comply with the following: 

1. Number of Copies: Submit one set(s) of marked-up record prints. 

a. Initial Submittal: 

1) Submit one paper-copy set(s) of marked-up record prints. 
2) Submit PDF electronic files of scanned record prints and one of file prints. 

B. Record Specifications: Submit one paper copy and PDF electronic file of Project's Specifications, including 
addenda and contract modifications. 

C. Record Product Data: Submit one paper copy and PDF electronic file and directories of each submittal. 

1. Where record Product Data are required as part of operation and maintenance manuals, submit 
duplicate marked-up Product Data as a component of manual. 

D. Miscellaneous Record Submittals: See other Specification Sections for miscellaneous record-keeping 
requirements and submittals in connection with various construction activities. Submit one paper copy and 
PDF electronic file and directories of each submittal. 
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E. Reports: Submit written report indicating items incorporated into project record documents concurrent with 
progress of the Work, including revisions, concealed conditions, field changes, product selections, and other 
notations incorporated. 

1.4 RECORD DRAWINGS 

A. Record Prints: Maintain one set of marked-up paper copies of the Contract Drawings and Shop Drawings, 
incorporating new and revised drawings as modifications are issued. 

1. Preparation: Mark record prints to show the actual installation where installation varies from that shown 
originally. Require individual or entity who obtained record data, whether individual or entity is Installer, 
subcontractor, or similar entity, to provide information for preparation of corresponding marked-up record 
prints. 

a. Give particular attention to information on concealed elements that would be difficult to identify or 
measure and record later. 

b. Accurately record information in an acceptable drawing technique. 
c. Record data as soon as possible after obtaining it. 
d. Record and check the markup before enclosing concealed installations. 
e. Cross-reference record prints to corresponding photographic documentation. 

2. Content: Types of items requiring marking include, but are not limited to, the following: 

a. Dimensional changes to Drawings. 
b. Revisions to details shown on Drawings. 
c. Depths of foundations. 
d. Locations and depths of underground utilities. 
e. Revisions to routing of piping and conduits. 
f. Revisions to electrical circuitry. 
g. Actual equipment locations. 
h. Duct size and routing. 
i. Locations of concealed internal utilities. 
j. Changes made by Change Order or Construction Change Directive. 
k. Changes made following Architect's written orders. 
l. Details not on the original Contract Drawings. 
m. Field records for variable and concealed conditions. 
n. Record information on the Work that is shown only schematically. 

3. Mark the Contract Drawings and Shop Drawings completely and accurately. Use personnel proficient at 
recording graphic information in production of marked-up record prints. 

4. Mark record sets with erasable, red-colored pencil. Use other colors to distinguish between changes for 
different categories of the Work at same location. 

5. Mark important additional information that was either shown schematically or omitted from original 
Drawings. 

6. Note Construction Change Directive numbers, alternate numbers, Change Order numbers, and similar 
identification, where applicable. 

B. Record Digital Data Files: Immediately before inspection for Certificate of Substantial Completion, review 
marked-up record prints with Architect. When authorized, prepare a full set of corrected digital data files of the 
Contract Drawings, as follows: 

1. Format: Annotated PDF electronic file with comment function enabled. 
2. Refer instances of uncertainty to Architect for resolution. 

C. Format: Identify and date each record Drawing; include the designation "PROJECT RECORD DRAWING" in 
a prominent location. 
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1. Record Prints: Organize record prints into manageable sets. Bind each set with durable paper cover 
sheets. Include identification on cover sheets. 

2. Format: Annotated PDF electronic file with comment function enabled. 
3. Record Digital Data Files: Organize digital data information into separate electronic files that correspond 

to each sheet of the Contract Drawings. Name each file with the sheet identification. Include identification 
in each digital data file. 

4. Identification: As follows: 

a. Project name. 
b. Date. 
c. Designation "PROJECT RECORD DRAWINGS." 
d. Name of Architect. 
e. Name of Contractor. 

1.5 RECORD SPECIFICATIONS 

A. Preparation: Mark Specifications to indicate the actual product installation where installation varies from that 
indicated in Specifications, addenda, and contract modifications. 

1. Give particular attention to information on concealed products and installations that cannot be readily 
identified and recorded later. 

2. Mark copy with the proprietary name and model number of products, materials, and equipment 
furnished, including substitutions and product options selected. 

3. Record the name of manufacturer, supplier, Installer, and other information necessary to provide a 
record of selections made. 

4. For each principal product, indicate whether record Product Data has been submitted in operation and 
maintenance manuals instead of submitted as record Product Data. 

5. Note related Change Orders, record Product Data, and record Drawings where applicable. 

B. Format: Submit record Specifications as annotated PDF electronic file and paper copy. 

1.6 RECORD PRODUCT DATA 

A. Recording: Maintain one copy of each submittal during the construction period for project record document 
purposes. Post changes and revisions to project record documents as they occur; do not wait until end of 
Project. 

B. Preparation: Mark Product Data to indicate the actual product installation where installation varies substantially 
from that indicated in Product Data submittal. 

1. Give particular attention to information on concealed products and installations that cannot be readily 
identified and recorded later. 

2. Include significant changes in the product delivered to Project site and changes in manufacturer's written 
instructions for installation. 

3. Note related Change Orders, record Specifications, and record Drawings where applicable. 

C. Format: Submit record Product Data as annotated PDF electronic file and paper copy. 

1. Include record Product Data directory organized by Specification Section number and title, electronically 
linked to each item of record Product Data. 
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1.7 MISCELLANEOUS RECORD SUBMITTALS 

A. Assemble miscellaneous records required by other Specification Sections for miscellaneous record keeping 
and submittal in connection with actual performance of the Work. Bind or file miscellaneous records and identify 
each, ready for continued use and reference. 

B. Format: Submit miscellaneous record submittals as PDF electronic file and paper copy. 

1. Include miscellaneous record submittals directory organized by Specification Section number and title, 
electronically linked to each item of miscellaneous record submittals. 

1.8 MAINTENANCE OF RECORD DOCUMENTS 

A. Maintenance of Record Documents: Store record documents in the field office apart from the Contract 
Documents used for construction. Do not use project record documents for construction purposes. Maintain 
record documents in good order and in a clean, dry, legible condition, protected from deterioration and loss. 
Provide access to project record documents for Architect's reference during normal working hours. 

PART 2 - PRODUCTS 

PART 3 - EXECUTION 

END OF SECTION 01 78 39 
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02 42 96 HISTORIC REMOVAL AND DISMANTLING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other 
Division 01 Specification Sections, apply to this Section. 

B. The Secretary of the Interior’s Standards for the Treatment of Historic Properties with Guidelines for Preserving, 
Rehabilitating, Restoring, & Reconstructing Historic Buildings. 

C. U.S. Department of the Interior National Park Service, Preservation Brief #2. 

1.2 SUMMARY 

A. Section Includes historic treatment procedures in the form of special types of deconstruction work for 
designated historic areas, and surfaces, and the following specific work: 

1. Removal and/or dismantling of selected portions of building or structure. 
2. Salvage of existing items to be reused or recycled.  

B. Related Requirements: 

1. Section 01 10 00 "Summary" for restrictions on use of the premises, Owner-occupancy requirements, 
and/or phasing requirements. 

2. Section 01 73 00 "Execution" for cutting and patching procedures. 
3. Section 01 35 16 "Alteration Project Procedures" for general protection and work procedures for 

alteration projects. 
4. Section 01 35 19 “Protection, Salvage, and Treatment Procedures for Historic Building Materials” for 

additional requirements related to historic items and procedures. 

1.3 DEFINITIONS 

A. Preservation: To apply measures necessary to sustain the existing form, integrity, and materials of a historic 
property. Work may include preliminary measures to protect and stabilize the property. 

B. Rehabilitation: To make possible a compatible use for a property through repair, alterations, and additions 
while preserving those portions or features that convey its historical, cultural, or architectural values. 

C. Restoration: To accurately depict the form, features, and character of a property as it appeared at a particular 
period of time by means of the removal of features from other periods in its history and the reconstruction of 
missing features from the restoration period. 

D. Reconstruction: To reproduce in the exact form and detail a building, structure, or artifact as it appeared at a 
specific period in time. 

E. Stabilize: To apply measures designed to reestablish a weather-resistant enclosure and the structural 
reinforcement of an item or portion of the building while maintaining the essential form as it exists at present. 

F. Protect and Maintain: To remove deteriorating corrosion, reapply protective coatings, and install protective 
measures such as temporary guards; to provide the least degree of intervention. 
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G. Repair: To stabilize, consolidate, or conserve; to retain existing materials and features while employing as little 
new material as possible. Repair includes patching, piecing-in, splicing, consolidating, or otherwise reinforcing 
or upgrading materials. Within restoration, repair also includes limited replacement in kind, rehabilitation, and 
reconstruction, with compatible substitute materials for deteriorated or missing parts of features when there 
are surviving prototypes. 

H. Replace: To duplicate and replace entire features with new material in kind. Replacement includes the following 
conditions: 
1. Duplication: Includes replacing elements damaged beyond repair or missing. Original material is 

indicated as the pattern for creating new duplicated elements. 
2. Replacement with New Materials: Includes replacement with new material when original material is not 

available as patterns for creating new duplicated elements. 
3. Replacement with Substitute Materials: Includes replacement with compatible substitute materials. 

Substitute materials are not allowed, unless otherwise indicated. 

I. Remove: To detach items from existing construction and legally dispose of them off-site unless indicated to be 
removed and salvaged or removed and reinstalled. 

J. Remove and Salvage: To detach items from existing construction and deliver them to SHPO Project Manager 
for reuse. 

K. Remove and Reinstall: To detach items from existing construction, repair and clean them for reuse, and 
reinstall them where indicated. 

L. Existing to Remain or Retain: Existing items of construction that are not to be removed and that are not 
otherwise indicated to be removed and salvaged, or removed and reinstalled. 

M. Material in Kind: Material that matches existing materials, to the greatest extent possible, in cut, color, and 
finish. 

1.4 MATERIALS OWNERSHIP 

A. Unless otherwise indicated, demolition waste becomes property of Contractor. 

B. Historic items, relics, antiques, and similar objects including, but not limited to, cornerstones and their contents, 
commemorative plaques and tablets, and other items of interest or value to Owner that may be uncovered 
during demolition remain the property of Owner. 

1. Carefully salvage in a manner to prevent damage and promptly return to Owner. 

1.5 PRE-CONSTRUCTION MEETINGS 

A. Pre-demolition Conference: Conduct conference at Project site. 

1. Inspect and discuss condition of construction to be selectively deconstructed that pertain to removal and 
dismantling procedures and protection of historic areas and surfaces. 

2. Review structural load limitations of existing structure. 
3. Review and finalize selective demolition schedule and verify availability of materials, demolition 

personnel, equipment, and facilities needed to make progress and avoid delays. 
4. Review requirements of work performed by other trades that rely on substrates exposed by selective 

demolition operations. 
5. Review the requirements of other work that depends on condition of substrates exposed by removal and 

dismantling work. 
6. Verify qualifications of personnel assigned to perform the work. 
7. Review areas where existing construction is to remain and requires protection. 
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8. Review methods and procedures related to removal, re-use, salvage, and dismantling work, including, 
but not limited to the following: 
a. Historic removal and dismantling, specialist’s personnel, equipment, and facilities needed to make 

progress and avoid delays. 
b. Materials, material application, sequencing, tolerances, and required clearances. 
c. Coordination with building occupants. 

1.6 INFORMATIONAL SUBMITTALS 

A. Proposed Protection Measures: Submit report, including Drawings, that indicates the measures proposed for 
protecting individuals and property, for environmental protection, for dust control and, for noise control. Indicate 
proposed locations and construction of barriers. 

B. Schedule of Deconstruction Activities: Indicate the following: 

1. Detailed sequence of selective demolition and removal work, with starting and ending dates for each 
activity. Ensure Owner's building manager and other tenants on-site operations are uninterrupted. 

2. Interruption of utility services. Indicate how long utility services will be interrupted. 
3. Coordination for shutoff, capping, and continuation of utility services. 
4. Use of elevator and stairs. 
5. Coordination of Owner's continuing occupancy of portions of existing building and of Owner's partial 

occupancy of completed Work. 

C. Pre-demolition Photographs or Video: Show existing conditions of adjoining construction, including finish 
surfaces that might be misconstrued as damage caused by demolition operations. Comply with Section 01 32 
33 "Photographic Documentation." Submit before Work begins. 

1.7 QUALITY ASSURANCE 

A. Contractor shall have sufficient experience with historic removal, dismantling, and re-construction means, 
methods, and procedures. 

B. The General Contractor, General Contractor’s project manager, and General Contractor’s superintendent shall 
be familiar with and follow the guidelines and procedures set forth in the Secretary of the Interior’s Standards 
for the Treatment of Historic Properties and the Guidelines for Preserving, Rehabilitating, Restoring, and 
Reconstructing Historic Buildings. 

1.8 CLOSEOUT SUBMITTALS 

A. Inventory: Submit a list of items that have been removed and returned to Owner. 

1.9 FIELD CONDITIONS 

A. Owner will occupy portions of building immediately adjacent to selective demolition area. Conduct selective 
demolition so Owner's operations will not be disrupted. 

B. Conditions existing at time of inspection for bidding purpose will be maintained by Owner as far as practical. 

C. Notify Architect of discrepancies between existing conditions and Drawings before proceeding with selective 
demolition. 

D. Hazardous Materials: Present in buildings and structures. A report on the presence of hazardous materials is 
on file for review and use. Examine report to become aware of locations where hazardous materials are 
present. 
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1. Do not disturb hazardous materials or items suspected of containing hazardous materials except under 
procedures specified elsewhere in the Contract Documents. 

2. Owner will provide material safety data sheets for suspected hazardous materials that are known to be 
present in buildings and structures to be selectively demolished because of building operations or 
processes performed there. 

E. Historic Areas: Demolition and hauling equipment and other materials shall be of sizes that clear surfaces 
within historic spaces, areas, rooms, and openings, including temporary protection, by 12 inches or more. 

F. Storage or sale of removed items or materials is not permitted. 

G. Utility Service: Maintain existing utilities indicated to remain in service and protect them against damage during 
selective demolition operations. 

1. Maintain fire-protection facilities in service during selective demolition operations. 

1.10 COORDINATION 

A. Arrange deconstruction schedule so as not to interfere with Owner's operations. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Regulatory Requirements: Comply with governing EPA notification regulations before beginning selective 
demolition. Comply with hauling and disposal regulations of authorities having jurisdiction. 

B. Standards:  
 

1. Comply with ASSE A10.6 and NFPA 241. 
2. Comply with the Secretary of the Interior’s Standards for the Treatment of Historic Properties and the 

Guidelines for Preserving, Rehabilitating, Restoring, and Reconstructing Historic Buildings. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify that utilities have been disconnected and capped before starting deconstruction operations. 

B. Review Project Record Documents of existing construction or other existing condition and hazardous material 
information provided by Owner. Owner does not guarantee that existing conditions are same as those indicated 
in Project Record Documents. 

C. Verify that hazardous materials have been remediated before proceeding with building demolition operations. 

D. Survey of Existing Conditions: Record existing conditions by use of measured drawings, preconstruction 
photographs or video, and templates. 

1. Comply with requirements specified in Section 01 32 33 "Photographic Documentation." 
2. Inventory and record the condition of items to be removed and salvaged. Provide photographs or video 

of conditions that might be misconstrued as damage caused by salvage operations. 
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3. Before selective demolition or removal of existing building elements that will be reproduced or duplicated 
in final Work, make permanent record of measurements, materials, and construction details required to 
make exact reproduction. 

E. Preparation for Removal and Dismantling: Examine construction to be removed or dismantled to determine 
best methods to safely and effectively perform removal and dismantling work.  Examine adjacent work to 
determine what protective measures are necessary.  Make explorations, probes, and inquiries as necessary 
to determine condition of construction to be removed or dismantled and location of utilities and services to 
remain that may be hidden by construction that is to be removed or dismantled. 

 
1. Inventory and record the condition of items to be removed and dismantled for re-installation or salvage.  

Enter this information on the submittal of inventory of salvaged items. 
2. Before removal or dismantling of existing building elements that will be reproduced or duplicated in final 

Work, make permanent record of measurements, materials, and construction detail required to  make 
exact reproduction. 

3.2 UTILITY SERVICES AND MECHANICAL/ELECTRICAL SYSTEMS 

A. Existing Services/Systems to Remain: Maintain services/systems indicated to remain and protect them against 
damage. 

3.3 PROTECTION 

A. Temporary Protection: Provide temporary barricades and other protection required to prevent injury to people 
and damage to adjacent buildings and facilities to remain. 

1. Provide protection to ensure safe passage of people around selective demolition area and to and from 
occupied portions of building. 

2. Provide temporary weather protection, during interval between selective demolition of existing 
construction on exterior surfaces and new construction, to prevent water leakage and damage to 
structure and interior areas. 

3. Protect walls, ceilings, floors, and other existing finish work that are to remain or that are exposed during 
selective demolition operations. 

4. Cover and protect furniture, furnishings, and equipment that have not been removed. 
5. Comply with requirements for temporary enclosures, dust control, heating, and cooling specified in 

Section 01 50 00 "Temporary Facilities and Controls." 

B. Temporary Shoring: Design, provide, and maintain shoring, bracing, and structural supports as required to 
preserve stability and prevent movement, settlement, or collapse of construction and finishes to remain, and 
to prevent unexpected or uncontrolled movement or collapse of construction being demolished. 

1. Strengthen or add new supports when required during progress of selective demolition. 

C. Remove temporary barricades and protections where hazards no longer exist. 

D. Unacceptable Equipment:  Keep equipment that is not permitted for historic removal or dismantling work away 
from the vicinity where such work is being performed. 

3.4 SELECTIVE DECONSTRUCTION,GENERAL 

A. General: Deconstruct and remove existing construction only to the extent required by new construction s as 
indicated.  Use methods required to complete the Work within limitation of governing regulations and as follows: 

 
1. Proceed with selective deconstruction systematically, from higher to lower level. 
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2. Neatly cut openings and holes plumb, square, and true to dimensions required.  Use cutting methods 
least likely to damage construction to remain or adjoining construction.  Use hand tools or small power 
tools designated for sawing or grinding, no hammering and chopping.  Cut or drill from the exposed or 
finished side into concealed surfaces to avoid marring existing finished surfaces. 

3. Remove degraded, or otherwise dangerous or unsuitable materials and promptly advise Owner and 
Architect. 

4. Locate selective deconstruction equipment and remove debris and materials so as not to impose 
excessive loads on supporting walls, roof, or framing. 

5. Dispose of degraded items and materials promptly.  Comply with requirements in Section 01 74 19 
Construction Waste Management and Disposal. 

B. Site Access and Temporary Controls: Conduct selective demolition and debris-removal operations to ensure 
minimum interference with roads, streets, walks, walkways, and other adjacent occupied and used facilities. 

C. Work in Historic Areas: Selective demolition may be performed only in areas of Project that are not designated 
as historic. In historic spaces, areas, and rooms, or on historic surfaces, the terms "demolish" or "remove" shall 
mean historic "removal" or "dismantling" as specified in Section 02 42 96 "Historic Removal and Dismantling." 

D. Removed and Salvaged Items: 

1. Clean salvaged items. 
2. Pack or crate items after cleaning. Identify contents of containers. 
3. Store items in a secure area until delivery to Owner. 
4. Transport items to Owner's storage area on-site. 
5. Protect items from damage during transport and storage. 

E. Removed and Reinstalled Items: 

1. Clean and repair items to functional condition adequate for intended reuse. 
2. Pack or crate items after cleaning and repairing. Identify contents of containers. 
3. Protect items from damage during transport and storage. 
4. Reinstall items in locations indicated. Comply with installation requirements for new materials and 

equipment. Provide connections, supports, and miscellaneous materials necessary to make item 
functional for use indicated. 

F. Removing and Dismantling Items on or Near Historic Surfaces: 
 

1. Use only dismantling equipment and procedures within 12 inches of historic surface do not use pry bars. 
Protect historic surface from contact with or damage by tools. 

2. Unfasten items in the opposite order from which they are installed. 
3. Support each item as it becomes loosened to prevent stress and damage to the historic surface. 
4. Dismantle anchorages. 

G. Anchorages: 
 

1. Remove anchorages associated with removed items. 
2. Dismantle anchorages associated with dismantled items. 
3. In historic surfaces, patch or repair holes created by anchorage removal or dismantling according to 

specification sections that are specific to the historic surface being patched and/or repaired. 

H. Existing Items to Remain: Protect construction indicated to remain against damage and soiling during selective 
deconstruction. When permitted by Architect, items may be removed to a suitable, protected storage location 
during selective demolition and cleaned and reinstalled in their original locations after selective deconstruction 
operations are complete. 
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3.5 SELECTIVE DECONSTRUCTION PROCEDURES FOR SPECIFIC MATERIALS 

A. Roofing: Remove and/or repair no more existing roofing than what can be covered in one day so that building 
interior remains watertight and weathertight.  

3.6 HISTORIC REMOVAL AND DISMANTLING EQUIPMENT 

A. Removal Equipment: Use only hand-held tools. 

B. Dismantling Equipment: Use manual, hand-held tools. 
 

1. Hand-held power tools are permitted if they are adjustable so as to penetrate or cut only the thickness 
of material being removed. 

2. Pry bars more than 18 inches long and hammers weighing more than 2 lbs. are not permitted for 
dismantling work. 

3.7 DISPOSAL OF DEMOLISHED MATERIALS 

A. Remove demolition waste materials from Project site and recycle or dispose of them according to Section 01 
74 19 "Construction Waste Management and Disposal." 

1. Do not allow demolished materials to accumulate on-site. 
2. Remove and transport debris in a manner that will prevent spillage on adjacent surfaces and areas. 
3. Remove debris from elevated portions of building by chute, hoist, or other device that will convey debris 

to grade level in a controlled descent. 
4. Comply with requirements specified in Section 01 74 19 "Construction Waste Management and 

Disposal." 

B. Burning: Do not burn demolished materials. 

3.8 CLEANING 

A. Clean adjacent structures and improvements of dust, dirt, and debris caused by selective demolition 
operations. Return adjacent areas to condition existing before selective demolition operations began. 

END OF SECTION 02 42 96 
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03 01 30 MAINTENANCE OF CAST-IN-PLACE CONCRETE

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section.

B. The Secretary of the Interior’s Standards for the Treatment of Historic Properties with Guidelines 
for Preserving, Rehabilitating, Restoring, & Reconstructing Historic Buildings.

1.2 SUMMARY

A. Section Includes:

1. Removal of deteriorated concrete and subsequent replacement and patching.
2. Epoxy crack injection.

1.3 ALLOWANCES

A. Allowances for maintenance of cast-in-place concrete are specified in Section 012100 
"Allowances."

B. Field quality-control testing is part of testing and inspecting allowance.

1.4 UNIT PRICES

A. Work of this Section is affected by unit prices specified in Section 012200 "Unit Prices."

1. Unit prices apply to authorized work covered by [quantity allowances] [estimated 
quantities].

2. Unit prices apply to authorized additions to and deletions from the Work as authorized by 
Change Orders.

B. General: Unit prices include the cost of preparing existing construction to receive the work 
indicated [ and costs of field quality control required for units of work completed].

1.5 PREINSTALLATION MEETINGS

A. Preinstallation Conference: Conduct conference at Project site.

1. Review methods and procedures related to concrete maintenance including, but not limited 
to, the following:
a. Verify concrete-maintenance specialist's personnel, equipment, and facilities 

needed to make progress and avoid delays.
b. Materials, material application, sequencing, tolerances, and required clearances.
c. Quality-control program.
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d. Coordination with building occupants.

1.6 ACTION SUBMITTALS

A. Product Data: For each type of product.

1. Include construction details, material descriptions, chemical composition, physical 
properties, test data, and mixing, preparation, and application instructions.

B. Samples: Cured Samples for each exposed product and for each color and texture specified.

1.7 INFORMATIONAL SUBMITTALS

A. Qualification Data: For concrete-maintenance specialist including field supervisors and workers.

B. Quality-Control Program: Submit before work begins.

1.8 QUALITY ASSURANCE

A. Concrete-Maintenance Specialist Qualifications: Engage an experienced concrete-maintenance 
firm that employs installers and supervisors who are trained and approved by manufacturer to 
apply packaged patching-mortar and crack-injection adhesive to perform work of this Section. 
Firm shall have completed work similar in material, design, and extent to that indicated for this 
Project with a record of successful in-service performance. Experience in only installing or 
patching new concrete is insufficient experience for concrete-maintenance work.

1. Field Supervision: Concrete-maintenance specialist firm shall maintain experienced full-
time supervisors on Project site during times that concrete-maintenance work is in 
progress.

B. Quality-Control Program: Prepare a written plan for concrete maintenance to systematically 
demonstrate the ability of personnel to properly perform maintenance work, including each phase 
or process, protection of surrounding materials during operations, and control of debris and runoff 
during the Work. Describe in detail materials, methods, equipment, and sequence of operations 
to be used for each phase of the Work.

C. Mockups: Build mockups to demonstrate aesthetic effects and to set quality standards for 
materials and execution.

1. Concrete Removal and Patching: Remove and repair an approximately 1 sq. ft. area of 
deteriorated concrete wall.

2. Approval of mockups does not constitute approval of deviations from the Contract 
Documents contained in mockups unless Architect specifically approves such deviations 
in writing.

3. Subject to compliance with requirements, approved mockups may become part of the 
completed Work if undisturbed at time of Substantial Completion.

1.9 DELIVERY, STORAGE, AND HANDLING

A. Comply with manufacturer's written instructions for minimum and maximum temperature 
requirements and other conditions for storage.
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B. Store cementitious materials off the ground, under cover, and in a dry location.

C. Store aggregates covered and in a dry location; maintain grading and other required 
characteristics and prevent contamination.

1.10 FIELD CONDITIONS

A. Environmental Limitations for Epoxies: Do not apply when air and substrate temperatures are 
outside limits permitted by manufacturer. During hot weather, cool epoxy components before 
mixing, store mixed products in shade, and cool unused mixed products to retard setting. Do not 
apply to wet substrates unless approved by manufacturer.

1. Use only Class A epoxies when substrate temperatures are below or are expected to go 
below 40 deg F within eight hours.

2. Use only Class A or B epoxies when substrate temperatures are below or are expected to 
go below 60 deg F within eight hours.

3. Use only Class C epoxies when substrate temperatures are above and are expected to 
stay above 60 deg F for eight hours.

B. Cold-Weather Requirements for Cementitious Materials: Do not apply unless concrete-surface 
and air temperatures are above 40 deg F and will remain so for at least 48 hours after completion 
of Work.

C. Hot-Weather Requirements for Cementitious Materials: Protect repair work when temperature 
and humidity conditions produce excessive evaporation of water from patching materials. Provide 
artificial shade and wind breaks, and use cooled materials as required. Do not apply to substrates 
with temperatures of 90 deg F and above.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. Source Limitations: For repair products, obtain each color, grade, finish, type, and variety of 
product from single source and from single manufacturer with resources to provide products of 
consistent quality in appearance and physical properties.

2.2 BONDING AGENTS

A. Epoxy-Modified, Cementitious Bonding Agent: Manufactured product that consists of water-
insensitive epoxy adhesive, portland cement, and water-based solution that forms a protective 
film on steel reinforcement.

1. Sika Armatec-100 EpoCem, or approved equal.

2.3 PATCHING MORTAR

A. Patching Mortar Requirements:

1. Only use patching mortars that are recommended by manufacturer for each applicable 
horizontal, vertical, or overhead use orientation.
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2. Color and Aggregate Texture: Provide patching mortar and aggregates of colors and sizes 
necessary to produce patching mortar that matches existing, adjacent, exposed concrete. 
Blend several aggregates if necessary to achieve suitable matches.

3. Coarse Aggregate for Patching Mortar: ASTM C33/C33M, washed aggregate, Size No. 8, 
Class 5S. Add to patching-mortar mix only as permitted by patching-mortar manufacturer.

B. Cementitious Patching Mortar: Packaged, dry mix for repair of concrete.

1. SikaRepair-222, or approved equal, for horizontal surfaces.
2. SikaRepair-223, or approved equal, for vertical and overhead surfaces.

2.4 EPOXY CRACK-INJECTION MATERIALS

A. Epoxy Resin (Abatron, Inc., Sika Corp. or approved equal).

1. For Fine Cracks:
a. Epoxy shall be a two-part type, low viscosity epoxy adhesive material containing 

100% solids and shall meet or exceed the following characteristics when tested in 
accordance with the standards specified.

b. Characteristics of Components:
1) Component A – shall be a blend of modified epoxy resins.
2) Component B – shall be a blend of modified amine curing agents.
3) Test Method Requirements:

a) Component A – Brookfield RVT, 700 maximum; Viscosity @ 77 +/- 3 
degrees Fahrenheit , cps; Spindle No. 2 @ 20rpm.

b) Component B – Brookfield RVT, 240 maximum; Viscosity @ 77 +/- 3 
degrees Fahrenheit, cps; Spindle No. 2

4) Properties of Combined Components: When missed in the ration of two parts 
Component A to one part Component B by volume; or 100 parts Component 
A to 44 parts Component B by weight, properties shall be:
a) Potlife, 60g @ 77 +/- 3 degrees Fahrenheit, minutes; 25 minutes 

maximum.
5) Properties of the Cured Adhesive: When cured for seven days @ 77 +/- 

degrees Fahrenheit, unless otherwise specified, properties shall be:
a) Ultimate Tensile Strength: ASTM D638; 8,000 minimum.
b) Compressive Yield Strength, psi: ASTM D695; 15,000 minimum.
c) Heat Deflection Temperature; ASTM D648; 130 Fahrenheit minimum.
d) Note:  Test specimens must be cured a manner such that peak 

exothermic temperature of the adhesive does not exceed 77 degrees 
Fahrenheit.

2. For Wide Cracks:
a. Epoxy shall be a two-part gel epoxy adhesive material containing 100% solids and 

shall meet or exceed the following characteristics when tested in accordance with 
the standards specified.
1) Properties of Combined Components: When missed in the ration of two parts 

Component A to one part Component B by volume; or 100 parts Component 
A to 34 parts Component B by weight, properties shall be:
a) Potlife, 60g @ 77 +/- 3 degrees Fahrenheit, minutes; 25 minutes 

maximum.
2) Properties of the Cured Adhesive: When cured for seven days @ 77 +/- 

degrees Fahrenheit, unless otherwise specified, properties shall be:
a) Ultimate Tensile Strength: ASTM D638; 1,500 minimum.
b) Compressive Yield Strength, psi: ASTM D695; 6,000 minimum.
c) Heat Deflection Temperature; ASTM D648; 105 Fahrenheit minimum.
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B. Surface Seal: (Epoxy Mortar or Oil-Free Clay)
1. Description: The surface seal material is that material used to confine the injection 

adhesive in the joints or cracks during injection and cure.
2. Properties: The surface seal material shall have adequate strength to hold injection fittings 

firmly in place and to resist injection pressures adequately to prevent leakage during 
injection.  The material shall not leave a residue upon removal.

3. Note: Provide adhesive crack fillers and other related materials that are compatible with 
one another and with substrates under conditions of severe weather, demonstrated by 
sealant manufacture based on testing and field experience.

2.5 MISCELLANEOUS MATERIALS

A. Equipment for Injection:

1. Type: The equipment used to meter and mix the two injection adhesive components and 
inject the mixed adhesive into the crack shall be portable, positive displacement type 
pumps with interlock to provide positive ratio control of exact proportions of the two 
components at the nozzle. The pumps shall be electric or air powered and shall provide in-
line metering and mixing.

2. Discharge Pressure: The injection equipment shall have automatic pressure control 
capable of discharging the mixed adhesive at any pre-set pressure up to 200 psi + 5 psi 
and shall be equipped with a manual pressure control override. For injection of the gel 
epoxy, the equipment shall be equipped with the above features and be able to pump at 
up to 5,000 psi.

3. Ratio Tolerance: The equipment shall have the capability of maintaining the volume ratio 
for the injection adhesive prescribed by the manufacturer of the adhesive within a tolerance 
of + 5% by volume at any discharge pressure up to 200 psi. For gel epoxies, the ratio will 
be checked by weight at up to 5,000 psi.

4. Automatic Shut-Off Control: The injection equipment shall be equipped with sensors on 
both the Component A and B reservoirs that will automatically stop the machine when only 
one component is being pumped to the mixing head.

5. The manufacturer of the injection equipment and the manufacturer of the epoxy resin 
adhesive for injection shall be one and the same.

B. Water: Potable.

PART 3 - EXECUTION

3.1 CONCRETE MAINTENANCE

A. Have concrete-maintenance work performed only by qualified concrete-maintenance specialist.

B. Comply with manufacturers' written instructions for surface preparation and product application.
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3.2 EXAMINATION

A. Perform surveys as the Work progresses to detect hazards resulting from concrete-maintenance 
work.

3.3 PREPARATION

A. Ensure that supervisory personnel are on-site and on duty when concrete maintenance work 
begins and during its progress.

B. Protect persons, motor vehicles, surrounding surfaces of building being repaired, building site, 
plants, and surrounding buildings from harm resulting from concrete maintenance work.

1. Comply with each product manufacturer's written instructions for protections and 
precautions. Protect against adverse effects of products and procedures on people and 
adjacent materials, components, and vegetation.

2. Use only proven protection methods appropriate to each area and surface being protected.
3. Provide temporary barricades, barriers, and directional signage to exclude public from 

areas where concrete maintenance work is being performed.
4. Erect temporary protective covers over walkways and at points of pedestrian and vehicular 

entrance and exit that must remain in service during course of concrete maintenance work.
5. Contain dust and debris generated by concrete maintenance work and prevent it from 

reaching the public or adjacent surfaces.
6. Use water-mist sprinkling and other wet methods to control dust only with adequate, 

approved procedures and equipment that ensure that such water will not create a hazard 
or adversely affect other building areas or materials.

7. Protect floors and other surfaces along haul routes from damage, wear, and staining.
8. Provide supplemental sound-control treatment to isolate removal and dismantling work 

from other areas of the building.
9. Protect adjacent surfaces and equipment by covering them with heavy polyethylene film 

and waterproof masking tape. If practical, remove items, store, and reinstall after potentially 
damaging operations are complete.

10. Neutralize and collect alkaline and acid wastes for disposal off Owner's property.
11. Dispose of debris and runoff from operations by legal means and in a manner that prevents 

soil erosion, undermining of paving and foundations, damage to landscaping, and water 
penetration into building interiors.

C. Preparation for Concrete Removal: Examine construction to be repaired to determine best 
methods to safely and effectively perform concrete maintenance work. Examine adjacent work to 
determine what protective measures will be necessary. Make explorations, probes, and inquiries 
as necessary to determine condition of construction to be removed in the course of repair.

1. Inventory and record the condition of items to be removed for reinstallation or salvage.

3.4 REMOVAL OF CONCRETE

A. Do not overload structural elements with debris.

B. Saw-cut perimeter of areas indicated for removal to a depth of at least 1/4 inch. Make cuts 
perpendicular to concrete surfaces and no deeper than cover on reinforcement.

C. Remove deteriorated and delaminated concrete by breaking up and dislodging from 
reinforcement.
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D. Remove additional concrete if necessary to provide a depth of removal of at least 1/4 inch over 
entire removal area.

E. Test areas where concrete has been removed by tapping with hammer, and remove additional 
concrete until unsound and disbonded concrete is completely removed.

F. Provide surfaces with a fractured profile of at least 1/8 inch that are approximately perpendicular 
or parallel to original concrete surfaces.

G. Thoroughly clean removal areas of loose concrete, dust, and debris.

3.5 APPLICATION OF BONDING AGENT

A. Epoxy-Modified, Cementitious Bonding Agent: Apply to concrete by stiff brush or hopper spray 
according to manufacturer's written instructions. Allow to dry before placing patching mortar or 
concrete.

3.6 INSTALLATION OF PATCHING MORTAR

A. Place patching mortar as specified in this article unless otherwise recommended in writing by 
manufacturer.

1. Provide forms where necessary to confine patch to required shape.
2. Wet substrate and forms thoroughly and then remove standing water.

B. Pretreatment: Apply specified bonding agent.

C. General Placement: Place patching mortar by troweling toward edges of patch to force intimate 
contact with edge surfaces. For large patches, fill edges first and then work toward center, always 
troweling toward edges of patch. At fully exposed reinforcing bars, force patching mortar to fill 
space behind bars by compacting with trowel from sides of bars.

D. Vertical Patching: Place material in lifts of not more than 2 inches or less than 1/4 inch. Do not 
feather edge.

E. Overhead Patching: Place material in lifts of not more than 2 inches] or less than 1/4 inch. Do not 
feather edge.

F. Consolidation: After each lift is placed, consolidate material and screed surface.

G. Multiple Lifts: Where multiple lifts are used, score surface of lifts to provide a rough surface for 
placing subsequent lifts. Allow each lift to reach final set before placing subsequent lifts.

H. Finishing: Allow surfaces of lifts that are to remain exposed to become firm and then finish to a 
surface matching adjacent concrete.

I. Curing: Wet-cure cementitious patching materials, including polymer-modified cementitious 
patching materials, for not less than seven days by water-fog spray or water-saturated absorptive 
cover.
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3.7 EPOXY CRACK INJECTION

A. Clean cracks with oil-free compressed air or low-pressure water to remove loose particles.

B. Clean areas to receive capping adhesive of oil, dirt, and other substances that would interfere 
with bond.

C. Place injection ports as recommended by epoxy manufacturer, spacing no farther apart than 
thickness of member being injected. Seal injection ports in place with capping adhesive.

D. Seal cracks at exposed surfaces with a ribbon of capping adhesive at least 1/4 inch thick by 1 
inch wider than crack.

E. Inject epoxy adhesive, beginning at widest part of crack and working toward narrower parts. Inject 
adhesive into ports to refusal, capping adjacent ports when they extrude epoxy. Cap injected 
ports and inject through adjacent ports until crack is filled.

F. After epoxy adhesive has set, remove injection ports and grind surfaces smooth.

3.8 FIELD QUALITY CONTROL

A. Manufacturers Field Service: Engage manufacturers' factory-authorized service representatives 
for consultation and Project-site inspection and to provide on-site assistance when requested by 
Architect.

END OF SECTION 03 01 30
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04 03 10 HISTORIC MASONRY CLEANING

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section.

B. The Secretary of the Interior’s Standards for the Treatment of Historic Properties with Guidelines 
for Preserving, Rehabilitating, Restoring, & Reconstructing Historic Buildings.

C. U.S. Department of the Interior National Park Service, Preservation Brief #1.

1.2 SUMMARY

A. Section includes historic treatment work consisting of cleaning historic clay brick masonry 
surfaces.

B. Related Requirements:

1. Section 013591 "Historic Treatment Procedures" for general historic treatment 
requirements.

1.3 DEFINITIONS

A. Very Low-Pressure Spray: Less than 100 psi.

B. Low-Pressure Spray:

1. Pressure: 100 to 400 psi.
2. Flow Rate: 4 to 6 gpm.

C. Medium-Pressure Spray:

1. Pressure: 400 to 800 psi.
2. Flow Rate: 4 to 6 gpm.

D. High-Pressure Spray:

1. Pressure: 800 to 1200 psi.
2. Flow Rate: 4 to 6 gpm.

1.4 PREINSTALLATION MEETINGS

A. Preinstallation Conference: Conduct conference at Project site.

1. Review methods and procedures related to cleaning historic masonry, including, but not 
limited to, the following:
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a. Safety and scaffolding.
b. Personnel, equipment, and facilities needed to make progress and avoid delays.
c. Materials, material application, and sequencing.
d. Cleaning program.
e. Coordination with building occupants.

1.5 SEQUENCING AND SCHEDULING

A. Work Sequence: Perform historic masonry cleaning work in the following sequence:

1. Remove plant growth from masonry.
2. Inspect masonry for open mortar joints. Where repairs are required, delay further cleaning 

work until after repairs are completed to prevent intrusion of water and other cleaning 
materials into the wall.  Temporarily fill large cracks or joints with foam backer rod before 
areas are cleaned to avoid infiltration of large amounts of water.

3. Clean masonry surfaces.
4. Perform re-pointing scope of work after masonry cleaning, spot cleaning as needed after 

re-pointing.

1.6 ACTION SUBMITTALS

A. Product Data: For each type of product.

1. Include material descriptions and application instructions.
2. Include test data substantiating that products comply with requirements.

1.7 INFORMATIONAL SUBMITTALS

A. Qualification Data: For chemical-cleaner manufacturer.

B. Preconstruction Test Reports: For cleaning materials and methods.

C. Cleaning program.

1.8 QUALITY ASSURANCE

A. Cleaning Program: Prepare a written cleaning program that describes cleaning process in detail, 
including materials, methods, sequence, and equipment to be used; protection of surrounding 
materials; and control of runoff during operations.

1. If materials and methods other than those indicated are proposed for any phase of cleaning 
work, add to the quality-control program a written description of such materials and 
methods, including evidence of successful use on comparable projects, and 
demonstrations to show their effectiveness for this Project.

1.9 MOCKUPS

A. Chemical Cleaner:

1. Prepare mockups of cleaning on existing surfaces to demonstrate aesthetic effects and to 
set quality standards for materials and execution.
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2. Cleaning: Clean an area approximately 15 sq. ft. for each type of masonry and surface 
condition.
a. Test cleaners and methods on samples of adjacent materials for possible adverse 

reactions. Do not test cleaners and methods known to have deleterious effect.
b. Allow a waiting period of not less than seven days after completion of sample 

cleaning to permit a study of sample panels for negative reactions.
c. If necessary, additional or multiple cleaners will be tested utilizing mock-up 

procedures.

B. Water Cleaning:

1. Prepare mockups of cleaning on existing surfaces to demonstrate aesthetic effects and to 
set quality standards for materials and execution.

2. Cleaning: Clean an area approximately 15 sq. ft. for each type of masonry and surface 
condition.
a. Allow a waiting period of not less than seven days after completion of sample 

cleaning to permit a study of sample panels for negative reactions.

C. Provide additional mockup and test areas as needed.

D. Approval of mockups does not constitute approval of deviations from the Contract Documents 
contained in mockups unless Architect specifically approves such deviations in writing.

1.10 FIELD CONDITIONS

A. Weather Limitations: Proceed with installation only when existing and forecasted weather 
conditions permit masonry cleaning work to be performed according to product manufacturers' 
written instructions and specified requirements.

B. Clean masonry surfaces only when air temperature is 40 deg F and above and is predicted to 
remain so for at least seven days after completion of cleaning.

PART 2 - PRODUCTS

2.1 CLEANING MATERIALS

A. Water: Potable.

B. Hot Water: Water heated to a temperature of 140 to 160 deg F.

C. Cleaning Treatment: Manufacturer's standard mild non-ionic liquid cleaner formulated for 
removing mold, mildew, and other organic soiling from ordinary building materials, including brick, 
granite, sandstone, terra cotta, and other aggregate surfaces.

1. Basis-of-Design Product: Subject to compliance with requirements, provide PROSOCO, 
Inc; Sure Klean Restoration Cleaner or a comparable product by one of the following:

a. Equal Manufacturer with equal product.
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2.2 ACCESSORY MATERIALS

A. Liquid Strippable Masking Agent: Manufacturer's standard liquid, film-forming, strippable masking 
material for protecting glass, metal, glazed masonry, and polished stone surfaces from damaging 
effects of acidic and alkaline masonry cleaners.

B. Other Products: Select materials and methods of use based on the following, subject to approval 
of a mockup:

1. Previous effectiveness in performing the work involved.
2. Minimal possibility of damaging exposed surfaces.
3. Consistency of each application.
4. Uniformity of the resulting overall appearance.
5. Do not use products or tools that could do the following:

a. Remove, alter, or harm the present condition or future preservation of existing 
surfaces, including surrounding surfaces not in contract.

b. Leave residue on surfaces.

2.3 CHEMICAL-CLEANING SOLUTIONS

A. Dilute chemical cleaners with water to produce solutions not exceeding concentration 
recommended in writing by chemical-cleaner manufacturer.

PART 3 - EXECUTION

3.1 PROTECTION

A. Remove items that could be damaged by cleaning process and associated hardware adjacent to 
immediate work area and store during masonry cleaning. Reinstall when masonry cleaning is 
complete.

1. Provide temporary rain drainage during work to direct water away from building.

3.2 CLEANING MASONRY, GENERAL

A. Cleaning should be performed using the gentlest means possible.

B. Very Low-Pressure Spray is desired.

C. If required, cleaning by Low-Pressure Spray may be used.

D. Medium-Pressure and High-Pressure Spray are not allowed.

E. Cleaning should be performed prior to re-pointing and prior to window and door restoration work.  
Touch-up cleaning can be conducted after the re-pointing work.

F. Cleaning Appearance Standard: Cleaned surfaces are to have a uniform appearance as viewed 
from 20 feet away by Architect.

G. Cleaning chemicals shall be captured and disposed of properly and not allowed to come in contact 
with existing soils, vegetation, wood, fiberglass, glazing, or other materials.
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H. Proceed with cleaning in an orderly manner; work from bottom to top of each scaffold width and 
from one end of each elevation to the other. Ensure that dirty residues and rinse water do not 
wash over dry, cleaned surfaces.

I. Use only those cleaning methods indicated for each masonry material and location.

1. Brushes: Do not use wire brushes or brushes that are not resistant to chemical cleaner 
being used.

2. Spray Equipment: Use spray equipment that provides controlled application at volume and 
pressure indicated, measured at nozzle. Adjust pressure and volume to ensure that 
cleaning methods do not damage masonry.
a. Equip units with pressure gauges.
b. For chemical-cleaner spray application, use low-pressure tank or chemical pump 

suitable for chemical cleaner indicated, equipped with nozzle having a cone-shaped 
spray.

c. For water-spray application, use fan-shaped spray that disperses water at an angle 
of 25 to 50 degrees.

d. For heated water-spray application, use equipment capable of maintaining 
temperature between 140 and 160 deg F at flow rates indicated.

J. Perform each cleaning method in a manner that results in uniform coverage of all surfaces, 
including corners, moldings, and interstices, and that produces an even effect without streaking 
or damaging masonry surfaces.

1. Keep wall wet below area being cleaned to prevent streaking from runoff.

K. Perform additional general cleaning, paint and stain removal, and spot cleaning of small areas 
that are noticeably different when viewed according to "Cleaning Appearance Standard" 
Paragraph, so that cleaned surfaces blend smoothly into surrounding areas.

L. Water-Spray Application Methods:

1. Water-Spray Applications: Unless otherwise indicated, hold spray nozzle at least 6 inches 
from masonry surface, and apply water in horizontal back-and-forth sweeping motion, 
overlapping previous strokes to produce uniform coverage.

M. Chemical-Cleaner Application Methods: Apply chemical cleaners to masonry surfaces according 
to chemical-cleaner manufacturer's written instructions; use brush  or spray application.  Do not 
spray apply at pressures exceeding 50 psi . Do not allow chemicals to remain on surface for 
periods longer than those indicated or recommended in writing by manufacturer.

N. Rinse off chemical residue and soil by working upward from bottom to top of each treated area at 
each stage or scaffold setting. Periodically during each rinse, test pH of rinse water running off of 
cleaned area to determine that chemical cleaner is completely removed.

1. Apply neutralizing agent and repeat rinse if necessary to produce tested pH of between 
6.7 and 7.5.

O. After cleaning is complete, remove protection no longer required. Remove tape and adhesive 
marks.
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3.3 PRELIMINARY CLEANING

A. Removing Plant Growth: Completely remove visible plant, moss, and shrub growth from masonry 
surfaces. Carefully remove plants, creepers, and vegetation by cutting at roots and allowing 
remaining growth to dry as long as possible before removal. Remove loose soil and plant debris 
from open masonry joints to whatever depth they occur.

B. Preliminary Cleaning: Before beginning general cleaning, remove extraneous substances that are 
resistant to planned cleaning methods. Extraneous substances include paint, caulking, asphalt, 
and tar.

1. Carefully remove heavy accumulations of rigid materials from masonry surface with sharp 
chisel. Do not scratch or chip masonry surface.

3.4 CLEANING BRICKWORK

A. Cold-Water Wash: Use cold water applied by low-pressure spray.

B. Hot-Water Wash: Use hot water applied by low-pressure spray.

C. Mold, Mildew, and Algae Removal:

1. Wet surface with cold water applied by low-pressure spray.
2. Apply mold, mildew, and algae remover by brush or low-pressure spray.
3. Scrub surface with medium-soft brushes until mold, mildew, and algae are thoroughly 

dislodged and can be removed by rinsing. Use small brushes for mortar joints and crevices. 
Dip brush in mold, mildew, and algae remover often to ensure that adequate fresh cleaner 
is used and that surface remains wet.

4. Rinse with cold water applied by low-pressure spray to remove mold, mildew, and algae 
remover and soil.

5. Repeat cleaning procedure, where needed to produce cleaning effect established by 
mockup.

D. Nonacidic Liquid Chemical Cleaning:

1. Wet surface with cold water applied by low-pressure spray.
2. Apply cleaner to surface by brush or low-pressure spray.
3. Let cleaner remain on surface for period recommended in writing by chemical-cleaner 

manufacturer and as established by mockup.
4. Rinse with cold water applied by low-pressure spray to remove chemicals and soil.
5. Repeat cleaning procedure, where needed to produce cleaning effect established by 

mockup. Do not repeat more than once. If additional cleaning is required, use steam 
cleaning.

3.5 FINAL CLEANING

A. Clean adjacent nonmasonry surfaces of spillage and debris. Use detergent and soft brushes or 
cloths.

B. Remove masking materials, leaving no residues that could trap dirt.

END OF SECTION 04 03 23
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04 03 22 HISTORIC BRICK UNIT MASONRY REPAIR

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section.

B. The Secretary of the Interior’s Standards for the Treatment of Historic Properties with Guidelines 
for Preserving, Rehabilitating, Restoring, & Reconstructing Historic Buildings.

1.2 SUMMARY

A. Section includes historic treatment work consisting of repairing historic clay brick masonry as 
follows:

1. Repairing unit masonry.

1.3 DEFINITIONS

A. Low-Pressure Spray:

1. Pressure: 100 to 400 psi.
2. Flow Rate: 4 to 6 gpm.

B. Rebuilding (Setting) Mortar: Mortar used to set and anchor masonry in a structure, distinct from 
pointing mortar installed after masonry is set in place.

C. Saturation Coefficient: Ratio of the weight of water absorbed during immersion in cold water to 
weight absorbed during immersion in boiling water; used as an indication of resistance of bricks 
to freezing and thawing.

1.4 PREINSTALLATION MEETINGS

A. Preinstallation Conference: Conduct conference at Project site.

1. Review methods and procedures related to repairing historic brick masonry, including, but 
not limited to, the following:
a. Personnel, equipment, and facilities needed to make progress and avoid delays.
b. Materials, material application, sequencing, tolerances, and required clearances.
c. Coordination with building occupants.

1.5 SEQUENCING AND SCHEDULING

A. Order materials immediately after approval of Samples and mockups. Take delivery of and store 
at Project site a sufficient quantity to complete Project.
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B. Work Sequence: Perform masonry historic treatment work in the following sequence, which 
includes work specified in this and other Sections:

1. Remove plant growth.
2. Inspect masonry for open mortar joints and permanently or temporarily point them before 

cleaning to prevent intrusion of water and other cleaning materials into the wall.
3. Clean masonry.
4. Rake out mortar from joints surrounding masonry to be replaced and from joints adjacent 

to masonry repairs along joints.
5. Repair masonry, including replacing existing masonry with new masonry materials.
6. Rake out mortar from joints to be repointed.
7. Point mortar joints.
8. After repairs and repointing have been completed and cured, perform a final cleaning to 

remove residues from this work.

1.6 ACTION SUBMITTALS

A. Product Data: For each type of product.

1. Include construction details, material descriptions, dimensions of individual components 
and profiles, and finishes.

2. Include recommendations for product application and use.
3. Include test data substantiating that products comply with requirements.

B. Samples for Initial Selection: For the following:

1. Patching Compound: Submit sets of patching compound Samples in the form of plugs 
(patches in drilled holes) in sample units of masonry representative of the range of masonry 
colors on the building.
a. Have each set contain a close color range of at least three Samples of different 

mixes of patching compound that match the variations in existing masonry when 
cured and dry.

2. Include similar Samples of accessories involving color selection.

C. Samples for Verification: For the following:

1. Each type of brick to be used for replacing existing units. Include sets of Samples to show 
the full range of shape, color, and texture to be expected.
a. For each brick type, provide straps or panels containing at least four bricks. Include 

multiple straps for brick with a wide range.
2. Each type of patching compound in the form of briquettes, at least 3 inches long by 1-1/2 

inches wide. Document each Sample with manufacturer and stock number or other 
information necessary to order additional material.

3. Accessories: Each type of anchor, accessory, and miscellaneous support.

1.7 QUALITY ASSURANCE

A. Historic Brick Repair Contractor Qualifications: Engage an experienced and qualified historic 
masonry repair contractor to perform the work of this section. Experience in reparing new or non-
historic masonry is insufficient experience for masonry historic treatment work.

1. Field Supervision: Repair firms shall maintain experienced full-time supervisors on Project 
site during times that stone repointing work is in progress.
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B. Quality-Control Program: Prepare a written quality-control program for this Project to 
systematically demonstrate the ability of personnel to properly follow methods and use materials 
and tools without damaging masonry. Include provisions for supervising worker performance and 
preventing damage.

C. Unit Masonry Historic Treatment Program: Prepare a written, detailed description of materials, 
methods, equipment, and sequence of operations to be used for each phase of historic treatment 
work, including protection of surrounding materials and Project site.

D. Mockups: Prepare mockups of historic treatment to demonstrate aesthetic effects and to set 
quality standards for materials and execution and for fabrication and installation.

1. Masonry Repair: Prepare sample areas for each type of masonry material indicated to have 
repair work performed. If not otherwise indicated, size each mockup not smaller than two 
adjacent whole units or approximately 48 inches in least dimension. Construct sample 
areas in locations in existing walls where directed by Architect unless otherwise indicated. 
Demonstrate quality of materials, workmanship, and blending with existing work. Include 
the following as a minimum:
a. Replacement: Four brick units replaced.
b. Patching: Three small cracks at least 2 inches in length for each type of brick 

indicated to be patched, so as to leave no evidence of repair.
2. Approval of mockups does not constitute approval of deviations from the Contract 

Documents contained in mockups unless Architect specifically approves such deviations 
in writing.

3. Subject to compliance with requirements, approved mockups may become part of the 
completed Work if undisturbed at time of Substantial Completion.

1.8 DELIVERY, STORAGE, AND HANDLING

A. Deliver bricks to Project site strapped together in suitable packs or pallets or in heavy-duty cartons 
and protected against impact and chipping.

B. Deliver packaged materials to Project site in manufacturer's original and unopened containers, 
labeled with manufacturer's name and type of products.

C. Store cementitious materials on elevated platforms, under cover, and in a dry location. Do not 
use cementitious materials that have become damp.

D. Store hydrated lime in manufacturer's original and unopened containers. Discard lime if 
containers have been damaged or have been opened for more than two days.

E. Store lime putty covered with water in sealed containers.

F. Store sand where grading and other required characteristics can be maintained and 
contamination avoided.

G. Handle bricks to prevent overstressing, chipping, defacement, and other damage.

1.9 FIELD CONDITIONS

A. Weather Limitations: Proceed with installation only when existing and forecasted weather 
conditions permit repair work to be performed according to product manufacturers' written 
instructions and specified requirements.
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B. Temperature Limits: Repair brick masonry only when air temperature is between 40 and 90 deg F 
and is predicted to remain so for at least seven days after completion of the Work unless otherwise 
indicated.

C. Cold-Weather Requirements: Comply with the following procedures for masonry repair unless 
otherwise indicated:

1. When air temperature is below 40 deg F, heat mortar ingredients, masonry repair 
materials, and existing masonry walls to produce temperatures between 40 and 120 deg F.

2. When mean daily air temperature is below 40 deg F, provide enclosure and heat to 
maintain temperatures above 32 deg F within the enclosure for seven days after repair.

D. Hot-Weather Requirements: Protect masonry repairs when temperature and humidity conditions 
produce excessive evaporation of water from mortar and repair materials. Provide artificial shade 
and wind breaks, and use cooled materials as required to minimize evaporation. Do not apply 
mortar to substrates with temperatures of 90 deg F and above unless otherwise indicated.

E. For manufactured repair materials, perform work within the environmental limits set by each 
manufacturer.

PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Source Limitations: Obtain each type of material for repairing historic masonry from single source 
with resources to provide materials of consistent quality in appearance and physical properties.

2.2 OWNER-FURNISHED MATERIAL

A. Salvaged brick.  Use to the greatest extent possible.

2.3 MASONRY MATERIALS

A. Face Brick: Units, including molded, ground, cut, or sawed shapes as required to complete 
masonry repair work.

1. Brick Matching Existing: Units with colors, color variation within units, surface texture, size, 
and shape that match existing brickwork.
a. For existing brickwork that exhibits a range of colors or color variation within units, 

provide brick that proportionally matches that range and variation rather than brick 
that matches an individual color within that range.

B. Salvaged Brick: Obtain salvaged brick from locations indicated on Drawings or by Owner. Clean 
off residual mortar.

2.4 MORTAR MATERIALS AND MIXES

A. See requirements of section 04 03 23 Historic Brick Repointing.
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2.5 MANUFACTURED REPAIR MATERIALS

A. Brick Patching Compound: Factory-mixed cementitious product that is custom manufactured for 
patching brick masonry.

1. Use “M70 Stone Restoration Mortar” by Jahn Restoration, or approved equal.
2. Use formulation that is vapor and water permeable (equal to or more than the brick), 

exhibits low shrinkage, has lower modulus of elasticity than the bricks being repaired, and 
develops high bond strength to all types of masonry.

3. Use formulation having working qualities and retardation control to permit forming and 
sculpturing where necessary.

4. Formulate patching compound used for patching brick in colors and textures to match each 
unit being patched. Provide sufficient number of colors to enable matching the color, 
texture, and variation of each unit.

2.6 ACCESSORY MATERIALS

A. Setting Buttons and Shims: Resilient plastic, nonstaining to masonry, sized to suit joint 
thicknesses and bed depths of bricks, less the required depth of pointing materials unless 
removed before pointing.

B. Masking Tape: Nonstaining, nonabsorbent material; compatible with mortar, joint primers, 
sealants, and surfaces adjacent to joints; and that easily comes off entirely, including adhesive.

C. Other Products: Select materials and methods of use based on the following, subject to approval 
of a mockup:

1. Previous effectiveness in performing the work involved.
2. Minimal possibility of damaging exposed surfaces.
3. Consistency of each application.
4. Uniformity of the resulting overall appearance.
5. Do not use products or tools that could do the following:

a. Remove, alter, or harm the present condition or future preservation of existing 
surfaces, including surrounding surfaces not in Contract.

b. Leave residue on surfaces.

PART 3 - EXECUTION

3.1 PROTECTION

A. Prevent mortar from staining face of surrounding masonry and other surfaces.

1. Cover sills, ledges, and other projecting items to protect them from mortar droppings.
2. Keep wall area wet below rebuilding and repair work to discourage mortar from adhering.
3. Immediately remove mortar splatters in contact with exposed masonry and other surfaces.

B. Remove items that could be damaged by cleaning process and associated hardware adjacent to 
immediate work area and store during masonry cleaning. Reinstall when masonry cleaning is 
complete.

1. Provide temporary rain drainage during work to direct water away from building.
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3.2 MASONRY REPAIR, GENERAL

A. Have repair work performed only by qualified contractors with historic masonry repair experience.

B. Repair Appearance Standard: Repaired surfaces are to have a uniform appearance as viewed 
from 20 feet away by Architect.

3.3 BRICK REMOVAL AND REPLACEMENT

A. At locations indicated, remove bricks that are damaged, spalled, or deteriorated. Carefully remove 
entire units from joint to joint, without damaging surrounding masonry, in a manner that permits 
replacement with full-size units.

1. When removing single bricks, remove material from center of brick and work toward outside 
edges.

B. Support and protect remaining masonry that surrounds removal area.

C. Maintain flashing, reinforcement, lintels, and adjoining construction in an undamaged condition. 
Coordinate with new flashing, reinforcement, and lintels, which are specified in other Sections.

D. Notify Architect of unforeseen detrimental conditions, including voids, cracks, bulges, loose 
masonry units in existing backup, rotted wood, rusted metal, and other deteriorated items.

E. Remove in an undamaged condition as many whole bricks as possible.

1. Remove mortar, loose particles, and soil from brick by cleaning with hand chisels, brushes, 
and water.

2. Remove sealants by cutting close to brick with utility knife and cleaning with solvents.
3. Store brick for reuse. Store off ground, on skids, and protected from weather.
4. Deliver cleaned brick not required for reuse to Owner unless otherwise indicated.

F. Clean masonry surrounding removal areas by removing mortar, dust, and loose particles in 
preparation for brick replacement.

G. Replace removed damaged brick with other removed brick and salvaged brick in good condition, 
where possible, or with new brick matching existing brick. Do not use broken units unless they 
can be cut to usable size.

H. Install replacement brick into bonding and coursing pattern of existing brick. If cutting is required, 
use a motor-driven saw designed to cut masonry with clean, sharp, unchipped edges.

1. Maintain joint width for replacement units to match existing joints.
2. Use setting buttons or shims to set units accurately spaced with uniform joints.

I. Lay replacement brick with rebuilding (setting) mortar and with completely filled bed, head, and 
collar joints. Butter ends with sufficient mortar to fill head joints and shove into place. Wet both 
replacement and surrounding bricks that have ASTM C 67 initial rates of absorption (suction) of 
more than 30 g/30 sq. in. per min.. Use wetting methods that ensure that units are nearly 
saturated but surface is dry when laid.

1. Tool exposed mortar joints in repaired areas to match joints of surrounding existing 
brickwork.
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2. Rake out mortar used for laying brick before mortar sets according to Section 040323 
"Historic Brick Unit Masonry Repointing." Point at same time as repointing of surrounding 
area.

3. When mortar is hard enough to support units, remove shims and other devices interfering 
with pointing of joints.

J. Curing: Cure mortar by maintaining in thoroughly damp condition for at least 72 consecutive 
hours, including weekends and holidays.

1. Hairline cracking within the mortar or mortar separation at edge of a joint is unacceptable. 
Completely remove such mortar and repoint.

3.4 BRICK MASONRY PATCHING

A. Patch the following bricks unless another type of repair or replacement is indicated:

1. Units indicated to be patched.

B. Patching Bricks:

1. Remove loose material from masonry surface. Carefully remove additional material so 
patch does not have feathered edges but has square or slightly undercut edges on area to 
be patched and is at least 1/4 inch(es) thick, but not less than recommended in writing by 
patching compound manufacturer.

2. Mask adjacent mortar joint or rake out for repointing if patch extends to edge of brick.
3. Mix patching compound in individual batches to match each unit being patched. Combine 

one or more colors of patching compound, as needed, to produce exact match.
4. Rinse surface to be patched and leave damp, but without standing water.
5. Brush-coat surfaces with slurry coat of patching compound according to manufacturer's 

written instructions.
6. Place patching compound in layers as recommended in writing by patching compound 

manufacturer, but not less than 1/4 inch or more than 2 inches thick. Roughen surface of 
each layer to provide a key for next layer.

7. Trowel, scrape, or carve surface of patch to match texture and surrounding surface plane 
or contour of the brick. Shape and finish surface before or after curing, as determined by 
testing, to best match existing brick.

8. Keep each layer damp for 72 hours or until patching compound has set.

3.5 FINAL CLEANING

A. After mortar has fully hardened, thoroughly clean exposed masonry surfaces of excess mortar 
and foreign matter; use wood scrapers, stiff-nylon or -fiber brushes, and clean water, applied by 
low-pressure spray.

1. Do not use metal scrapers or brushes.
2. Do not use acidic or alkaline cleaners.

B. Clean adjacent nonmasonry surfaces. Use detergent and soft brushes or cloths.

C. Remove masking materials, leaving no residues that could trap dirt.
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3.6 MASONRY-WASTE DISPOSAL

A. Salvageable Materials: Unless otherwise indicated, excess masonry materials are Contractor's 
property.

B. Masonry Waste: Remove masonry waste and legally dispose of off Owner's property.

END OF SECTION 04 03 23
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04 03 23 HISTORIC BRICK UNIT MASONRY REPOINTING

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and Division 01 Specification Sections, apply to this Section.

B. The Secretary of the Interior’s Standards for the Treatment of Historic Properties with Guidelines 
for Preserving, Rehabilitating, Restoring, & Reconstructing Historic Buildings.

C. U.S. Department of the Interior National Park Service, Preservation Brief #2.

1.2 SUMMARY

A. Section includes historic treatment work consisting of repointing brick masonry as follows:

1. Repointing joints with mortar.

1.3 DEFINITIONS

A. Low-Pressure Spray:

1. Pressure: 100 to 400 psi.
2. Flow Rate: 4 to 6 gpm.

1.4 PREINSTALLATION MEETINGS

A. Preinstallation Conference: Conduct conference at Project site.

1. Review methods and procedures related to repointing historic brick masonry, including, but 
not limited to, the following:
a. Personnel, equipment, and facilities needed to make progress and avoid delays.
b. Materials, material application, sequencing, tolerances, and required clearances.
c. Coordination with building occupants.

1.5 SEQUENCING AND SCHEDULING

A. Order materials for pointing mortar immediately after approval of Samples and mockups. Take 
delivery of and store at Project site a sufficient quantity to complete Project.

B. Work Sequence: Perform masonry historic treatment work in the following sequence, which 
includes work specified in this and other Sections:

1. Remove plant growth.
2. Inspect masonry for open mortar joints and permanently or temporarily point them before 

cleaning to prevent intrusion of water and other cleaning materials into the wall.
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3. Clean masonry.
4. Rake out mortar from joints surrounding masonry to be replaced and from joints adjacent 

to masonry repairs along joints.
5. Repair masonry, including replacing existing masonry with new masonry materials.
6. Rake out mortar from joints to be repointed.
7. Point mortar joints.
8. After repairs and repointing have been completed and cured, perform a final cleaning to 

remove residues from this work.

1.6 ACTION SUBMITTALS

A. Product Data: For each type of product.

1. Include construction details, material descriptions, dimensions of individual components 
and profiles, and finishes.

2. Include recommendations for product application and use.
3. Include test data substantiating that products comply with requirements.

B. Samples for Initial Selection: For the following:

1. Pointing Mortar: Submit sets of mortar for pointing in the form of sample mortar strips, 6 
inches long by 1/4 inch wide, set in aluminum or plastic channels.
a. Have each set contain a close color range of at least three Samples of different 

mixes of colored sands and cements that produce a mortar matching existing, 
cleaned mortar when cured and dry.

b. Submit with precise measurements on ingredients, proportions, gradations, and 
sources of colored sands from which each Sample was made.

2. Sand Type Used for Pointing Mortar: Minimum 8 oz. of each in plastic screw-top jars.
a. For blended sands, provide Samples of each component and blend. Identify blend 

ratio.
b. Identify sources, both supplier and quarry, of each type of sand.

3. Include similar Samples of accessories involving color selection.

C. Samples for Verification: For the following:

1. Each type, color, and texture of pointing mortar in the form of sample mortar strips, 6 inches 
long by 1/4 inch wide, set in aluminum or plastic channels.
a. Include with each Sample a list of ingredients with proportions of each. Identify 

sources, both supplier and quarry, of each type of sand and brand names of 
cementitious materials and pigments if any.

2. Accessories: Each type of anchor, accessory, and miscellaneous support.

1.7 INFORMATIONAL SUBMITTALS

A. Qualification Data: For repointing contractor including field supervisors and workers.

1.8 QUALITY ASSURANCE

A. Historic Brick Repointing Contractor Qualifications: Engage an experienced and qualified historic 
masonry repointing contractor to perform the work of this section. Experience in pointing or 
repointing only new or non-historic masonry is insufficient experience for masonry historic 
treatment work.
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1. Field Supervision: Repointing firms shall maintain experienced full-time supervisors on 
Project site during times that stone repointing work is in progress.

B. Quality-Control Program: Prepare a written quality-control program for this Project to 
systematically demonstrate the ability of personnel to properly follow methods and use materials 
and tools without damaging masonry. Include provisions for supervising worker performance and 
preventing damage.

C. Unit Masonry Historic Treatment Program: Prepare a written, detailed description of materials, 
methods, equipment, and sequence of operations to be used for each phase of historic treatment 
work, including protection of surrounding materials and Project site.

D. Mockups: Prepare mockups of historic treatment on existing surfaces to demonstrate aesthetic 
effects and to set quality standards for materials and execution.

1. Repointing: Rake out joints in two separate areas , each approximately 36 inches high by 
48 inches wide for each type of repointing required, and repoint one of the areas.

2. Approval of mockups does not constitute approval of deviations from the Contract 
Documents contained in mockups unless Architect specifically approves such deviations 
in writing.

3. Subject to compliance with requirements, approved mockups may become part of the 
completed Work if undisturbed at time of Substantial Completion.

1.9 DELIVERY, STORAGE, AND HANDLING

A. Deliver packaged materials to Project site in manufacturer's original and unopened containers, 
labeled with manufacturer's name and type of products.

B. Store cementitious materials on elevated platforms, under cover, and in a dry location. Do not 
use cementitious materials that have become damp.

C. Store hydrated lime in manufacturer's original and unopened containers. Discard lime if 
containers have been damaged or have been opened for more than two days.

D. Store lime putty covered with water in sealed containers.

E. Store sand where grading and other required characteristics can be maintained and 
contamination avoided.

1.10 FIELD CONDITIONS

A. Weather Limitations: Proceed with installation only when existing and forecasted weather 
conditions permit repointing work to be performed according to product manufacturers' written 
instructions and specified requirements.

B. Temperature Limits: Repoint mortar joints only when air temperature is between 40 and 90 deg F 
and is predicted to remain so for at least seven days after completion of the Work unless otherwise 
indicated.

C. Cold-Weather Requirements: Comply with the following procedures for mortar-joint pointing 
unless otherwise indicated:
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1. When air temperature is below 40 deg F, heat mortar ingredients and existing masonry 
walls to produce temperatures between 40 and 120 deg F.

2. When mean daily air temperature is below 40 deg F, provide enclosure and heat to 
maintain temperatures above 32 deg F within the enclosure for seven days after pointing.

D. Hot-Weather Requirements: Protect mortar-joint pointing when temperature and humidity 
conditions produce excessive evaporation of water from mortar materials. Provide artificial shade 
and wind breaks, and use cooled materials as required to minimize evaporation. Do not apply 
mortar to substrates with temperatures of 90 deg F and above unless otherwise indicated.

E. For manufactured repointing materials, perform work within the environmental limits set by each 
manufacturer.

PART 2 - PRODUCTS

2.1 MORTAR MATERIALS

A. Jahn Pointing Mortars.  Distributed by Cathedral Stone Products, Inc. www.cathedralstone.com . 
Mix the mortar with clean, potable water per manufacturer recommendations.  Excess water will 
lighten the color of the cured mortar.

1. Substitutions: If proposed equal is submitted, lab test to establish equivalent performance 
levels.  Use an independent testing laboratory, as determined by Specifier, and paid for by 
the submitting party.

B. Water: ASTM C 270, potable.

2.2 ACCESSORY MATERIALS

A. Masking Tape: Non-staining, nonabsorbent material; compatible with mortar, joint primers, 
sealants, and surfaces adjacent to joints; and that easily comes off entirely, including adhesive.

B. Other Products: Select materials and methods of use based on the following, subject to approval 
of a mockup:

1. Previous effectiveness in performing the work involved.
2. Minimal possibility of damaging exposed surfaces.
3. Consistency of each application.
4. Uniformity of the resulting overall appearance.
5. Do not use products or tools that could do the following:

a. Remove, alter, or harm the present condition or future preservation of existing 
surfaces, including surrounding surfaces not in Contract.

b. Leave residue on surfaces.

2.3 MORTAR MIXES

A. Do not use any additives, such as bonding agents, accelerators, or retardants in the mortar.

http://www.cathedralstone.com/
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PART 3 - EXECUTION

3.1 PROTECTION

A. Prevent mortar from staining face of surrounding masonry and other surfaces.

1. Cover sills, ledges, and other projecting items to protect them from mortar droppings.
2. Keep wall area wet below rebuilding and pointing work to discourage mortar from adhering.
3. Immediately remove mortar splatters in contact with exposed masonry and other surfaces.

B. Remove items that could be damaged by cleaning process and associated hardware adjacent to 
immediate work area and store during masonry cleaning. Reinstall when masonry cleaning is 
complete.

1. Provide temporary rain drainage during work to direct water away from building.

3.2 MASONRY REPOINTING, GENERAL

A. Have repointing work performed only by qualified contractors with historic brick repointing 
experience.

B. Appearance Standard: Repointed surfaces are to have a uniform appearance as viewed from 20 
feet away by Architect.

3.3 WIDENING JOINTS

A. Do not widen a joint, except where indicated or approved by Architect.

B. Location Guideline: Where an existing brick abuts another or the joint is less than 1/8 inch(es), 
widen the joint for length indicated and to depth required for repointing after obtaining Architect's 
approval.

C. Carefully perform widening by using cutting, grinding, routing, or filing procedures demonstrated 
in an approved mockup.

D. Widen joint to width equal to or less than predominant width of other joints on building. Make 
sides of widened joint uniform and parallel. Ensure that edges of units along widened joint are in 
alignment with joint edges at unaltered joints.

3.4 Mixing Mortar

A. It is recommended that a dust mask be worn during mixing.  Do not mix more material than can 
be used within 30 minutes.  Discard any mixed material that has been unused for 30 minutes or 
more.

B. Mixing ratio:  Approximately 4 to 5 parts dry material to 1 part water.  This ratio is approximate.  
Adjustments to the amount of water must be made according to local weather conditions.  
Excessive water will lighten the final color.  Pointing mortar should be drier than setting mortar to 
help control color.
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C. Add water to dry ingredients and mix well.  Adjust amount of water according to weather thand 
the porosity of the substrate.

3.5 REPOINTING

A. Rake out and repoint joints to the following extent:

1. All joints in areas indicated.
2. Joints at locations of the following defects:

a. Holes and missing mortar.
b. Cracks that can be penetrated 1/4 inch or more by a knife blade 0.027 inch thick.
c. Hollow-sounding joints when tapped by metal object.
d. Eroded surfaces 1/4 inch or more deep.
e. Deterioration to point that mortar can be easily removed by hand, without tools.
f. Joints filled with substances other than mortar.

B. Do not rake out and repoint joints where not required.

C. Rake out joints as follows, according to procedures demonstrated in approved mockup:

1. Remove mortar from joints to depth of 2-1/2 times joint width. Do not remove unsound 
mortar more than 1/3 of brick unit depth; consult Architect for direction.

2. Remove mortar from masonry surfaces within raked-out joints to provide reveals with 
square backs and to expose masonry for contact with pointing mortar. Brush, vacuum, or 
flush joints to remove dirt and loose debris.

3. Do not spall edges of bricks or widen joints. Replace or patch damaged bricks as directed 
by Architect.
a. Cut out mortar by hand with chisel and resilient mallet. Do not use power-operated 

grinders without Architect's written approval based on approved quality-control 
program.

b. Cut out center of mortar bed joints using angle grinders with diamond-impregnated 
metal blades. Remove remaining mortar in bed joints and mortar in head joints by 
hand with chisel and resilient mallet. Strictly adhere to approved quality-control 
program.

D. Notify Architect of unforeseen detrimental conditions, including voids in mortar joints, cracks, 
loose masonry units, rotted wood, rusted metal, and other deteriorated items.

E. Pointing with Mortar:

1. Rinse joint surfaces with water to remove dust and mortar particles. Time rinsing 
application so, at time of pointing, joint surfaces are damp but free of standing water. If 
rinse water dries, dampen joint surfaces before pointing.

2. Apply pointing mortar full depth per manufacturer’s recommendations.  Jahn 110 Pointing 
Mortar can be applied in a single lift regardless of depth.  Successive lifts with waiting 
periods between lifts are not necessary.

3. Apply pointing mortar to the dampened surface, packing the mortar into the joint to ensure 
full depth compaction.  The mortar should be brought flush with the face of adjacent joints 
and left to set for final tooling.

4. After mortar joint as “set” (the time of this will vary depending on the depth of the 
application, dampness of the masonry, and local weather conditions).  The joint should 
then be tooled to the desire finish to match existing joints.  Do not allow the mortar to 
harden before tooling, to prevent “burning” the joint.
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5. Clean up should be done by brushing with a clean dry brush across the joint.  If any mortar 
residue remains of the surface of the masonry unit, cleaning with clean water and a sponge 
is sufficient if done before the mortar dries.  Cleaning with acids and/or power washers 
should not be necessary if good pointing practices are followed.  If acid cleaning is required 
test samples should be applied prior to start of cleaning to ensure no damage will result.  
Neutralization of all acids must be ensured.

6. Cure mortar by maintaining in thoroughly damp condition for at least 72 consecutive hours, 
including weekends and holidays.
a. Acceptable curing methods include covering with wet burlap and plastic sheeting, 

periodic hand misting, and periodic mist spraying using system of pipes, mist heads, 
and timers.

b. Adjust curing methods to ensure that pointing mortar is damp throughout its depth 
without eroding surface mortar.

7. Hairline cracking within the mortar or mortar separation at edge of a joint is unacceptable. 
Remove mortar and repoint.

F. Where repointing work precedes cleaning of existing masonry, allow mortar to harden at least 30 
days before beginning cleaning work.

3.6 FINAL CLEANING

A. After mortar has fully hardened, thoroughly clean exposed masonry surfaces of excess mortar 
and foreign matter; use wood scrapers, stiff-nylon or -fiber brushes, and clean water, applied by 
low-pressure spray.

1. Do not use metal scrapers or brushes.
2. Do not use acidic or alkaline cleaners.

B. Clean adjacent non-masonry surfaces. Use detergent and soft brushes or cloths.

C. Remove masking materials, leaving no residues that could trap dirt.

END OF SECTION 04 03 23
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06 30 00.01 EPOXY REPAIR FOR DETERIORATION AND DECAY IN WOODEN MEMBERS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other 
Division 01 Specification Sections, apply to this Section. 

B. The Secretary of the Interior’s Standards for the Treatment of Historic Properties with Guidelines for Preserving, 
Rehabilitating, Restoring, & Reconstructing Historic Buildings. 

C. U.S. Department of the Interior National Park Service, Preservation Brief #9. 

1.2 SUMMARY 

A. This procedure includes guidance on stabilizing decayed wood members with epoxy consolidant and filler. 

B. For reference, as needed refer to the American Wood Protection Association www.awpa.com  

C. Deterioration and decay in wood results from moisture infiltration, accompanying fungal growth and insect 
infestation.  Failure of paint, caulk and sealant leaves the wood surface underneath it susceptible to these 
perils. 

D. Some sources of moisture may include the original moisture in green wood, rainwater, condensation, ground 
water, piped water, and water released by water-conducting fungus through the process of decay itself. 

E. Epoxy repair may be appropriate if: 
 

1. The piece is a structural member.  Epoxy has adequate compression strength, but is not the best choice 
to repair a member in tension.  In this case, replacement is usually a better option. 

2. The wood to be repaired is to remain unpainted (as the epoxy is quite different in appearance than 
wood).  In this case, appearances will matter to a greater degree, and the wood should be selectively 
replaced. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Acceptable manufacturers include, but are not limited to: 
 

1. Advanced Repair Technology, Inc. 
2. Abatron, Inc. 
3. ConServ Epoxy LLC 
4. Or equal Manufacturer with equal products. 

2.2 MATERIALS 

A. Epoxy consolidant and epoxy filler, both are multiple part compounds.  Purchase by the gallon unless a large 
amount of epoxying needs to be done.  Use one of the following, or approved equal: 

 

http://www.awpa.com/
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1. Advance Repair Technology, Inc.: 
a. The products of Advance Repair Technology, Inc. are recommended for use on smaller members 

such as window sashes where deep penetration of consolidant is not required.  The quick drying 
feature is an advantage for small, but repetitive, jobs.  Advance Repair Technology carries many 
different types of wood consolidants with varying degrees of penetration. 
1) Flexible Cell-Bonding Primer. 
2) Flexible Repair Compound. 
3) Other Advance Repair Technology, Inc. products as needed or required. 

 
2. Abatron, Inc.: 

a. The products of Abatron, Inc. are recommended for use on smaller members such as window 
sashes where deep penetration of consolidant is not required.  The quick drying feature is an 
advantage for small, but repetitive, jobs.  Abatron carries many different types of wood 
consolidants with varying degrees of penetration. 
1) Liquidwood-1 Consolidant 
2) Woodepox-2 Adhesive Paste 
3) Other Abatron products as needed or required. 

 
3. ConServ Epoxy LLC: 

a. The products of ConServ Epoxy LLC are recommended for treatment of thicker wood such as 
window sills.  Because of its slower curing time, it allows for deeper penetration into members. 
1) ConServ (T) Flexible Consolidant 100 
2) ConServe (T) Flexible Patch 200 
3) Other ConServ Epoxy products as needed or required. 

B. Follow all manufacturers written instructions for use, preparation, and application of wood repair products. 

2.3 EQUIPMENT 

A. Plastic bottles, like those used for hair dye, to apply the consolidant; having many on hand is 
recommended.  Cleaning of the bottles for reuse is possible. 

B. Applicator bottles:  Available from drug store and sold for hair dye application usually in 8 fl. oz. size;  Also 
available in bulk from Roux Laboratories (see paragraph 2.01 (a.) above.    Roux hair-color applicators lend 
themselves easily to cleaning and reuse. 

C. Rags of different sizes to wipe up spills before epoxy has a chance to harden, small rags are recommended 
for quick one time uses such as wiping off spouts and caps. 

D. Thin wooden sticks, approximately 8" long for scooping out paste and mixing consolidant. 

E. Goggles and a respirator for protection from fumes. 

F. Putty knives for application of filler. 

G. Channel lock pliers for opening stuck caps. 

H. Allen wrench to clean out cap holes. 

I. Needle nose pliers to pull out hardened epoxy. 

J. 1/8"x8"x12" Masonite boards for mixing paste filler. 

K. Carbon dioxide fire extinguisher:  Curing epoxy creates heat that may cause fire. 

L. Rotary saw. 
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M.  Air compressor. 

N. Drill. 

O. Stiff bristle brushes. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Detect rot using the "Pick Test": 
 

1. Insert an ice pick into the wood at a slight angle. 
2. Lift the pick out.  If the wood splinters in long pieces, the wood is ok.  If the wood snaps where the pick 

is being lifted, the wood is decayed. 

B. When rot is discovered: 
 

1. Determine the source of moisture infiltration and eliminate it.  
a. If rot is only present on the surface, drying is all that is necessary to stop the spread of decay and 

kill off any growth. 
 

2. If source of moisture is unknown, treat the wood with a preservative.  
a. Preservatives are caustic chemicals and should be handled with care. 
b. A particularly dangerous wood preserving chemical used frequently in the past was 

called pentachlorophenol. It is now a controlled industrial preservative, considered toxic, and any 
use except by specially trained conservators should be avoided at all costs.  If you have old stock 
of this chemical in storage, proper means of disposal should be sought out.  CAUTION:  THIS 
CHEMICAL IS CARCINOGENIC AND ITS USE IS BANNED IN MANY 
STATES. See  https://www.epa.gov/haps/health-effects-notebook-hazardous-aiR-pollutants 
and http://www.epa.gov/pesticides/factsheets/chemicals/pentachlorophenol_main.htm  
 

3. Preservatives will eliminate fungal growth, but will not restore strength to deteriorated wood material. 

3.2 PREPARATION 

A. Surface Preparation: Always follow the recommendations for use provided by the manufacturer of the filler or 
consolidant chosen. 

 
1. Dry affected wood member completely to arrest further decay.  Dry in place if possible -or- remove the 

member and keep in a cool dry place until dry. 
 

CAUTION:  IF THIS PRECAUTION IS NOT TAKEN, THE EPOXY CAN ACTUALLY TRAP MOISTURE 
UNDERNEATH IT IN THE WOOD FIBERS AND ACCELERATE THE DECAY PROCESS. 

 
2. Have all materials at hand before the mixing process begins. 
3. Label all caps and lids so that a cap or lid is not placed on the wrong container or it may remain there 

permanently. 

3.3 ERECTION, INSTALLATION, APPLICATION 

CAUTION:  AS EPOXIES CURE, HEAT IS PRODUCED.  FOR THIS REASON, EPOXIES SHOULD BE USED 
IN SMALL QUANTITIES TO DETER EXTENSIVE HEAT BUILD-UP.  CARE SHOULD BE TAKEN WHEN 
USING EPOXY ON A HOT DAY.   

https://www.epa.gov/haps/health-effects-notebook-hazardous-aiR-pollutants
http://www.epa.gov/pesticides/factsheets/chemicals/pentachlorophenol_main.htm
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A. Use caution when disposing of epoxy-covered components such as mixing and application bottles, resin-
coated clean-up towels, papers and wood scraps. 

B. Repair decayed wood using epoxy wood consolidant.  Always follow the recommendations for use provided 
by the manufacturer of the filler or consolidant chosen. 

 
1. Drill 1/4" or 3/16" holes in affected wood to receive epoxy consolidant: 

a. Drill holes at an angle and spaced approximately 2" on center in staggered rows. The top of one 
hole should line up with the bottom of the next hole. 
 
CAUTION:  BE SURE NOT TO DRILL THROUGH THE ENTIRE SURFACE FOR 
CONSOLIDANT WILL LEAK OUT FROM BEHIND. 
 

b. Dam any surface cracks with oil clay (this is old-fashioned modeling clay) so that epoxy will not 
leak. 
 

2. Remove sawdust and dirt from drilled holes by blowing (by mouth or with the aid of a common drinking 
straw), vacuuming, or use of stiff bristle brushes. 

3. Following manufacturer's instructions, thoroughly mix the consolidant components. 
4. Using a large plastic syringe or squeeze bottle and tube spout, carefully squirt the consolidant into the 

pre-drilled holes.  Completely saturate the wood, moving from hole to hole refilling until the wood can 
hold no more. More than one application may be needed to force air out of voids. 

5. Wipe off any excess consolidant or spills and cover the treated area to protect until cured as directed by 
epoxy manufacturer. 

6. If severed pieces need to be re-attached, glue them in place with a mixture of consolidant and filler, 
according to the manufacturer’s instructions. 

C. When the consolidant has cured, fill the voids in the surface with epoxy filler (wood-epoxy putty): 
 

1. Mix the two part epoxy filler according to manufacturer’s instructions until consistency of a glazing 
compound is uniform and compound can be worked with a putty knife. 

2. Apply the filler to the surface: 
a. For large voids, apply filler in 1" thick layers to reduce heat build-up that may undermine repairs. 
b. Build up filler layers slightly above the wood surface to allow for planing and sanding smooth after 

it has cured. 
 

3. When the filler has cured, sand or plane the surface smooth. 
4. Match the profile of the existing wood trim, molding, or other wood component. 
5. Apply a wood preservative to the surrounding wood surfaces, prime and paint the entire surface. 

END OF SECTION 06 30 00.01 
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07 41 13 FORMED METAL ROOF PANELS 
 
PART 1 GENERAL 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 
Division 01 Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Exposed-fastener, lap-seam, metal roof panels. 

B. Related Sections: 

1. Section 07 92 00 Joint Sealants 

1.3 PREINSTALLATION MEETINGS 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include construction details, material descriptions, dimensions of individual components and profiles, 
and finishes for each type of panel and accessory. 

B. Shop Drawings: 

1. Include fabrication and installation layouts of metal panels; details of edge conditions, joints, panel 
profiles, corners, anchorages, attachment system, trim, flashings, closures, and accessories; and 
special details. 

2. Accessories: Include details of the flashing, trim, and anchorage systems, at a scale of not less than 1-
1/2 inches per 12 inches. 

C. Samples for Initial Selection: For each type of metal panel indicated with factory-applied color finishes. 

1. Include similar Samples of trim and accessories involving color selection. 

1.5 INFORMATIONAL SUBMITTALS 

A. Sample Warranties: For special warranties. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Deliver components, metal panels, and other manufactured items so as not to be damaged or deformed. 
Package metal panels for protection during transportation and handling. 

B. Unload, store, and erect metal panels in a manner to prevent bending, warping, twisting, and surface damage. 

C. Stack metal panels horizontally on platforms or pallets, covered with suitable weathertight and ventilated 
covering. Store metal panels to ensure dryness, with positive slope for drainage of water. Do not store metal 
panels in contact with other materials that might cause staining, denting, or other surface damage. 

D. Retain strippable protective covering on metal panels during installation. 
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E. Copper Panels: Wear gloves when handling to prevent fingerprints and soiling of surface. 

1.7 FIELD CONDITIONS 

A. Weather Limitations: Proceed with installation only when existing and forecasted weather conditions permit 
assembly of metal panels to be performed according to manufacturers' written instructions and warranty 
requirements. 

1.8 COORDINATION 

A. Coordinate sizes and locations of roof curbs, equipment supports, and roof penetrations with actual equipment 
provided. 

B. Coordinate metal panel installation with rain drainage work, flashing, trim, construction of soffits, and other 
adjoining work to provide a leakproof, secure, and noncorrosive installation. 

1.9 WARRANTY 

A. Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or replace components 
of metal panel systems that fail in materials or workmanship within specified warranty period. 

1. Failures include, but are not limited to, the following: 
a. Structural failures including rupturing, cracking, or puncturing. 
b. Deterioration of metals and other materials beyond normal weathering. 

2. Warranty Period: One year from date of Substantial Completion. 

PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Hydrostatic-Head Resistance: No water penetration when tested according to ASTM E2140. 

2.2 EXPOSED-FASTENER, LAP-SEAM, METAL ROOF PANELS 

A. Provide factory-formed metal roof panels designed to be installed by lapping side edges of adjacent panels 
and mechanically attaching panels to supports using exposed fasteners inside laps. Include accessories 
required for weathertight installation. 

B. Corrugated-Profile, Exposed-Fastener Metal Roof Panels Formed with alternating curved ribs spaced at 2.88 
inches o.c. across width of panel. 

1. Aluminum Sheet: Coil-coated sheet, ASTM B209, alloy as standard with manufacturer, with temper as 
required to suit forming operations and structural performance required. 
a. Thickness: 26 gauge. 
b. Surface: Smooth finish. 
c. Exterior Finish: Two-coat fluoropolymer. 
d. Color: Match Existing. 

2. Panel Coverage: 33-5/8” 
3. Panel Height: 0.75” at 2.88” centers. 
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2.3 MISCELLANEOUS MATERIALS 

A. Miscellaneous Metal Subframing and Furring: ASTM C645; cold-formed, metallic-coated steel sheet, 
ASTM A653/A653M, G90 coating designation or ASTM A792/A792M, Class AZ50 aluminum-zinc-alloy coating 
designation unless otherwise indicated. Provide manufacturer's standard sections as required for support and 
alignment of metal panel system. 

B. Panel Accessories: Provide components required for a complete, weathertight panel system including trim, 
copings, fasciae, mullions, sills, corner units, clips, flashings, sealants, gaskets, fillers, closure strips, and 
similar items. Match material and finish of metal panels unless otherwise indicated. 

1. Closures: Provide closures at eaves and ridges, fabricated of same metal as metal panels. 
2. Closure Strips: Closed-cell, expanded, cellular, rubber or crosslinked, polyolefin-foam or closed-cell 

laminated polyethylene; minimum 1-inch- thick, flexible closure strips; cut or premolded to match metal 
panel profile. Provide closure strips where indicated or necessary to ensure weathertight construction. 

C. Flashing and Trim: Provide flashing and trim formed from same material as metal panels as required to seal 
against weather and to provide finished appearance. Locations include, but are not limited to, eaves, rakes, 
corners, bases, framed openings, ridges, fasciae, and fillers. Finish flashing and trim with same finish system 
as adjacent metal panels. 

D. Panel Fasteners: Self-tapping screws designed to withstand design loads. Provide exposed fasteners with 
heads matching color of metal panels by means of plastic caps or factory-applied coating. Provide EPDM or 
PVC sealing washers for exposed fasteners. 

E. Panel Sealants: Provide sealant types recommended by manufacturer that are compatible with panel materials, 
are nonstaining, and do not damage panel finish. 

1. Butyl-Rubber-Based, Solvent-Release Sealant: ASTM C1311. 

2.4 FABRICATION 

A. Fabricate and finish metal panels and accessories at the factory, by manufacturer's standard procedures and 
processes, as necessary to fulfill indicated performance requirements demonstrated by laboratory testing. 
Comply with indicated profiles and with dimensional and structural requirements. 

B. On-Site Fabrication: Subject to compliance with requirements of this Section, metal panels may be fabricated 
on-site using UL-certified, portable roll-forming equipment if panels are of same profile and warranted by 
manufacturer to be equal to factory-formed panels. Fabricate according to equipment manufacturer's written 
instructions and to comply with details shown. 

C. Provide panel profile, including major ribs and intermediate stiffening ribs, if any, for full length of panel. 

D. Fabricate metal panel joints with factory-installed captive gaskets or separator strips that provide a weathertight 
seal and prevent metal-to-metal contact, and that minimize noise from movements. 

E. Sheet Metal Flashing and Trim: Fabricate flashing and trim to comply with manufacturer's recommendations 
and recommendations in SMACNA's "Architectural Sheet Metal Manual" that apply to design, dimensions, 
metal, and other characteristics of item indicated. 

1. Form exposed sheet metal accessories that are without excessive oil canning, buckling, and tool marks 
and that are true to line and levels indicated, with exposed edges folded back to form hems. 

2. Seams for Aluminum: Fabricate nonmoving seams with flat-lock seams. Form seams and seal with 
epoxy seam sealer. Rivet joints for additional strength. 

3. Seams for Other Than Aluminum: Fabricate nonmoving seams in accessories with flat-lock seams. Tin 
edges to be seamed, form seams, and solder. 

4. Sealed Joints: Form nonexpansion, but movable, joints in metal to accommodate sealant and to comply 
with SMACNA standards. 
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5. Conceal fasteners and expansion provisions where possible. Exposed fasteners are not allowed on 
faces of accessories exposed to view. 

6. Fabricate cleats and attachment devices from same material as accessory being anchored or from 
compatible, noncorrosive metal recommended in writing by metal panel manufacturer. 
a. Size: As recommended by SMACNA's "Architectural Sheet Metal Manual" or metal panel 

manufacturer for application, but not less than thickness of metal being secured. 

2.5 FINISHES 

A. Protect mechanical and painted finishes on exposed surfaces from damage by applying a strippable, temporary 
protective covering before shipping. 

B. Appearance of Finished Work: Variations in appearance of abutting or adjacent pieces are acceptable if they 
are within one-half of the range of approved Samples. Noticeable variations in same piece are unacceptable. 
Variations in appearance of other components are acceptable if they are within the range of approved Samples 
and are assembled or installed to minimize contrast. 

C. Aluminum Panels and Accessories: 

1. Two-Coat Fluoropolymer: AAMA 2605. Fluoropolymer finish containing not less than 70 percent 
polyvinylidene fluoride (PVDF) resin by weight in color coat. Prepare, pretreat, and apply coating to 
exposed metal surfaces to comply with coating and resin manufacturers' written instructions. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates, areas, and conditions, with Installer present, for compliance with requirements for 
installation tolerances, metal panel supports, and other conditions affecting performance of the Work. 

1. Examine primary and secondary roof framing to verify that rafters, purlins, angles, channels, and other 
structural panel support members and anchorages have been installed within alignment tolerances 
required by metal roof panel manufacturer. 

2. Examine solid roof sheathing to verify that sheathing joints are supported by framing or blocking and 
that installation is within flatness tolerances required by metal roof panel manufacturer. 
a. Verify that air- or water-resistive barriers have been installed over sheathing or backing substrate 

to prevent air infiltration or water penetration. 

B. Examine roughing-in for components and systems penetrating metal panels to verify actual locations of 
penetrations relative to seam locations of metal panels before installation. 

C. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 PREPARATION 

A. Miscellaneous Supports: Install subframing, furring, and other miscellaneous panel support members and 
anchorages according to ASTM C754 and metal panel manufacturer's written recommendations. 

3.3 INSTALLATION OF METAL ROOF PANELS 

A. Install metal panels according to manufacturer's written instructions in orientation, sizes, and locations 
indicated. Install panels perpendicular to supports unless otherwise indicated. Anchor metal panels and other 
components of the Work securely in place, with provisions for thermal and structural movement. 
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1. Shim or otherwise plumb substrates receiving metal panels. 
2. Flash and seal metal panels at perimeter of all openings. Fasten with self-tapping screws. Do not begin 

installation until air or water-resistive barriers and flashings that are concealed by metal panels are 
installed. 

3. Install screw fasteners in predrilled holes. 
4. Locate and space fastenings in uniform vertical and horizontal alignment. 
5. Install flashing and trim as metal panel work proceeds. 
6. Locate panel splices over, but not attached to, structural supports. Stagger panel splices and end laps 

to avoid a four-panel lap splice condition. 
7. Align bottoms of metal panels and fasten with blind rivets, bolts, or self-tapping screws. Fasten flashings 

and trim around openings and similar elements with self-tapping screws. 
8. Provide weathertight escutcheons for pipe- and conduit-penetrating panels. 

B. Fasteners: 

1. Aluminum Panels: Use aluminum or stainless-steel fasteners for surfaces exposed to the exterior; use 
aluminum or galvanized-steel fasteners for surfaces exposed to the interior. 

C. Metal Protection: Where dissimilar metals contact each other or corrosive substrates, protect against galvanic 
action as recommended in writing by metal panel manufacturer. 

D. Lap-Seam Metal Panels: Fasten metal panels to supports with fasteners at each lapped joint at location and 
spacing recommended by manufacturer. 

1. Lap ribbed or fluted sheets one full rib. Apply panels and associated items true to line for neat and 
weathertight enclosure. 

2. Provide metal-backed washers under heads of exposed fasteners bearing on weather side of metal 
panels. 

3. Locate and space exposed fasteners in uniform vertical and horizontal alignment. Use proper tools to 
obtain controlled uniform compression for positive seal without rupture of washer. 

4. Install screw fasteners with power tools having controlled torque adjusted to compress washer tightly 
without damage to washer, screw threads, or panels. Install screws in predrilled holes. 

5. Flash and seal panels with weather closures at perimeter of all openings. 
6. Watertight Installation: 

a. Apply a continuous ribbon of sealant or tape to seal lapped joints of metal panels, using sealant 
or tape as recommend by manufacturer on side laps of nesting-type panels and elsewhere as 
needed to make panels watertight. 

b. Provide sealant or tape between panels and protruding equipment, vents, and accessories. 
c. At panel splices, nest panels with minimum 6-inch end lap, sealed with sealant and fastened 

together by interlocking clamping plates. 

E. Accessory Installation: Install accessories with positive anchorage to building and weathertight mounting, and 
provide for thermal expansion. Coordinate installation with flashings and other components. 

1. Install components required for a complete metal panel system including trim, copings, corners, seam 
covers, flashings, sealants, gaskets, fillers, closure strips, and similar items. Provide types indicated by 
metal panel manufacturer; or, if not indicated, provide types recommended in writing by metal panel 
manufacturer. 

F. Flashing and Trim: Comply with performance requirements, manufacturer's written installation instructions, and 
SMACNA's "Architectural Sheet Metal Manual." Provide concealed fasteners where possible, and set units 
true to line and level. Install work with laps, joints, and seams that are permanently watertight. 

1. Install exposed flashing and trim that is without buckling and tool marks, and that is true to line and levels 
indicated, with exposed edges folded back to form hems. Install sheet metal flashing and trim to fit 
substrates and achieve waterproof performance. 

2. Expansion Provisions: Provide for thermal expansion of exposed flashing and trim. Space movement 
joints at a maximum of 10 feet with no joints allowed within 24 inches of corner or intersection. Where 
lapped expansion provisions cannot be used or would not be sufficiently waterproof, form expansion 
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joints of intermeshing hooked flanges, not less than 1 inch deep, filled with mastic sealant (concealed 
within joints). 

3.4 ERECTION TOLERANCES 

A. Installation Tolerances: Shim and align metal panel units within installed tolerance of 1/4 inch in 20 feet on 
slope and location lines and within 1/8-inch offset of adjoining faces and of alignment of matching profiles. 

3.5 CLEANING AND PROTECTION 

A. Remove temporary protective coverings and strippable films, if any, as metal panels are installed, unless 
otherwise indicated in manufacturer's written installation instructions. On completion of metal panel installation, 
clean finished surfaces as recommended by metal panel manufacturer. Maintain in a clean condition during 
construction. 

B. Replace metal panels that have been damaged or have deteriorated beyond successful repair by finish touchup 
or similar minor repair procedures. 

 

 
END OF SECTION 07 41 13 
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07 92 00 JOINT SEALANTS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other 
Division 01 Specification Sections, apply to this Section. 

B. The Secretary of the Interior’s Standards for the Treatment of Historic Properties with Guidelines for 

Preserving, Rehabilitating, Restoring, & Reconstructing Historic Buildings. 

C. U.S. Department of the Interior National Park Service, Preservation Brief #2. 

1.2 SUMMARY 

A. Section Includes: 

1. Silicone joint sealants. 
2. Silyl-terminated polyether joint sealants. 

1.3 PREI-NSTALLATION MEETINGS 

A. Pre-installation Conference: Conduct conference at Project site. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each joint-sealant product. 

B. Samples for Verification: For each kind and color of joint sealant required, provide Samples with joint sealants 
in 1/2-inch- wide joints formed between two 6-inch- long strips of material matching the appearance of exposed 
surfaces adjacent to joint sealants. 

C. Joint-Sealant Schedule: Include the following information: 

1. Joint-sealant application, joint location, and designation. 
2. Joint-sealant manufacturer and product name. 
3. Joint-sealant formulation. 
4. Joint-sealant color. 

1.5 QUALITY ASSURANCE 

A. Installer Qualifications: An authorized representative who is trained and approved by manufacturer. 

1.6 FIELD CONDITIONS 

A. Do not proceed with installation of joint sealants under the following conditions: 

1. When ambient and substrate temperature conditions are outside limits permitted by joint-sealant 
manufacturer or are below 40 deg F. 

2. When joint substrates are wet. 
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3. Where joint widths are less than those allowed by joint-sealant manufacturer for applications indicated. 
4. Where contaminants capable of interfering with adhesion have not yet been removed from joint 

substrates. 

PART 2 - PRODUCTS 

2.1 JOINT SEALANTS, GENERAL 

A. Compatibility: Provide joint sealants, backings, and other related materials that are compatible with one another 
and with joint substrates under conditions of service and application, as demonstrated by joint-sealant 
manufacturer, based on testing and field experience. 

B. Colors of Exposed Joint Sealants:  As selected by Architect from manufacturer's full range. 

2.2 SILICONE JOINT SEALANTS 

A. Silicone, Type S, Grade NS, Class 50, Use T, NT, M, A, G, and O: Single-component, non-sag, plus 50 percent 
and minus 50 percent movement capability, non-traffic-use, neutral-curing silicone joint sealant; ASTM C920,. 

1. Basis-of-Design Product: Subject to compliance with requirements, provide Franklin International; 
Titebond Ultimate MP Sealant. or a comparable product by one of the following: 

a. BASF Corporation. 
b. Pecora Corporation. 
c. Sika Corporation; Joint Sealants. 
d. Or equal manufacturer with equal product. 

2.3 SILYL-TERMINATED POLYETHER (STPE) JOINT SEALANTS 

A. STPE, S, NS, 50, NT: Single-component, non-sag, plus 50 percent and minus 50 percent movement capability, 
non-traffic-use, silyl-terminated polyether joint sealant; ASTM C920, Type S, Grade NS, Class 50, Use NT. 

1. Basis-of-Design Product: Subject to compliance with requirements, provide BASF Corporation; 
Sonolastic NP150 with VLM Technology or a comparable product by one of the following: 

a. Pecora Corporation. 
b. Sika Corporation; Joint Sealants. 
c. Franklin International. 
d. Or equal manufacturer with equal product. 

2.4 JOINT-SEALANT BACKING 

A. Sealant Backing Material, General: Non-staining; compatible with joint substrates, sealants, primers, and other 
joint fillers; and approved for applications indicated by sealant manufacturer based on field experience and 
laboratory testing. 

B. Cylindrical Sealant Backings: ASTM C1330, Type C (closed-cell material with a surface skin) or as approved 
in writing by joint-sealant manufacturer for joint application indicated, and of size and density to control sealant 
depth and otherwise contribute to producing optimum sealant performance. 

C. Bond-Breaker Tape: Polyethylene tape or other plastic tape recommended by sealant manufacturer for 
preventing sealant from adhering to rigid, inflexible joint-filler materials or joint surfaces at back of joint. Provide 
self-adhesive tape where applicable. 

http://www.specagent.com/Lookup?ulid=9400
http://www.specagent.com/Lookup?uid=123457110074
http://www.specagent.com/Lookup?uid=123457013342
http://www.specagent.com/Lookup?uid=123457013340
http://www.specagent.com/Lookup?uid=123457057841
http://www.specagent.com/Lookup?ulid=9440
http://www.specagent.com/Lookup?uid=123457013342
http://www.specagent.com/Lookup?uid=123457013340
http://www.specagent.com/Lookup?uid=123457057841
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2.5 MISCELLANEOUS MATERIALS 

A. Primer: Material recommended by joint-sealant manufacturer where required for adhesion of sealant to joint 
substrates indicated, as determined from preconstruction joint-sealant-substrate tests and field tests. 

B. Cleaners for Non-porous Surfaces: Chemical cleaners acceptable to manufacturers of sealants and sealant 
backing materials, free of oily residues or other substances capable of staining or harming joint substrates and 
adjacent nonporous surfaces in any way, and formulated to promote optimum adhesion of sealants to joint 
substrates. 

C. Masking Tape: Non-staining, non-absorbent material compatible with joint sealants and surfaces adjacent to 
joints. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine joints indicated to receive joint sealants, with Installer present, for compliance with requirements for 
joint configuration, installation tolerances, and other conditions affecting performance of the Work. 

B. Proceed with installation only after unsatisfactory conditions have been corrected. 

3.2 PREPARATION 

A. Surface Cleaning of Joints: Clean out joints immediately before installing joint sealants to comply with joint-
sealant manufacturer's written instructions and the following requirements: 

1. Remove all foreign material from joint substrates that could interfere with adhesion of joint sealant, 
including dust, paints (except for permanent, protective coatings tested and approved for sealant 
adhesion and compatibility by sealant manufacturer), old joint sealants, oil, grease, waterproofing, water 
repellents, water, surface dirt, and frost. 

2. Clean porous joint substrate surfaces by brushing, grinding, mechanical abrading, or a combination of 
these methods to produce a clean, sound substrate capable of developing optimum bond with joint 
sealants. Remove loose particles remaining after cleaning operations above by vacuuming or blowing 
out joints with oil-free compressed air. Porous joint substrates include the following: 

a. Concrete. 
b. Masonry. 
c. Wood. 

3. Remove laitance and form-release agents from concrete. 
4. Clean non-porous joint substrate surfaces with chemical cleaners or other means that do not stain, harm 

substrates, or leave residues capable of interfering with adhesion of joint sealants. Non-porous joint 
substrates include the following: 

a. Metal. 

B. Joint Priming: Prime joint substrates where recommended by joint-sealant manufacturer or as indicated by 
preconstruction joint-sealant-substrate tests or prior experience. Apply primer to comply with joint-sealant 
manufacturer's written instructions. Confine primers to areas of joint-sealant bond; do not allow spillage or 
migration onto adjoining surfaces. 

C. Masking Tape: Use masking tape where required to prevent contact of sealant or primer with adjoining surfaces 
that otherwise would be permanently stained or damaged by such contact or by cleaning methods required to 
remove sealant smears. Remove tape immediately after tooling without disturbing joint seal. 
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3.3 INSTALLATION OF JOINT SEALANTS 

A. General: Comply with joint-sealant manufacturer's written installation instructions for products and applications 
indicated, unless more stringent requirements apply. 

B. Sealant Installation Standard: Comply with recommendations in ASTM C1193 for use of joint sealants as 
applicable to materials, applications, and conditions indicated. 

C. Install sealant backings of kind indicated to support sealants during application and at position required to 
produce cross-sectional shapes and depths of installed sealants relative to joint widths that allow optimum 
sealant movement capability. 

1. Do not leave gaps between ends of sealant backings. 
2. Do not stretch, twist, puncture, or tear sealant backings. 
3. Remove absorbent sealant backings that have become wet before sealant application, and replace them 

with dry materials. 

D. Install bond-breaker tape behind sealants where sealant backings are not used between sealants and backs 
of joints. 

E. Install sealants using proven techniques that comply with the following and at the same time backings are 
installed: 

1. Place sealants so they directly contact and fully wet joint substrates. 
2. Completely fill recesses in each joint configuration. 
3. Produce uniform, cross-sectional shapes and depths relative to joint widths that allow optimum sealant 

movement capability. 

F. Tooling of Non-sag Sealants: Immediately after sealant application and before skinning or curing begins, tool 
sealants according to requirements specified in subparagraphs below to form smooth, uniform beads of 
configuration indicated; to eliminate air pockets; and to ensure contact and adhesion of sealant with sides of 
joint. 

1. Remove excess sealant from surfaces adjacent to joints. 
2. Use tooling agents that are approved in writing by sealant manufacturer and that do not discolor sealants 

or adjacent surfaces. 
3. Provide concave joint profile per Figure 8A in ASTM C1193 unless otherwise indicated. 
4. Provide flush joint profile according to Figure 8B in ASTM C1193. 
5. Provide recessed joint configuration of recess depth and according to Figure 8C in ASTM C1193. 

a. Use masking tape to protect surfaces adjacent to recessed tooled joints. 

3.4 FIELD QUALITY CONTROL 

A. Field-Adhesion Testing: Field test joint-sealant adhesion to joint substrates as follows: 

1. Extent of Testing: Test completed and cured sealant joints as follows: 

a. Perform 1 tests for the first 10 feet of joint length for each kind of sealant and joint substrate. 
b. Perform one test for each 100 feet of joint length thereafter. 

2. Test Method: Test joint sealants according to Method A, Field-Applied Sealant Joint Hand Pull Tab, in 
Appendix X1 in ASTM C1193 or Method A, Tail Procedure, in ASTM C1521. 

a. For joints with dissimilar substrates, verify adhesion to each substrate separately; extend cut 
along one side, verifying adhesion to opposite side. Repeat procedure for opposite side. 
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3. Inspect tested joints and report on the following: 

a. Whether sealants filled joint cavities and are free of voids. 
b. Whether sealant dimensions and configurations comply with specified requirements. 
c. Whether sealants in joints connected to pulled-out portion failed to adhere to joint substrates or 

tore cohesively. Include data on pull distance used to test each kind of product and joint substrate. 
Compare these results to determine if adhesion complies with sealant manufacturer's field-
adhesion hand-pull test criteria. 

4. Record test results in a field-adhesion-test log. Include dates when sealants were installed, names of 
persons who installed sealants, test dates, test locations, whether joints were primed, sealant material, 
sealant configuration, and sealant dimensions. 

5. Repair sealants pulled from test area by applying new sealants following same procedures used 
originally to seal joints. Ensure that original sealant surfaces are clean and that new sealant contacts 
original sealant. 

B. Evaluation of Field-Adhesion-Test Results: Sealants not evidencing adhesive failure from testing or non-
compliance with other indicated requirements will be considered satisfactory. Remove sealants that fail to 
adhere to joint substrates during testing or to comply with other requirements. Retest failed applications until 
test results prove sealants comply with indicated requirements. 

3.5 CLEANING 

A. Clean off excess sealant or sealant smears adjacent to joints as the Work progresses by methods and with 
cleaning materials approved in writing by manufacturers of joint sealants and of products in which joints occur. 

3.6 PROTECTION 

A. Protect joint sealants during and after curing period from contact with contaminating substances and from 
damage resulting from construction operations or other causes so sealants are without deterioration or damage 
at time of Substantial Completion. If, despite such protection, damage or deterioration occurs, cut out, remove, 
and repair damaged or deteriorated joint sealants immediately so installations with repaired areas are 
indistinguishable from original work. 

3.7 JOINT-SEALANT SCHEDULE 

A. Joint-Sealant Application: Exterior silicone. 

1. Joint Locations: 

a. Wood. 

B. Joint-Sealant Application: STPE. 

1. Joint Locations: 

 
a. Masonry. 
b. Metal. 

END OF SECTION 07 92 00 
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09 03 20 HISTORIC TREATMENT OF PLASTER 
 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 
Division 01 Specification Sections, apply to this Section. 

B. The Secretary of the Interior’s Standards for the Treatment of Historic Properties with Guidelines for Preserving, 
Rehabilitating, Restoring, & Reconstructing Historic Buildings. 

C. U.S. Department of the Interior National Park Service, Preservation Brief #21. 

1.2 SUMMARY 

A. Section Includes: 

1. Repair and replacement of interior gypsum plaster. 

B. Related Requirements: 

1. Section 01 35 91 " Protection Salvage and Treatment Procedures for Historic Building Materials” 
2. Section 09 91 23 “Interior Painting”. 

1.3 PREINSTALLATION MEETINGS 

A. Preinstallation Conference: Conduct conference at Project site. 

1. Review minutes of Preliminary Historic Treatment Conference that pertain to historic treatment of plaster. 
2. Review methods and procedures related to historic treatment of plaster including, but not limited to, the 

following: 
a. Verify historic treatment specialist's personnel, equipment, and facilities needed to make progress 

and avoid delays. 
b. Materials, material application, colors, patterns, and sequencing. 
c. Fire-protection plan. 
d. Plasterwork historic treatment program. 
e. Coordination with building occupants. 

1.4 SEQUENCING AND SCHEDULING 

A. Perform historic treatment of plaster in the following sequence, which includes work specified in this and other 
Sections: 

1. Dismantle existing surface-mounted objects and hardware that overlie plaster surfaces except items 
indicated to remain in place. Tag items with location identification and protect. 

2. Verify that temporary protections have been installed. 
3. Examine condition of plaster surfaces. 
4. Clean plaster surface and remove paint and other finishes to the extent required. 
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5. Repair and replace existing plaster and supports to the degree required for a uniform, tightly adhered 
surface on which to paint or apply other finishes. 

6. Cure repaired surfaces and allow them to dry for proper finishing. 
7. Paint and apply other finishes. 
8. Reinstall dismantled surface-mounted objects and hardware unless otherwise indicated. 

1.5 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include recommendations for product application and use. 

B. Samples for Initial Selection: For each exposed product that will be exposed and not be painted or otherwise 
finished and for each color and texture specified. 

C. Samples for Verification: For the following products: 

1. Linear Moldings: 24-inch-long section of each configuration wet-applied molding with finished joint. Show 
complete pattern and applied nonlinear cast-plaster shapes, if any. 

2. Nonlinear Shapes: Full-size unit of each configuration. 
3. Wood Lath: 18-inch-long section. 
4. Accessories: Each type in manufacturer's standard size. 

1.6 INFORMATIONAL SUBMITTALS 

A. Qualification Data: For qualified. 

1.7 QUALITY ASSURANCE 

A. Mockups: Prepare mockups of historic treatment processes for each type of plaster repair and reconstruction 
work to demonstrate aesthetic effects and to set quality standards for materials and execution and for 
fabrication and installation. 

1. Locate mockups in locations that enable viewing under same conditions as the completed Work 
2. Number and Size: one (1) ceiling surface of at least 5 sq. ft. or approximately 48 inches in least 

dimension to represent surfaces and conditions for application of each type of plaster repair and 
reconstruction under same conditions as the completed Work. Include at least the following: 
a. Install 5-sq. ft. area of wet-applied plaster replacement. 
b. Patch 5-sq. ft. area of wet-applied plaster replacement. 
c. Repair 2 linear ft. of plaster cracks. 
d. Reattach 4-sq. ft. area of delaminated plaster that has not fallen. 

3. Simulate finished lighting conditions for review of mockups. 
4. Approval of mockups does not constitute approval of deviations from the Contract Documents contained 

in mockups unless Architect specifically approves such deviations in writing. 
5. Subject to compliance with requirements, approved mockups may become part of the completed Work 

if undisturbed at time of Substantial Completion. 

1.8 DELIVERY, STORAGE, AND HANDLING 

A. Deliver packaged materials to Project site in manufacturer's original and unopened containers, labeled with 
manufacturer's name and type of products. 
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B. Store materials on elevated platforms, under cover, and in a dry location with ambient temperatures 
continuously maintained at not less than 45 deg F. 

C. Store hydrated lime and factory-prepared lime putty in manufacturer's original and unopened containers. 
Discard lime if containers have been damaged or have been opened for more than two days. 

D. Store materials not in use in tightly covered containers. 

E. Store lime putty covered with water in sealed containers. 

F. Store sand where grading and other required characteristics can be maintained and contamination avoided. 

1.9 FIELD CONDITIONS 

A. Comply with plaster-material manufacturers' written instructions. For gypsum plaster, also comply with 
ASTM C 842 requirements. 

B. Temperatures: Maintain temperatures in work areas at not less than 55 deg F or greater than 80 deg F for at 
least seven days before application of plaster, continuously during application, and for seven days after plaster 
has set or until plaster has dried. 

C. Avoid conditions that result in plaster drying out too quickly. 

1. Distribute heat evenly; prevent concentrated or uneven heat on plaster. 
2. Maintain relative humidity levels for prevailing ambient temperature that produce normal drying 

conditions. 
3. Ventilate work areas in a manner that prevents drafts of air from contacting surfaces during plaster 

application and until plaster is dry. 

PART 2 - PRODUCTS 

2.1 GYPSUM PLASTER MATERIALS 

A. Gypsum Materials: 

1. Lightweight Gypsum Ready-Mixed Plaster: ASTM C 28/C 28M, with mill-mixed perlite aggregate. 
2. Gypsum Neat Plaster: ASTM C 28/C 28M for use with job-mixed aggregates. 
3. Gypsum Wood-Fibered Plaster: ASTM C 28/C 28M. 
4. High-Strength Gypsum Neat Plaster: ASTM C 28/C 28M; with a minimum, average, dry compressive 

strength of 2800 psi per ASTM C 472 for a mix of 100 lb of plaster and 2 cu. ft. of sand. 
5. Gypsum Gaging Plaster. ASTM C 28/C 28M. 
6. High-Strength Gypsum Gaging Plaster: ASTM C 28/C 28M; with a minimum, average, dry compressive 

strength of 5000 psi per ASTM C 472 for a neat mix. 
7. Gypsum Ready-Mixed Finish Plaster: ASTM C 28/C 28M; manufacturer's standard, mill-mixed, gaged, 

interior finish. 
8. Gypsum Keene's Cement: ASTM C 61/C 61M. 

B. Hydrated Lime: ASTM C 206. 

C. Aggregates: 

1. Aggregate for Base-Coat Plasters: ASTM C 35, sand. 
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2.2 LATH 

A. Wood Lath: 3/4 inch by 1-1/2-inch sound, straight-grained, wood strips 

2.3 TRIM ACCESSORIES 

A. General: According to ASTM C 841 for gypsum plaster; coordinate depth of trim and accessories with 
thicknesses and number of plaster coats required. 

2.4 MISCELLANEOUS MATERIALS 

A. Water for Mixing and Finishing Plaster: Potable and free of substances capable of affecting plaster set or of 
damaging plaster, lath, or accessories. 

B. Fasteners for Attaching Lath to Substrates: 

1. For Gypsum Plaster: ASTM C 841. 
2. For Wood Lath: ASTM C 841 requirements for wood-floor-runner or wood-furring fasteners unless 

otherwise indicated on Drawings. 

C. Plaster-Stabilization Materials: Acrylic emulsion(s) and related installation products shall have proven 
effectiveness in reattaching delaminated plaster and shall have been used previously by historic treatment 
specialist with successful results. 

1. Acrylic Emulsion(s), General: Aqueous emulsion(s) of acrylic polymer, adhesive to plaster and plaster 
substrates, nontoxic, and non-reemulsifiable after curing. 

2. Prewet Solution: Low-viscosity acrylic emulsion. 
3. Adhesive: Thickened acrylic emulsion; thickener as recommended in writing by resin manufacturer and 

historic treatment specialist. 

PART 3 - EXECUTION 

3.1 HISTORIC TREATMENT OF PLASTER, GENERAL 

A. Historic Treatment Appearance Standard: Completed work is to have a uniform appearance as viewed by 
Architect from building interior at 5 feet away from surface. 

B. General: In treating historic plaster, disturb it as minimally as possible and as follows unless otherwise 
indicated: 

1. Dismantle loose, damaged, or deteriorated plaster, lath, and support systems that cannot be repaired. 
2. Verify extent of plaster deterioration against that indicated on Drawings. Consult Architect on types and 

extent of required work. 
3. Verify that substrate surface conditions are suitable for repairs. 
4. Provide lath, furring, and support systems for plaster included in the work of this Section. 
5. Replace lost details in new, wet-applied and cast plaster that replicate existing or indicated plaster 

configurations. 
6. Leave repaired plasterwork in proper condition for painting or applying other finishes as indicated. 
7. Install temporary protective measures to protect historic surfaces that shall be treated later. 

C. Illumination: Perform plastering work with adequate, uniform illumination that does not distort the flatness or 
curvature of surfaces. 
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3.2 EXAMINATION 

A. Examine substrates, areas, and conditions, with Installer present, for compliance with requirements for 
substrate and environmental conditions, installation tolerances, and other conditions affecting performance of 
the Work. 

1. If existing substrates cannot be prepared to an acceptable condition for plastering work, notify Architect 
in writing. 

2. Notify Architect of undocumented detrimental conditions including cracks, bulges, loose backup, rotted 
wood, rusted metal, and other deteriorated items. 

B. Begin historic plastering work only after unsatisfactory conditions have been corrected. 

3.3 PREPARATION FOR PLASTERING 

A. Substrates: Prepare according to plaster manufacturer's written instructions and as follows: 

1. Clean surfaces to remove dust, loose particles, grease, oil, incompatible curing compounds, form-
release agents, and other foreign matter and deposits that could impair bond with plaster. 

2. Remove ridges and protrusions greater than 1/8 inch and fill depressions greater than 1/4 inch with 
patching material. Allow to set and dry. 

3.4 PLASTER REMOVAL AND REPLACEMENT, GENERAL 

A. Dismantle plaster that is damaged or deteriorated to the limits indicated. Carefully dismantle areas along 
straight edges that lie over supports, without damaging surrounding plasterwork. 

B. Maintain lath and supporting members in an undamaged condition so far as practicable. Dismantle damaged 
lath and supports that cannot be repaired or resecured and replace with new work of same type. 

C. Notify Architect of undocumented detrimental conditions including cracks, bulges, loose backup, rotted wood, 
rusted metal, and other deteriorated items. 

D. Do not deviate more than plus or minus 1/8 inch in 10 feet from a true plane in finished plaster surfaces, as 
measured by a 10-foot straightedge placed on surface. 

E. Clean substrate surfaces to remove grease, waxes, oils, waterborne staining, debris, and other foreign matter 
and deposits that could impair bond with repair material. 

F. Wet wood lath and bases before plaster application. Keep substrate damp to the touch but without visible water 
droplets. 

G. Wet remaining plaster abutting the replacement plaster before installing new plasterwork. 

H. Finish plaster flush with metal frames and other built-in metal items or accessories that act as a plaster ground 
unless otherwise indicated. Where casing bead does not terminate plaster at metal frame, cut base coat free 
from metal frame before plaster sets and groove finish coat at junctures with metal. 

I. Provide plaster surfaces that are ready to receive field-applied finishes indicated. 
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3.5 FLAT GYPSUM-PLASTER REMOVAL AND REPLACEMENT 

A. General: Dismantle deteriorated plaster to existing sound plaster at locations indicated on Drawings. Use 
replacement plaster mixes of gypsum, lime, and aggregate; and application according to ASTM C 842 unless 
otherwise indicated. 

1. Inspect for lath deterioration. If any, replace lath. 
2. Sand bonding surfaces of repair area, and clean the surface with a nonmetallic bristle brush. 
3. Wet substrate to damp condition, but without visible water droplets, then install new plaster to original 

profiles. 

B. Gypsum-Plaster Base Coats: 

1. Base Coats over Wood Lath: Gypsum lightweight ready-mixed plaster with fiber . 

C. Gypsum-Plaster Finish Coats: 

1. Finish-Coat Mix for Smooth-Troweled Finishes: Gypsum gaging plaster Gypsum ready-mixed finish 
plaster High-strength gypsum gaging plaster Gypsum Keene's cement . 

D. Gypsum-Plaster Finishes: . 

1. Provide troweled finish unless otherwise indicated. 

3.6 REMOVING AND INSTALLING LATH AND ACCESSORIES 

A. General: Dismantle existing plaster as necessary to expose deteriorated or rusted lath, wire ties, and support 
system, back to firm substrates and supports. Repair with new materials, well secured to existing lath in good 
condition and to building structure. 

1. Cutting: Cut lath so it can be taken out completely from one support to the next. Cut to avoid cracking 
surrounding plaster. 

2. Cut out existing base-coat plaster beyond the edges of the new lath to permit new plaster to extend onto 
the old lath. Then step subsequent plaster coats to permit new plaster to extend over the old material. 

3. Install new lath according to ASTM C 841 for gypsum plaster. 

B. Notify Architect of undocumented detrimental conditions including cracks, bulges, loose backup, rotted wood, 
rusted metal, and other deteriorated items. 

C. Wood Lath: Install wood lath in same orientation and spacing as remaining wood lath and with lath ends 
supported by furring or framing. Stagger ends of adjacent laths over different supports, not aligned, and secure 
with fasteners at each end and spaced a maximum of 24 inches o.c. into supports. 

3.7 PATCH-TYPE REPAIR  

A. General: Patch voids, fractured surfaces, and crushed areas in otherwise sound plaster that are larger than 
cracks. 

1. Notify Architect of undocumented detrimental conditions including cracks, bulges, loose backup, rotted 
wood, rusted metal, and other deteriorated items. 

2. Inspect for deterioration of supporting plaster and lath, and repair or replace deteriorated material as 
required for a sound substrate. 

3. Rake perimeter of hole to sound plaster, and slightly undercut existing plaster to enable replacement 
plaster to tuck behind existing plaster. 
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4. Replace missing lath in kind. Bridge gaps in wood lath with expanded-metal lath, overlapping wood by 
6 inches and fastening them together. 

5. Clean hole to remove loose materials and other foreign matter and deposits that could impair bond with 
repair material. Where grease, waxes, oils, waterborne staining, or other foreign matter and deposits 
that could impair bond with repair material have penetrated into the plaster, enlarge the hole to remove 
these deposits. 

6. Wet substrate to damp condition, but without visible water droplets, then install patch material to original 
profiles. 

7. Maintain adjacent plasterwork in an undamaged condition so far as practicable. 

B. Lime-Plaster Mix: 1 part lime putty, 2-1/2 parts sand, applied in two coats with fiber in first coat Repair mix 
demonstrated in mockup . 

C. Gypsum-Plaster Mix: Gypsum gaging plaster Repair mix demonstrated in mockup . 

D. Finishing: Finish flat surfaces flush and with same texture as adjacent existing plaster. For molded plaster 
shapes, tool surface to restore the sharp edges and the shape of the molded shape to original contours. 

E. Hairline cracking within the plaster or plaster separation at edge of a patch is unacceptable. Completely 
dismantle such work and reinstall or repair. 

3.8 HAIRLINE CRACK REPAIR 

A. General: Repair cracks 1/32 inch in width or narrower in otherwise sound plaster. 

1. Notify Architect of undocumented detrimental conditions including cracks, bulges, loose backup, rotted 
wood, rusted metal, and other deteriorated items. 

2. Maintain adjacent plasterwork in an undamaged condition so far as practicable. 

B. Existing Topcoat: Open crack in existing topcoat to at least 1/8 inch in width and check for broken fiber 
reinforcement in base coats. 

C. Existing Base Coats: Do not open crack wider in existing base coats unless inspection or other indication 
shows that the fiber reinforcement has broken. Where inspections indicate failure of fiber reinforcement, 
proceed as for a large crack repair, but only for length of crack with broken fiber reinforcement. 

D. Clean out crack to remove loose materials and other foreign matter and deposits that could impair bond with 
repair material. Where grease, waxes, oils, waterborne staining, or other foreign matter and deposits that could 
impair bond with repair material have penetrated into the topcoat plaster, widen the crack and sand surface of 
the exposed basecoat to remove these deposits. 

E. Wet substrate to damp condition, but without visible water droplets. 

F. Force finish-coat plaster without aggregate into crack, filling crack to original plaster profile. 

G. Finishing: Finish flat surfaces flush and with same texture as adjacent existing plaster. For molded plaster 
shapes, tool surface to restore the sharp edges and the shape of the molded shape to original contours. 

3.9 LARGE CRACK REPAIR 

A. General: Repair cracks over 1/32 inch in width in otherwise sound plaster. 

1. Notify Architect of undocumented detrimental conditions including cracks, bulges, loose backup, rotted 
wood, rusted metal, and other deteriorated items. 

2. Maintain adjacent plasterwork in an undamaged condition so far as practicable. 
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B. Open crack to at least 1/8 inch in width and full depth with V-groove tool, and check for bond separation or lath 
deterioration. 

C. Abrade side surfaces of crack and remove inner crack debris by gouging (keying) the inside area of the crack. 

D. Clean out crack to remove loose materials and other foreign matter and deposits that could impair bond with 
repair material. Where grease, waxes, oils, waterborne staining, or other foreign matter and deposits that could 
impair bond with repair material have penetrated into the plaster, widen the crack to remove these deposits. 

E. Wet substrate to damp condition, but without visible water droplets. 

F. Install finish-coat plaster to fill crack to original plaster profile. 

G. Finishing: Finish flat surfaces flush and with same texture as adjacent existing plaster. For molded plaster 
shapes, tool surface to restore the sharp edges and the shape of the molded shape to original contours. 

H. Offset Cracks: If the crack is offset in surface plane by more than 1/8 inch dismantle the plaster on each side 
of the crack, a minimum width of 6 inches and down to the lath or other substrate. Then, repair as specified for 
flat-plaster removal and replacement. 

3.10 INSTALLATION TOLERANCES 

A. Completed plaster installation shall not deviate from a true plane by more than 1/8 inch as measured by a 5-
foot straightedge placed at any location on a surface, except where existing plaster is retained as a substrate 
for new plasterwork. 

3.11 CLEANING AND PROTECTION 

A. Protect work of other trades against damage. Promptly remove plaster from surfaces not indicated to be 
repaired or plastered. Do not scratch or damage finished surfaces. 

B. Repair floors, walls, and other surfaces stained, marred, or otherwise damaged during plastering. 

C. Correct damage to other historic surfaces and to new work of other trades by cleaning, repairing, replacing, 
and refinishing, as approved by Architect, and leave in an undamaged condition. 

D. Remove temporary protection and enclosure of other work. 

 

END OF SECTION 01 35 91 
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09 91 13 EXTERIOR PAINTING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other 
Division 01 Specification Sections, apply to this Section. 

B. The Secretary of the Interior’s Standards for the Treatment of Historic Properties with Guidelines for Preserving, 
Rehabilitating, Restoring, & Reconstructing Historic Buildings. 

C. U.S. Department of the Interior National Park Service, Preservation Brief #28. 

1.2 SUMMARY 

A. Section includes surface preparation and the application of paint systems on exterior substrates. 

1.3 DEFINITIONS 

A. MPI Gloss Level 1: Not more than five units at 60 degrees and 10 units at 85 degrees, according to 
ASTM D 523. 

B. MPI Gloss Level 3: 10 to 25 units at 60 degrees and 10 to 35 units at 85 degrees, according to ASTM D 523. 

C. MPI Gloss Level 4: 20 to 35 units at 60 degrees and not less than 35 units at 85 degrees, according to 
ASTM D 523. 

D. MPI Gloss Level 5: 35 to 70 units at 60 degrees, according to ASTM D 523. 

E. MPI Gloss Level 6: 70 to 85 units at 60 degrees, according to ASTM D 523. 

F. MPI Gloss Level 7: More than 85 units at 60 degrees, according to ASTM D 523. 

1.4 ACTION SUBMITTALS 

A. Product Data: For each type of product. Include preparation requirements and application instructions. 

1. Include printout of current "MPI Approved Products List" for each product category specified, with the 
proposed product highlighted. 

2. Indicate VOC content. 

B. Samples for Verification: For each type of paint system and each color and gloss of topcoat. 

1. Submit Samples on rigid backing, 8 inches square. 
2. Apply coats on Samples in steps to show each coat required for system. 
3. Label each coat of each Sample. 
4. Label each Sample for location and application area. 

C. Product List: Cross-reference to paint system and locations of application areas. Use same designations 
indicated on Drawings and in schedules. Include color designations. 
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1.5 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials, from the same product run, that match products installed and that are packaged with 
protective covering for storage and identified with labels describing contents. 

1. Paint:  5 percent, but not less than 1 gallon of each material and color applied. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Store materials not in use in tightly covered containers in well-ventilated areas with ambient temperatures 
continuously maintained at not less than 45 deg F. 

1. Maintain containers in clean condition, free of foreign materials and residue. 
2. Remove rags and waste from storage areas daily. 

1.7 FIELD CONDITIONS 

A. Apply paints only when temperature of surfaces to be painted and ambient air temperatures are between 50 
and 95 deg F. 

B. Do not apply paints in snow, rain, fog, or mist; when relative humidity exceeds 85 percent; at temperatures less 
than 5 deg F above the dew point; or to damp or wet surfaces. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Basis-of-Design Product: Subject to compliance with requirements, provide Sherwin-Williams Company, 
ProCryl Universal Primer, Pro Industrial Water-based Alkyd Urethane, Exterior Latex Wood Primer, and Pro 
Industrial Acrylic or comparable product by one of the following: 

1. Pittsburgh Paints. 
2. Benjamin Moore. 
3. Or equal manufacturer with equal products. 

B. Products: Subject to compliance with requirements, available products that may be incorporated into the Work 
include, but are not limited to products listed in the Exterior Painting Schedule for the paint category indicated. 

2.2 PAINT, GENERAL 

A. MPI Standards: Products shall comply with MPI standards indicated and shall be listed in its "MPI Approved 
Products Lists." 

B. Material Compatibility: 

1. Materials for use within each paint system shall be compatible with one another and substrates indicated, 
under conditions of service and application as demonstrated by manufacturer, based on testing and field 
experience. 

2. For each coat in a paint system, products shall be recommended in writing by topcoat manufacturers for 
use in paint system and on substrate indicated. 

C. Colors: Match existing field conditions. 

http://www.specagent.com/Lookup?ulid=11634
http://www.specagent.com/Lookup?uid=123457035131
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1. Accent color is a green color (match existing color). 
2. Siding, wood, and trim is a white color (match existing siding color). 

2.3 SOURCE QUALITY CONTROL 

A. Testing of Paint Materials: Owner reserves the right to invoke the following procedure: 

1. Owner will engage the services of a qualified testing agency to sample paint materials. Contractor will 
be notified in advance and may be present when samples are taken. If paint materials have already 
been delivered to Project site, samples may be taken at Project site. Samples will be identified, sealed, 
and certified by testing agency. 

2. Testing agency will perform tests for compliance with product requirements. 
3. Owner may direct Contractor to stop applying paints if test results show materials being used do not 

comply with product requirements. Contractor shall remove noncomplying paint materials from Project 
site, pay for testing, and repaint surfaces painted with rejected materials. Contractor will be required to 
remove rejected materials from previously painted surfaces if, on repainting with complying materials, 
the two paints are incompatible. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates and conditions, with Applicator present, for compliance with requirements for maximum 
moisture content and other conditions affecting performance of the Work. 

B. Maximum Moisture Content of Substrates: When measured with an electronic moisture meter as follows: 

1. Wood: 15 percent. 

C. Verify suitability of substrates, including surface conditions and compatibility, with existing finishes and primers. 

D. Proceed with coating application only after unsatisfactory conditions have been corrected. 

1. Application of coating indicates acceptance of surfaces and conditions. 

3.2 PREPARATION 

A. Comply with manufacturer's written instructions and recommendations in "MPI Architectural Painting 
Specification Manual" applicable to substrates and paint systems indicated. 

B. Remove hardware, covers, plates, and similar items already in place that are removable and are not to be 
painted. If removal is impractical or impossible because of size or weight of item, provide surface-applied 
protection before surface preparation and painting. 

1. After completing painting operations, use workers skilled in the trades involved to reinstall items that 
were removed. Remove surface-applied protection. 

C. Clean substrates of substances that could impair bond of paints, including dust, dirt, oil, grease, and 
incompatible paints and encapsulants. 

1. Remove incompatible primers and re-prime substrate with compatible primers or apply tie coat as 
required to produce paint systems indicated. 
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D. Metal Substrates: Remove rust, loose mill scale, and flaking paint. Clean using methods recommended in 
writing by paint manufacturer and the Secretary of the Interior’s Standards for the Treatment of Historic 
Properties and the Guidelines for Preserving, Rehabilitating, Restoring, and Reconstructing Historic Buildings. 

E. Wood Substrates: 

1. Scrape and clean knots. Before applying primer, apply coat of knot sealer recommended in writing by 
topcoat manufacturer for exterior use in paint system indicated. 

2. Sand surfaces that will be exposed to view, and dust off. 
3. Prime edges, ends, faces, undersides, and backsides of wood. 
4. After priming, fill holes and imperfections in the finish surfaces with putty or plastic wood filler. Sand 

smooth when dried. 

3.3 APPLICATION 

A. Apply paints according to manufacturer's written instructions and recommendations in "MPI Architectural 
Painting Specification Manual." 

1. Use applicators and techniques suited for paint and substrate indicated. 
2. Paint surfaces behind movable items same as similar exposed surfaces. Before final installation, paint 

surfaces behind permanently fixed items with prime coat only. 
3. Paint both sides and edges of exterior doors and entire exposed surface of exterior door frames. 
4. Paint entire exposed surface of window frames and sashes. 
5. Do not paint over labels of independent testing agencies or equipment name, identification, performance 

rating, or nomenclature plates. 
6. Primers specified in painting schedules may be omitted on items that are factory primed or factory 

finished if acceptable to topcoat manufacturers. 

B. Tint undercoats same color as topcoat, but tint each undercoat a lighter shade to facilitate identification of each 
coat if multiple coats of same material are to be applied. Provide sufficient difference in shade of undercoats 
to distinguish each separate coat. 

C. If undercoats or other conditions show through topcoat, apply additional coats until cured film has a uniform 
paint finish, color, and appearance. 

D. Apply paints to produce surface films without cloudiness, spotting, holidays, laps, brush marks, roller tracking, 
runs, sags, ropiness, or other surface imperfections. Cut in sharp lines and color breaks. 

3.4 FIELD QUALITY CONTROL 

A. Dry Film Thickness Testing: Owner may engage the services of a qualified testing and inspecting agency to 
inspect and test paint for dry film thickness. 

1. Contractor shall touch up and restore painted surfaces damaged by testing. 
2. If test results show that dry film thickness of applied paint does not comply with paint manufacturer's 

written recommendations, Contractor shall pay for testing and apply additional coats as needed to 
provide dry film thickness that complies with paint manufacturer's written recommendations. 

3.5 CLEANING AND PROTECTION 

A. At end of each workday, remove rubbish, empty cans, rags, and other discarded materials from Project site. 

B. After completing paint application, clean spattered surfaces. Remove spattered paints by washing, scraping, 
or other methods. Do not scratch or damage adjacent finished surfaces. 
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C. Protect work of other trades against damage from paint application. Correct damage to work of other trades by 
cleaning, repairing, replacing, and refinishing, as approved by Architect, and leave in an undamaged condition. 

D. At completion of construction activities of other trades, touch up and restore damaged or defaced painted 
surfaces. 

3.6 EXTERIOR PAINTING SCHEDULE 

A. Wood Substrates; Include but are not limited to siding, wood windows, wood trim, wood moldings, and wood 
doors. 

1. Water-based Alkyd Urethane Enamel System: Acrylic System: 

a. Prime Coat: Latex. 

1) Sherwin Williams; Exterior Latex Wood Primer B-42W0841. 

b. Intermediate Coat: Exterior, matching topcoat. 
c. Topcoat: Wood Trim: Alkyd Urethane: 

1) Sherwin Williams; Pro Industrial Water-based Alkyd Urethane B53-1050, gloss. 

 
d. Topcoat Wood: Acrylic: 

 
1) Sherwin Williams; Pro Industrial Acrylic Semi-gloss B66-600, gloss. 

END OF SECTION 09 91 13 
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09 91 23 INTERIOR PAINTING 
 
PART 1 GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and 
Division 01 Specification Sections, apply to this Section. 

B. The Secretary of the Interior’s Standards for the Treatment of Historic Properties with Guidelines for Preserving, 
Rehabilitating, Restoring, & Reconstructing Historic Buildings. 

C. U.S. Department of the Interior National Park Service, Preservation Brief #28. 

1.2 SUMMARY 

A. Section includes surface preparation and the application of paint systems on the following interior substrates: 
 

1. Plaster 

1.3 DEFINITIONS 

A. Gloss Level 1:  Not more than 5 units at 60 degrees and 10 units at 85 degrees, according to ASTM D 523. 

B. Gloss Level 2:  Not more than 10 units at 60 degrees and 10 to 35 units at 85 degrees, according to ASTM D 523. 

C. Gloss Level 3:  10 to 25 units at 60 degrees and 10 to 35 units at 85 degrees, according to ASTM D 523. 

D. Gloss Level 4:  20 to 35 units at 60 degrees and not less than 35 units at 85 degrees, according to ASTM D 523. 

E. Gloss Level 5:  35 to 70 units at 60 degrees, according to ASTM D 523. 

F. Gloss Level 6:  70 to 85 units at 60 degrees, according to ASTM D 523. 

G. Gloss Level 7:  More than 85 units at 60 degrees, according to ASTM D 523. 

1.4 ACTION SUBMITTALS 

A. Product Data:  For each type of product.  Include preparation requirements and application instructions. 

B. Samples for Initial Selection:  For each type of topcoat product. 

C. Samples for Verification:  For each type of paint system and in each color and gloss of topcoat. 

1. Submit Samples on rigid backing, 8 inches square. 
2. Step coats on Samples to show each coat required for system. 
3. Label each coat of each Sample. 
4. Label each Sample for location and application area. 

D. Product List:  For each product indicated, include the following: 

1. Cross-reference to paint system and locations of application areas.  Use same designations indicated 
on Drawings and in schedules. 

2. Printout of current "MPI Approved Products List" for each product category specified in Part 2, with the 
proposed product highlighted. 
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3. VOC content. 

1.5 MAINTENANCE MATERIAL SUBMITTALS 

A. Furnish extra materials, from the same product run, that match products installed and that are packaged with 
protective covering for storage and identified with labels describing contents. 

1. Paint:  5 percent, but not less than 1 gallon of each material and color applied. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Store materials not in use in tightly covered containers in well-ventilated areas with ambient temperatures 
continuously maintained at not less than 45 deg F. 

1. Maintain containers in clean condition, free of foreign materials and residue. 
2. Remove rags and waste from storage areas daily. 

1.7 FIELD CONDITIONS 

A. Apply paints only when temperature of surfaces to be painted and ambient air temperatures are between 50 and 
95 deg F. 

B. Do not apply paints when relative humidity exceeds 85 percent; at temperatures less than 5 deg F above the dew 
point; or to damp or wet surfaces. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, provide products by the following: 
 

1. Sherwin-Williams Company (The). 
2. Or equal Manufacturer with equal products. 

B. Products:  Subject to compliance with requirements, provide products listed in other Part 2 articles for the paint 
category indicated. 

2.2 PAINT, GENERAL 

A. MPI Standards:  Provide products that comply with MPI standards indicated and that are listed in its "MPI 
Approved Products List." 

B. Material Compatibility: 

1. Provide materials for use within each paint system that are compatible with one another, and substrates 
indicated, under conditions of service and application as demonstrated by manufacturer, based on 
testing and field experience. 

2. For each coat in a paint system, provide products recommended in writing by manufacturers of topcoat 
for use in paint system and on substrate indicated. 

C. VOC Content:  Products shall comply with VOC limits of authorities having jurisdiction and, for interior paints and 
coatings applied at Project site, the following VOC limits, exclusive of colorants added to a tint base, when 
calculated according to 40 CFR 59, Subpart D (EPA Method 24). 
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1. Flat Paints and Coatings:  50 g/L. 
2. Non-flat Paints and Coatings:  150 g/L. 
3. Dry-Fog Coatings:  400 g/L. 
4. Primers, Sealers, and Under-coaters:  200 g/L. 
5. Pretreatment Wash Primers:  420 g/L. 

D. Low-Emitting Materials:  Interior paints and coatings shall comply with the testing and product requirements of 
the California Department of Health Services' "Standard Practice for the Testing of Volatile Organic Emissions 
from Various Sources Using Small-Scale Environmental Chambers." 

E. Colors: To Match existing. 

2.3 PRIMERS/SEALERS 

A. Primer Latex, Interior (Plaster). 

1. Sherwin-Williams; ProMar 200 Zero Primer; B-28W02600. 

2.4 WATER-BASED PAINTS 

A. Egg shell, Interior (Flat) (Plaster): 
 

1. Sherwin-Williams; Pro Industrial, Pre-Catalyzed Water-Based Latex; B41-1950. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine substrates and conditions, with Applicator present, for compliance with requirements for maximum 
moisture content and other conditions affecting performance of the Work. 

B. Gypsum Board Substrates:  Verify that finishing compound is sanded smooth. 

C. Verify suitability of substrates, including surface conditions and compatibility with existing finishes and primers. 

D. Proceed with coating application only after unsatisfactory conditions have been corrected. 

1. Application of coating indicates acceptance of surfaces and conditions. 

3.2 PREPARATION 

A. Comply with manufacturer's written instructions and recommendations in "MPI Manual" applicable to substrates 
indicated. 

B. Remove hardware, covers, plates, and similar items already in place that are removable and are not to be painted.  
If removal is impractical or impossible because of size or weight of item, provide surface-applied protection before 
surface preparation and painting. 

1. After completing painting operations, use workers skilled in the trades involved to reinstall items that 
were removed.  Remove surface-applied protection if any. 

C. Clean substrates of substances that could impair bond of paints, including dust, dirt, oil, grease, and incompatible 
paints and encapsulants. 
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1. Remove incompatible primers and re-prime substrate with compatible primers or apply tie coat as 
required to produce paint systems indicated. 
 

D. Shop-Primed Steel Substrates:  Clean field welds, bolted connections, and abraded areas of shop paint, and 
paint exposed areas with the same material as used for shop priming to comply with SSPC-PA 1 for touching up 
shop-primed surfaces. Touch up abraded surfaces of steel with compatible zinc-rich primers where high 
performance top coats are to be applied  

E. Galvanized-Metal Substrates:  Remove grease and oil residue from galvanized sheet metal fabricated from coil 
stock by mechanical methods to produce clean, lightly etched surfaces that promote adhesion of subsequently 
applied paints. Touch up abraded surfaces of pre-primed metal deck with compatible primers as required. 

3.3 APPLICATION 

A. Apply paints according to manufacturer's written instructions and to recommendations in "MPI Manual." 

1. Use applicators and techniques suited for paint and substrate indicated. 
2. Paint surfaces behind movable equipment and furniture same as similar exposed surfaces.  Before final 

installation, paint surfaces behind permanently fixed equipment or furniture with prime coat only. 
3. Paint front and backsides of access panels, removable or hinged covers, and similar hinged items to 

match exposed surfaces. 
4. Do not paint over labels of independent testing agencies or equipment name, identification, performance 

rating, or nomenclature plates. 
5. Primers specified in painting schedules may be omitted on items that are factory primed or factory 

finished if acceptable to topcoat manufacturers. 

B. Tint each undercoat a lighter shade to facilitate identification of each coat if multiple coats of same material are 
to be applied.  Tint undercoats to match color of topcoat, but provide sufficient difference in shade of undercoats 
to distinguish each separate coat. 

C. If undercoats or other conditions show through topcoat, apply additional coats until cured film has a uniform paint 
finish, color, and appearance. 

D. Apply paints to produce surface films without cloudiness, spotting, holidays, laps, brush marks, roller tracking, 
runs, sags, ropiness, or other surface imperfections.  Cut in sharp lines and color breaks. 

3.4 FIELD QUALITY CONTROL 

A. Dry Film Thickness Testing:  Owner may engage the services of a qualified testing and inspecting agency to 
inspect and test paint for dry film thickness. 

1. Contractor shall touch up and restore painted surfaces damaged by testing. 
2. If test results show that dry film thickness of applied paint does not comply with paint manufacturer's 

written recommendations, Contractor shall pay for testing and apply additional coats as needed to 
provide dry film thickness that complies with paint manufacturer's written recommendations. 

3.5 CLEANING AND PROTECTION 

A. At end of each workday, remove rubbish, empty cans, rags, and other discarded materials from Project site. 

B. After completing paint application, clean spattered surfaces.  Remove spattered paints by washing, scraping, or 
other methods.  Do not scratch or damage adjacent finished surfaces. 
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C. Protect work of other trades against damage from paint application.  Correct damage to work of other trades by 
cleaning, repairing, replacing, and refinishing, as approved by Architect, and leave in an undamaged condition. 

D. At completion of construction activities of other trades, touch up and restore damaged or defaced painted 
surfaces. 

3.6 INTERIOR PAINTING SCHEDULE 

Concrete: Plaster Walls and Ceilings. 

 
Latex Systems: 
A. Eg-Shel / Satin Finish:  High Performance (HP) Upgrade. 

1. 1st Coat:  S-W Loxon Concrete and Masonry Primer Sealer, LX02W50 (8 mils wet, 3.2 
mils dry). 

2. 2nd Coat:  S-W ProMar 200 HP Zero VOC Latex Eg-Shel, B20-1950 Series. 
3. 3rd Coat:  S-W ProMar 200 HP Zero VOC Latex Eg-Shel, B20-1950 Series (4 mils 

wet, 1.7 mils dry per coat). 
 

B. Low Sheen Finish:  High Performance (HP) Upgrade. 
1. 1st Coat:  S-W Loxon Concrete and Masonry Primer Sealer, LX02W50 (8 mils wet, 3.2 

mils dry). 
2. 2nd Coat:  S-W ProMar 200 HP Zero VOC Latex Low Gloss Eg-Shel, B41-1950 

Series. 
3. 3rd Coat:  S-W ProMar 200 HP Zero VOC Latex Low Gloss Eg-Shel, B41-1950 Series 

(4 mils wet, 1.6 mils dry per coat). 

 

 
END OF SECTION 09 91 23 
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01 75 10 ELECTRICAL SYSTEMS COMMISSIONING

PART 1 – GENERAL

1.1 GENERAL

A. The electrical systems commissioning shall include a demonstration by the Contractor that all electrical 
equipment and/or systems, all emergency power equipment, and all lighting controls have been installed, 
configured, and tested in conformance with the project specifications.  The commissioning process shall 
demonstrate that each electrical system component has been properly installed and that the associated 
electrical test data corresponds with the requirements of the contract documents.  The electrical contractor 
(along with any other necessary parties) shall complete a ‘pre-commissioning checkout’ and shall certify in 
writing that all electrical systems and equipment have been verified to be operating in accordance with the 
requirements stated in the contract documents prior to requesting date(s) for the final on-site electrical systems 
commissioning session(s).

B. The Contractor shall schedule an electrical systems pre-commissioning meeting with the Owner’s 
representatives at least four weeks prior to beginning testing and check-out of the electrical systems and 
equipment.  This meeting will be utilized to review and discuss specific testing requirements and/or procedures 
(including any required third-party electrical systems testing) and to discuss the anticipated timeframe(s) for 
conducting the testing and commissioning.

C. Electrical systems commissioning shall be conducted with representatives from the following entities (the 
required participants shall be confirmed with the State Public Works Board electrical engineer prior to 
scheduling the commissioning sessions):

1. General Contractor (with a complete set of plans, specifications, and addenda).
2. Electrical Contractor (with a complete set of electrical equipment operating and maintenance manuals 

and with test instruments as required to perform all  specified testing/verification).
3. Factory-authorized technicians for all major equipment (emergency generators, automatic transfer 

switches, uninterruptible power supplies, lighting controls, fire and/or security systems, etc.).
4. State Public Works Board’s designated representative.
5. Electrical Design Engineer (as necessary).
6. Third party commissioning agent (when applicable).
7. The aforementioned representatives shall be present during all portions of the testing (and re-testing 

as required) and shall be equipped to promptly remedy any deficiencies observed during the 
commissioning process.

8. Should any of the aforementioned requirements not be met on the date that the commissioning 
process commences and/or if deficiencies are observed during the commissioning process the 
commissioning will be considered a failure and the deficiencies will be required to be remedied prior to 
requesting a date for re-commissioning.  There will be no additional costs allowed to the Contractor for 
re-commissioning sessions as may be required to address work that is found to be in non-compliance 
with the requirements of this specification and/or in non-compliance with the remainder of the contract 
documents.

9. The Contractor shall include adequate time periods for all commissioning tasks in the project schedule.  
The necessary time periods shall be carefully reviewed with all of the appropriate subcontractors to 
ensure that the subcontractors are in agreement with the time allotted for each scheduled task.

10. The Contractor shall assist the Owner and/or the third party testing agency by facilitating all required 
tests and inspections such that the Owner and/or testing agency performs testing and verification only.

11. Successful completion of the entire electrical systems commissioning process shall be a condition of 
Substantial Completion.  The building shall be considered ‘ready to utilize for its intended use’ only at 
such time that the entire electrical systems commissioning scope of work is successfully completed 
and accepted by the Owner.
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1.2 EMERGENCY GENERATOR TESTING

A. The Contractor shall provide resistive load bank(s) with associated controls as required to perform the 
specified load tests.  During cold start testing the generator shall reach 90% of rated voltage and frequency 
within 10 seconds.  During recovery testing the generator shall reach 90% of rated voltage and frequency 
within ½ second.  The generated voltage shall not drop below 85% of the rated voltage during any portion of 
the generator load testing (part or full load testing).  See Division 16 specifications for additional generator 
testing requirements.  Minimum load testing shall be as follows:

1. 25%, 50%, and 75% of rated load for 30 minutes each.
2. 100% of rated load for 3 hours.
3. Recovery test in a single step from no load to 100% of rated load. 

B. The voltage, frequency, load current, kW, oil pressure, coolant temperature, and the ambient air temperature 
shall be recorded during 15 minute intervals during the emergency generator test procedures.

C. All tested values shall be in accordance with the generator manufacturer’s published performance data.

1.3 ELECTRICAL SYSTEMS COMMISSIONING CHECKLIST 

A. Verify clearances at all electrical equipment, panelboards, switchboards, and motor control centers.

B. Verify labeling of all equipment, panelboards, switchboards, motor control centers, and wiring.

C. Verify installation of housekeeping pads for all electrical equipment.

D. Verify anchoring of all electrical equipment.

E. Test torquing of wire terminations and bussing.

F. Verify all fuse ratings, all circuit breaker ratings, and all thermal overload protection settings.

G. Verify that conductor color coding is in compliance with specifications and applicable codes.

H. Test automatic lighting controls (and any associated software/programming).

I. Test polarity and function of all receptacles.

J. Test location and function of all GFCI’s and other safety devices.

K. Verify implementation of short circuit and/or coordination studies.

L. Test operation of emergency generator and automatic transfer switch.

M. Test operation of uninterruptible power supply.

N. Test operation of fire alarm system, emergency egress, and emergency exit lighting systems. This testing or 
verification process is typically conducted by state and/or local fire authorities.
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Note:  This checklist is intended to serve only as a guide to typical items that require verification on each 
project.  The actual checklist for each project (typically distributed for review and confirmation at the pre-
commissioning meeting) will be expanded as deemed necessary to appropriately test all of the functions and 
features of the specified electrical systems on each particular project.

END OF SECTION 01 75 10
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26 00 01 ELECTRICAL GENERAL PROVISIONS

PART 1 – GENERAL 

1.1 RELATED DOCUMENTS 

A. The Drawings and General provisions of the Contract including the "General Conditions", "Supplementary Conditions", 
and "General Requirements" of the Contract as written and referred to here are adopted and made part of Division 26.

B. The Contract Agreement, Bidding documents, and all Addenda issued prior to Contract Agreement execution form a 
part of these specifications and apply to all Contracts or Subcontracts relating to the electrical systems. 

1.2 SUMMARY 

A. The work under this Division shall consist of all labor, materials, equipment, services and related accessories, etc., 
necessary and required to complete all work as shown or inferred on the Drawings and in the Specifications (Contract 
Documents). 

B. Provide fixed electrical equipment, except where specifically noted otherwise. 

C. Provide portable electrical equipment for the complete system(s). 

D. Provide equipment and/or wiring normally furnished or required for complete electrical systems but not specifically 
specified on the drawings and/or in specifications, as though specified by both. 

E. All equipment and wiring shall be new, except where specifically shown or specified otherwise.

F. Provide flexible electrical conduit and conductors having a slack, 90-degree bend or loop in any plane between 
connections at all vibration isolated equipment and the first attachment to building structure or cabinets, panels or boxes 
mounted thereon.

1.3 WORK INCLUDED IN THIS DIVISION 

A. Electrical work includes, but is not limited to:

1. Arranging and coordinating with Owner owned utility services required as shown or specified. 
2. Removal or relocation of electrical services and electrical work located on or crossing through project property, 

above or below grade, obstructing construction of project or conflicting with completed project or any applicable 
code. 

3. Alterations and additions to existing electrical systems. 
4. Provide meters, switchboards, panelboards, circuit breakers, power outlets, convenience outlets, switches, 

and/or other equipment forming part of system. 
5. Complete lighting system.
6. Complete communication system.
7. Conduit system for Audio/Visual system.
8. Connection of all appliances and equipment including Owner furnished equipment. 
9. Complete grounding system. 
10. Complete temporary facilities for construction power. 
11.Complete fire alarm system. 
12.Complete Uninterrupted Power System (UPS).
13.Complete diesel generator with stepped load bank and ATS system.
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1.4 WORK NOT INCLUDED IN THIS DIVISION (REFER TO OTHER DIVISIONS OF THESE SPECIFICATIONS) 

A. Flashing of conduits into roofs and outside walls. Inform General Contractor of number and size of roof penetrations 
prior to bidding.

B. Furring of building structure or finishes for conduit and equipment.

C. Finish painting of conduit and equipment except for factory applied prime or finish painting specified for equipment, 
fixtures, devices or materials furnished under this section.

D. Installation of motors except where specifically noted. See Division 23.

E. Control wiring for mechanical systems, except where specifically indicated to be provided by Electrical Contractor. See 
Division 23.

1.5 RELATED WORK SPECIFIED ELSEWHERE 

A. Classification of Excavation: Division 02 – Site work. 

B. Concrete Work: Division 03.

C. Painting: Division 09. 

D. Firestopping: Division 07.

1.6 REFERENCES

NEC: National Electrical Code (latest edition adopted by local authorities unless otherwise 
noted).

NFPA: National Fire Protection Association.

OSHA: Occupational Safety and Health Administration.

UL: Underwriters Laboratories, Inc.

NEMA: National Electrical Manufacturer’s Association.

IEEE: Institute of Electrical and Electronic Engineers.

ACI: American Concrete Institute.

ADA: American Disabilities Act.

ANSI: American National Standards Institutes.

ASTM: American Society for Testing Materials.

AWS: American Welding Society.

FM: Factory Mutual Insurance Association.

IBC: International Building Code

IES: Illumination Engineering Society.

ISA: Instrument Society of America.

LPI Lightning Protection Institute.

NACE: National Association of Corrosion Engineers.

NETA: International Electrical Testing Association.

UL: Underwriters Laboratories.

NECA: National Electrical Contractors Association

NETA: National Electrical Testing Association.

1.7 ADOPTED CODES 

A. 2019 California Building Code Volumes 1 & 2

B. 2019 California Mechanical Code
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C. 2019 California Plumbing Code

D. 2019 California Electrical Code

E. 2019 California Existing Buildings Code

F. 2019 California Fire Code

G. 2019 California Energy Code

H. 2019 California Green Building Standards Code

I. The most current edition of the Americans with Disabilities Act (ADA) published by the United States Department of 
Justice including the Americans with Disabilities Act Accessibility Guidelines (ADAAG)

J. Underwriters Laboratories (UL).

K. National Electrical Manufacturer’s Association (NEMA).

L. Placer County Water Agency (PCWA)

I. Other codes, regulations, and standards referenced in the body of this document.

1.8 DEFINITIONS

Provide: Furnish, install, connect and test until complete.

Wire: Furnish all necessary wiring, connect and test until complete.

Install: Furnish, set in place, wire and test until complete.

Work: Materials completely installed, connected, and tested until complete.

AWG: American Wire Gage.

Equal: Acceptable equal as determined by the Engineer.

1.9 REQUIREMENTS OF REGULATORY AGENCIES 

A. Obtain and pay for all permits and inspections required for the work. Comply with all ordinances pertaining to work 
described herein. Pay all expenses arising from the procurement of these certificates and include in the base Contract 
Price.

B. Install work under this Division per drawings, specifications, latest adopted edition of the National Electrical Code, 
(NFPA-70) including local amendments and interpretations, Local adopted Building Codes, and any special codes 
having jurisdiction over specific portions of work within complete installation. In event of conflict, install work per most 
stringent code requirements determined by Engineer. This does not relieve the Contractor from furnishing and installing 
work shown or specified which may exceed the requirements of such ordinances, laws, regulations and codes.

C. All materials, products, devices, fixtures, forms or types of construction included in this project shall meet or exceed the 
published requirements of National Electrical Code (NEC), American National Standards Institute (ANSI), Institute of 
Electrical and Electronics Engineers (IEEE) and National Electrical Manufacturers Associations (NEMA). All equipment 
shall bear the Underwriter’s Laboratories (UL) label or equivalent from approved independent testing laboratory. 

D. Arrange, pay fees for and complete work to pass required tests by agencies having authority over work. Deliver to 
Engineer copies of the Certificates of Inspection and approval issued by authorities and provide original copy of each 
certificate to Owner. 
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E. When required by law or regulations, the governmental agency having jurisdiction for inspections shall be given 
reasonable notice and opportunity to inspect the work. Any work that is enclosed or covered up before such inspection 
and test shall be uncovered at the Contractor’s expense; after it has been inspected, the Contractor shall restore the 
work to its original condition at his own expense.

1.10 INSURANCE

A. The Contractor shall procure and maintain, at his expense, such insurance as required by law and/or specified in the 
General Conditions.

1.11 DRAWINGS AND SPECIFICATIONS 

A.   Drawings and specifications are complementary. Work called for by one is binding as if called for by both. Any 
discrepancies between drawings and specifications shall be brought to the attention of the Engineer for clarification 
during the bidding period. No allowance shall subsequently be made to the Contractor by reason of his failure to have 
brought said discrepancies to the attention of the Consultant during the bidding period or by reason of any error on the 
Contractor’s part.

B.  Drawings are schematic and diagrammatic in nature. Drawings show general run of circuits and approximate location of 
equipment. The contractor shall review drawings of all trades to assure coordination prior to placement of work. Right is 
reserved to change location of equipment and devices, and routing of conduits within 10 feet, without extra cost to 
Owner (prior to rough-in).

C.  Use dimensions in figures, shop drawings, etc. and actual site measurements in preference to scaled dimensions. Do 
not scale drawings for exact sizes or locations – use dimensioned details or actual field conditions. Verify item mounting 
heights as required by project conditions prior to rough-in.

D.  The architectural drawings shall take precedence over all other drawings in matters of dimensions. Discrepancies 
between different drawings or between drawings and specifications, or regulations and codes governing the installation 
shall be brought to the attention of the Engineer in writing for determination. 

E.   Layout equipment as shown on drawings as close as possible. Verify access requirements for equipment actually 
furnished, and adjust layout to comply with NEC 110. Right is reserved to change layout within 10 feet without additional 
cost (prior to rough-in).

F.   All devices, light fixtures, etc. located in ceiling tiles shall be located in the center of the ceiling tile UNLESS specifically 
noted or approved to do otherwise.

G. The Contractor is responsible to field measure and confirm the mounting heights and location of electrical equipment 
with respect to counters, doorways, and other architectural, mechanical or structural work. Do not scale distances off 
the electrical drawings: Use actual building dimensions. 

H. Execution of Contract is evidence that Contractor has examined all existing conditions, drawings and specifications 
related to work, and is informed to extent and character of work. Later claims for labor and materials required due to 
difficulties encountered, which could have been foreseen had examination been made, will not be recognized. 

I. All work called for in this Section of the plans and specifications shall be performed under this Section, regardless of 
whether such work may also have been called for in other Section(s). Discrepancies in or conflicts among the various 
parts of the contract drawings shall not relieve Contractor of his obligation to perform. 

J. No attempt has been made to establish the required sections or splits of equipment relative to the size of access into 
the space, building, etc. Contractor shall establish all said splits, sections, etc. necessary to install equipment complete 
without undue disassembly of equipment or demolition of building parts at site of work.
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K. Charges for extra work are not allowed unless work is authorized by written order from the Owner’s Representative 
approving charges for work. 

L. Check all door swings so light switches are not located behind doors. Relocate switches as required with the Engineer’s 
review.

M. Elevators: The location of switches, GFCI receptacles, lights, telephone outlets, disconnect switches, fire alarm devices, 
etc., in elevator pits, shafts, equipment rooms shall be located as required by the Elevator Shop Drawings and 
applicable codes. Coordinate size and type of all electrical devices with Elevator Contractor prior to purchase of 
equipment. 

1.12   SEISMIC QUALIFICATIONS & REQUIREMENTS

A. Equipment Seismic Qualification
Major equipment and components shall be suitable for and certified to meet all applicable seismic requirements of the 
California Building Code (CBC) through zone 4 application. Guidelines for the installation consistent with these 
requirements shall be provided by the manufacturer and be based upon testing of representative equipment. The test 
response spectrum shall be based upon a 5% minimum damping factor, CBC: a peak of 2.15g’s and a ZPA of 0.86g’s 
applied at the base of the equipment. The tests shall fully envelop this response spectrum for all equipment natural 
frequencies up to at least 35 Hz.

B. Structural Design Requirements

1. Include in the bid, hiring of a structural engineer, registered in the state of Nevada, to provide calculations and 
details for equipment pads and mounting and bracing of all major equipment. Attach equipment according to 
those calculations.

2. Major equipment and components include:
a) Conduit racks and supports.
b) Transformers.
c) Panelboards.
d) Service and Distribution switchboards.

3. Equipment anchoring and bracing shall be designed to conform to IBC 2018 and NRS 341.143.

C. See Spec Section 26 05 30 Seismic Protection for Electrical Equipment.   

PART 2 - PRODUCTS

2.1 MATERIALS

A. All material shall be new, and have a UL label where available. If UL label is not available, material shall be 
manufactured in accordance with applicable NEMA, IEEE and Federal Standards. Use UL labeled components in 
assemblies that do not have overall UL label. All equipment shall comply with the terms “listed and labeled” as defined 
in the NEC 70, Article 100. Submit letter stating compliance with these requirements.

B. Utilize one of the manufacturers listed to furnish all of the major equipment (i.e., transformers, bus duct, switchgear, 
circuit breakers, etc.) required for this project.

C. Basis-of-Design Products: Where Specifications name a product, or refer to a product indicated on Drawings, and 
include a manufacturer or list of manufacturers, provide the specified or indicated product or a comparable product by 
one of the other named manufacturers. Drawings and Specifications indicate sizes, profiles, dimensions, and other 
characteristics that are based on the product named. Comply with requirements in "Comparable Products" Article for 
consideration of an unnamed product by one of the other named manufacturers or a comparable substitution.
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2.2 COMPARABLE PRODUCTS 

A. Conditions for Consideration: Engineer will consider Contractor's request for comparable product when the following 
conditions are satisfied. If the following conditions are not satisfied, Engineer may return requests without action, except 
to record noncompliance with these requirements:
1. Evidence that the proposed product does not require revisions to the Contract Documents, that it is consistent 

with the Contract Documents and will produce the indicated results, and that it is compatible with other portions 
of the Work.

2. Detailed comparison of significant qualities of proposed product with those named in the Specifications. 
Significant qualities include attributes such as performance, weight, size, durability, visual effect, and specific 
features and requirements indicated.

3. Evidence that proposed product provides specified warranty.
4. List of similar installations for completed projects with project names and addresses and names and addresses 

of engineers and owners, if requested.
5. Samples, if requested.

PART 3 - EXECUTION

3.1 VISIT TO SITE 

A. Visit site, and survey existing conditions affecting work prior to bid. Include necessary materials and labor to accomplish 
the electrical work, including relocation of existing services and utilities on building site in bid. No consideration shall be 
given to future claims due to existing conditions. Any discrepancies or interference’s shall be reported immediately to 
the Engineer.

3.2 WORKMANSHIP

A. All work performed shall be first class work in every aspect. The work shall be performed by mechanics skilled in their 
respective trades, who shall at all times be under the supervision of competent persons. All work shall be installed to 
comply with NECA’s “Standard of Installation.”

B. Work under this Division shall be first class with emphasis on neatness and workmanship. All work shall be installed 
square and plumb and concealed where possible. Work that is deficient, defective, poorly laid out, not perfectly aligned, 
or that is not consistent with the requirements generally accepted in the trade for “first class work” will not be 
acceptable.

C. In addition to the materials specified elsewhere, furnish and install all other miscellaneous items necessary for the 
completion of the work to the extent that all systems are complete and operative.

D. All work under this Section shall be performed in cooperation with the work performed under all other Sections of the 
Specifications for the Project in order to avoid interference with other work and to secure the proper installation of all 
work. Refer the Drawings and Specifications covering the work to be performed under all Sections, so that the relation 
and extent of the work of this Section with respect to the work of all other Sections is understood. Give right of way to 
raceways and piping systems installed at a required slope.

E. Install work using competent mechanics, under supervision of foreman, all duly certified by local authorities. The 
installation shall be subject to the Engineer’s observation, and final acceptance. The Engineer may reject unsuitable 
work.

F. Conduit systems must be complete prior to installation of wiring.

3.3 CHANGE ORDERS

A. Additional work may be required on the project which is outside the scope of the contract. Such additional work will be 
described in Supplemental Instructions and/or Clarifications, to be estimated and priced by the Contractor, and 
accepted by the Owner, prior to commencing work. Proposals shall include a list of quantities of all material being used 
with unit costs broken down into material and labor costs per unit.
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B. Material costs and labor units shall not exceed the latest edition of RS Means Electrical Cost Data.
     

C. See the General Conditions of the Specifications for acceptable charges. 

3.4 GUARANTEE

A. Furnish the Owner a written guarantee, stating that if workmanship and/or material executed under this Division is 
proven defective within one (1) year after final acceptance by the Owner, such defects and other work damaged will be 
repaired and/or replaced. Submit with Operations and Maintenance Manuals.

B. Obtain from the various manufacturers or vendors guarantees or warranties for their particular equipment or 
components, and deliver them to the Owner. All guarantees and warranties provided shall be referenced to this project.

C. In event that systems are placed in operation in several phases at the Owner’s request, guarantee will begin on date 
each system or item of equipment is accepted for service by the Owner. Provide O&M manuals for all equipment when 
equipment is accepted for service by the Owner.

D. All guarantees and warranties shall include labor and material at the site of installation for the duration of the guarantee 
period.

3.5 OBSERVATIONS OF WORK AND DEMONSTRATION OF OPERATION (ACCEPTANCE)

A. At all observations of work, open panel covers, junction box covers, pull box covers, device covers, and other 
equipment with removable plates for observation. Provide sufficient personnel to expedite cover removal and 
replacement. 

B. Contractor to demonstrate operation of new equipment and/or systems to satisfaction of Owner/Engineer. Contractor to 
have manufacturer available for demonstration of equipment and/or systems where requested by Owner/Engineer. 
Furnish affidavit signed by Owner’s representative indicating that demonstration of operation has been performed. 

3.6 COOPERATION AND COORDINATION

A. Carefully coordinate work with other contractors and subcontractors. Refer conflicts between trades to Engineer. 
Provide necessary information to other trades for such coordination. Such information shall include Shop Drawings, 

Product Data and all other required data. There shall be no additional cost to the owner for any post-bid changes 

made to the electrical design and/or construction that are generated by changes to the basis-of-design 

equipment of any discipline. This includes changes made by substituted, alternate or comparable products 

regardless of manufacturer.

B. Provide a system erection/coordination drawing showing electrical, HVAC, plumbing and architectural for 

installation in congested areas. Drawings shall be in plan view for work above the ceilings and also sections 

shall be provided showing the elevations of conduit racks and routing and the coordination with mechanical 

piping and ductwork.

C. Whenever such information is not provided in a timely manner or whenever such information is incorrect, this contractor 
shall bear all costs for providing or correcting affected work of related trades with no change to the Contract Price or 
Construction Schedule.

D. Work to be installed as progress of project will allow. Schedule of work determined by General Contractor, Owner, 
and/or Architect/Engineer. 



Dangberg Home Ranch 
Restoration Projects

ELECTRICAL GENERAL PROVISIONS 26 00 01 - 8

3.7 COORDINATION OF UTILITY SERVICES 

A. Drawings indicate proposed service layouts. The Contractor shall provide all concrete structures, pullboxes, vaults, 
trenching, raceways, protective bollards, etc., as required per PG&E standards, even though the distribution system is 
owned by Placer County Water Agency (PCWA). 

3.8 HVAC CONTROL WIRING 

A. Control Wiring including low voltage and line voltage interlock wiring will be furnished and installed under Division 23, 
except where specifically shown otherwise. Carefully coordinate power and control wiring interface. 

B. This Contractor shall obtain from Division 23 all wiring diagrams associated with the HVAC work and furnish 

all power and 120V control wiring, disconnects and starters for equipment not already packaged with these 

items. All wiring and conduit associated with the HVAC Temperature Control System is included under Division 

23. Wiring and conduit shall comply with Division 26. All electrical work associated with the HVAC system shall 

be done under the supervision of Division 23.

3.9 STARTERS 

A. Separately mounted starters are furnished and installed under Division 26 unless specifically shown otherwise. All 
power wiring, fuses, thermal overloads, and disconnect switches and connection of all motors is under this division. 
Provide the proper feeders and connections as recommended by the manufacturer of the equipment. See Spec Section 
26 29 13 Enclosed Controllers.

3.10  PROTECTING 

A. Provide warning lights, bracing, shoring, rails, guards and covers necessary to prevent damage or injury. All persons 
working around electrical equipment shall have electrical shock and flash protection per OSHA 1910.301-309 & 331-
335.

B. Do not leave exposed or unprotected, electrical items carrying current. Protect visitors and workers from exposure to 
contact with electrically energized surfaces, parts, etc. in accordance with OSHA standards. 

3.11 DELIVERY, STORAGE AND HANDLING

A. Deliver equipment and materials to job site in original, unopened, labeled container. Products shall be properly identified 
with names, model numbers, types, grades, compliance labels and other information needed for identification. Store to 
prevent damage and injury. Store materials to prevent corroding. Store finished materials and equipment to prevent 
staining and discoloring. Store materials affected by condensation in warm dry areas. Provide heaters. Contractor shall 
verify the availability of on site storage space, if no on site storage space is available then the contractor shall cover the 
cost for off site storage. Materials stored at the project site that becomes soiled with construction dirt, concrete, or 
moisture shall be removed from the site and replaced with new. Do not install soiled material.

B. Protect work and materials from damage by weather, entrance of water or dirt. Cap and mark conduit during installation.

C. Avoid damage to materials and equipment in place. Repair, or remove and replace damaged work and materials.

D. Protection and safekeeping of products stored on premises is responsibility of Contractor supplying products.

E. Schedule of deliveries and unloading to prevent traffic congestion blocking of access or interference with work. Arrange 
deliveries to avoid larger accumulations of materials than can be suitably stored at site.
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F. Install equipment per manufacturer's recommendations. Conflicts between contract documents and these 
recommendations shall be referred to Engineer for remedy.

G. Electrical or electronic equipment that has been damaged, exposed to weather or is, in the opinion of the Engineer or 
Architect, otherwise unsuitable because of improper fabrication, storage or installation shall be removed and replaced 
by this Contractor at his expense. 

3.12 ANCHORS 

A. Provide anchors for all equipment, raceways, hangers, etc. to safely support weight of item involved plus 100% for dead 
loads. Live loads shall be considered in addition to dead loads.

B. Anchors to consist of expansion type devices similar to "Redhead" or lead expansion anchors. Plastic anchors are not 
acceptable.

C. Use preset anchor steel inserts in concrete slabs. Provide preset anchor size and type for anticipated or specified 
rod/bolt size and live/dead load.

3.13 CLEANING AND PAINTING 

A. Clean equipment furnished in this Division after completion of work. Clean wipe the interior of all conduit, pullboxes, 
junction boxes, outlet boxes, and panelboard backboxes, soiled with dirt and debris prior to installation of wiring.

B. Touch-up or re-paint damaged painted finishes as determined by the Engineer. 

C. Remove debris, packing cartons, scrap, etc., from site daily. 

3.14 SPARE PARTS

A. Where spare parts are specified in the Technical Sections, furnish spare parts to Owner with itemized receipt. 
Contractor is responsible to deliver parts and have receipt signed by Owner's representative. Turn over receipt with as-
built documents.

3.15 HOUSEKEEPING PADS

A. Furnish 2500 # concrete pads, 4” high (interior locations) or 6” high (exterior locations) unless otherwise noted, for all 
freestanding equipment, i.e.: switchboards, panels, control panels, motor control centers, transformers, etc. Pads shall 

have 1" x 45 chamfered edges, and shall extend 2” to 4" beyond equipment mountings.

3.16 TRAINING

A. Training for operation and maintenance of new systems or modifications to existing systems is specified in Technical 
sections. Contractor shall submit with record documents an itemized receipt signed by Owner’s representative that all 
specified training has been received.

3.17 ACCESS PANELS

A. The contractor shall furnish all access panels for walls, partitions, etc., and shall give access panel to the General 
Contractor for installation at locations as directed by the Electrical Contractor. It shall be the responsibility of the 
Electrical Contractor that access panels are provided for access to all boxes, bus joints, 
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equipment, etc., which may be concealed by building construction to comply with the NEC and NFPA. Access panels 
shall be installed so as not to interfere with lighting arrangements.

END OF SECTION 26 00 01
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26 00 02  ELECTRICAL SUBMITTALS

PART 1 - GENERAL 

1.1 DESCRIPTION OF SUBMITTAL CATEGORIES 

A. The required submittals are defined below and specified in each section. 

1. Requests for substitutions are written requests to use materials, equipment, etc., different from that 
specified.

2. Shop Drawings include fabrication, layout, wiring diagrams, erection, setting, coordination, drawings 
and diagrams and performance data. 

3. Samples are units of work, materials or equipment items, showing the workmanship, pattern, trim and 
similar qualities proposed. 

4. Manufacturer's Data is standard printed product information concerning the standard portions of the 
manufacturer's products. 

5. Certifications are written statements, executed specifically for the project application by an authorized 
officer of the contracting firm, manufacturer, or other firm as designated, certifying to compliance with 
the specified requirements. 

6. Test Reports are specific reports prepared by independent testing laboratories, showing the results of 
specified testing. 

7. Industry Standards are printed copies of the current standards in the industry. 
8. Manufacturer's Product Warranties are manufacturer's standard printed commitment in reference to a 

specific product and normal application, stating that certain acts of restitution will be performed by the 
manufacturer if the product fails under certain conditions and times limits. 

9. Operating Instructions are the written instructions by the manufacturer, fabricator or installer of 
equipment or systems, detailing the procedures to be followed by the Owner’s in operation, control and 
shut-down. 

10. Maintenance Manuals are the compiled information provided for the Owner’s maintenance of each 
system of operating equipment. 

11. Maintenance Materials (spare parts) are extra stock of parts or materials for the Owner's initial use in 
maintaining the equipment and systems in operation. 

12. Record Drawings are accurate representations of the installed systems and wiring as recorded on a 
daily “as-installed” basis.

13. Guarantees are signed commitments to the Owner that certain acts of restitution will be performed if 
certain portions of work fail within certain conditions and time limits. 

14. Product Data includes manufacturer's data pertaining to the products, materials and equipment of the 
work. 

15. Method of Procedures are detailed sequences of work required during interruption of service and/or 
connection to energized parts of systems requiring special sequences or protections.

16. Training – Materials and sign-off of completion.
17. Identification nomenclature – See section 26 05 53.

PART 2 - PRODUCTS

2.1 PROPOSED MATERIAL MANUFACTURERS

A. Submit to Consultant within 30 days after award of contract a complete list of proposed material manufacturers.  
List does not preclude submission of shop drawings.  Acceptance of manufacturer on list does not constitute 
acceptance of specific material or equipment.  If shop drawings are submitted with non approved substitutions, 
the contractor will pay the expense incurred by the consultant to review the shop drawings of any re-submittal.
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PART 3 - EXECUTION

3.1 SUBSTITUTIONS

A. See General Conditions of the specifications for information regarding substitutions.  Specified catalog 
numbers are used for description of equipment and standard of quality only.  Equivalent material will be given 
consideration only if adequate comparison data including samples if requested by Engineer are provided.  
Alternate products shall meet or exceed design criteria.

3.2 SUBMITTAL FORM AND PROCEDURES 

A. Shop and Erection Drawings
 

1. Submit shop drawings for material and equipment furnished under Division 26 of specifications, to 
Consultant for review within 30 days after award of contract. Shop drawings shall be submitted on 
timely basis to allow adequate lead time for review, re-submission if necessary, manufacture and 
delivery to allow access of material to project at correct time based on schedule established by 
Consultant/Contractor. Provide index with thumb tabs collated with Table of Contents for sections.  
Include complete descriptive data with dimensions, operating data and weight for each item of 
equipment. Carefully examine shop drawings to assure compliance with drawings and specifications 

prior to submittal to Consultant. Shop drawings and submittals shall bear the stamp of approval of 

the Electrical Contractor as evidence that they have checked the drawings. Drawing submitted 
without this stamp of approval will not be considered and will be returned for proper re-submission. All 
shop drawings shall be submitted as a single one time complete package. Partial packages shall not 
be reviewed.

2. Submit electronic copies.
3. Clearly mark each shop drawing item to correspond to drawings and specifications.  Any drawings not 

clearly marked will be rejected.
4. Review of shop drawings does not relieve Contractor of responsibility for errors and omissions in shop 

drawings. Contractor is responsible for dimensions and sizes of equipment. Inform Engineer in writing 
of equipment differing from that specified.

B. "Record" Drawings

1.      One complete set of prints will be furnished to the Contractor to indicate actual location of conduit 
systems, outlets, and equipment.  Keep set of prints on job and record day to day changes to Contract 
drawings with red pencil.  Provide “Record" drawings as specified in the General Conditions or Division 
01 of the specifications at the completion of job.

C. Maintenance Materials

1. Submit a list of all warranties and guarantees.
2. Submit with final close out documents a signed receipt for all maintenance materials (spare parts) 

specified.  See Technical Sections for required materials. 

D. Product Warranties and Guarantees

1. Submit fully executed Product Warranties and Contractor Guarantees to the Owner with final close out 
documents.

E. Maintenance Manuals

1. Submit to Consultant digital sets of data prepared by manufacturer for each item and/or device of 
electrical equipment furnished in this contract completely describing and identifying equipment.  Data to 
include serial numbers, catalog/model numbers, parts lists, description of operation, final shop 
drawings, wiring diagrams, all electrical ratings, set-up and maintenance procedures and other 
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literature required for maintenance of equipment. See Technical Sections for other required 
information.

F. Summary of Project Closeout Items for Owner

1. Certificates of inspection and approval from authorities having jurisdiction.
2. Executed Guarantees and Product Warranties.
3. “Record” drawings.
4. Final shop drawings.
5. Final Erection drawings.
6. Receipt for maintenance materials (spare parts).
7. Maintenance manuals.
8. Receipt for keys.
9. Completed test reports.
10. Signed off observation and punch lists.
11. Lien waivers. 

3.3 SPECIFIC SUBMITTAL REQUIREMENTS 

A. Shop Drawings shall include, but not be limited to the following:
 

1. Shall be drawn to accurate scale except where diagrammatic representations are specifically indicated. 
2. Shall show clearance dimensions of critical locations and show dimensions of spaces required for 

operation and maintenance of equipment. 
3. Shall show conduit and conductor connections and other service connections. 
4. Shall show interfaces with other work including structural support. 
5. Shall include complete descriptive data, with dimensions, operating data and weight. 
6. Shall indicate deviation from the contract documents. 
7. Shall explain deviations. 
8. Shall show short circuit current ratings for all electrical equipment.
9. Shall show how deviations coordinate with portions of the work, currently or previously submitted. 

B. Review of shop drawings shall not relieve Contractor of responsibility for errors or omissions in shop drawings. 
Any equipment that will not fit into space shown on drawings shall be called to the attention of the Engineer in 
writing. 

C. Samples: Submit samples where requested by Architect or Engineer. Engineer’s  review of sample submittals

1. Shall be limited to general type, pattern and finish. 
2. Shall not include testing and inspection of the submitted samples. 
3. Shall not indicate complete compliance with specified requirements.  Complete compliance with 

specifications is the exclusive responsibility of the Contractor. 

D. Manufacturer's Data

1. Where pre-printed data covers more than one distinct item, mark copy to clearly indicate which item is 
to be provided. 

2. Contractor shall delete portions of data not applicable. 
3. Contractor shall mark data showing portion of operating range required for project application. 
4. Elaboration of standard data describing a non-standard product shall be processed as a shop drawing. 
5. For each product Contractor shall include the following information summarized into a single sheet 

document for each product
a) Manufacturer's production specifications including catalog/model number.
b) Manufacturer’s Serial Number. 
c) Installation or fabrication instructions. 
d) Source of supply. 
e) Sizes, weights, speeds and operating capacities. 
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f) All electrical ratings, including temperature rating of terminals.
g) Conduit and wire connection sizes and locations. 
h) All thermal ratings.
i) Statements of compliance with required standard and governing regulations. 
j) Cooling requirements and makeup and/or ventilating air requirements.
k) Performance data, where applicable. 
l) All sound ratings.
m) Other information needed to confirm compliance. 
n) Manufacturers recommended parts list. 
o) Other information required by Technical Sections.

E. Source Codes:  Provide Source Code in both electronic and paper format and Source Code Licenses for all 
equipment that is computer driven. Provide Development licenses so Source Code can be examined, modified, 
and maintained.  These Development Licenses, along with all software licenses shall become property of the 
Owner.  At the discretion of the owner, third parties will be allowed to use the software as necessary, for the life 
of the work in this project.  No encryption or other obfuscation will be allowed.  

F. Certifications: Contractor shall submit with notarized execution. 

G. Test Reports: Submit notarized test reports signed and dated by firm performing test. 

H. Manufacturer's Product Warranties: Contractor shall submit product warranties in accordance with the technical 
sections.  Where published warranty includes deviation from required warranty, product is disqualified from use 
on project, unless manufacturer issues a specific project warranty. 

I. Operating Instructions required

1. Submit manufacturer's operating instructions for each item of electrical equipment. 
2. Submit supplement with additional project application instructions where necessary. 
3. Submit specific operating instructions for each electrical system that involves multiple items of 

equipment. 
4. Submit instructions for charging, start-up, control or sequencing of operation, phase or seasonal 

variations, shut-down, safety and similar operations. 
5. All operating instructions shall be typewritten in completely explained and easily understood English 

language. 

J. Maintenance Manual Requirements

1. Provide emergency instructions including addresses and telephone numbers for service sources. 
2. Provide regular system maintenance procedures. 
3. Indicate proper use of tools and accessories. 
4. Provide wiring and control diagram for each system. 
5. Provide manufacturer's data for each operational item in each system. 

6. Provide source code submittal for all software controlled equipment.
7. Provide manufacturer's product warranties, and guarantee relating to the system and equipment items 

in the system. 
8. Provide Final Shop and Erection drawings relating to the system. 
9. Bind each operating and maintenance manual in one or more vinyl-covered, 2” 3-ring binders, plus 

pocket-folders for folded drawings.  Index with thumb tab collated with Table of Contents for sections.  
Mark the back spine and front cover of each binder with system identification and volume number.

K. Maintenance Materials: Deliver all materials to the Owner in fully identified containers or packages suitable for 
storage.  Obtain receipt for all delivered materials signed by the Owner’s Representative.

L. Guarantees: Where indicated as "Certified", provide guarantee which, in addition to execution by an authorized 
officer of each guarantor, is attested to by the Secretary of each guarantor and bears the corporate seal. 
Submit draft of each guarantee prior to execution. 
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26 05 03  EQUIPMENT WIRING CONNECTIONS

PART 1 - GENERAL

1.1 SUMMARY

A. Section includes electrical connections to equipment.

B. Related Sections:

1. Section 26 05 19 - Low-Voltage Electrical Power Conductors and Cables.
2. Section 26 05 33 - Raceway and Boxes for Electrical Systems.

1.2 REFERENCES

A. National Electrical Manufacturers Association:

1. NEMA WD 1 - General Requirements for Wiring Devices.
2. NEMA WD 6 - Wiring Devices-Dimensional Requirements.

1.3 SUBMITTALS

A. General Conditions:  Submittal procedures.

B. Product Data: Submit wiring device manufacturer’s catalog information showing dimensions, configurations, 
and construction.

C. Manufacturer's installation instructions.

1.4 CLOSEOUT SUBMITTALS

A. General Conditions:  Submittal procedures.

B. Project Record Documents: Record actual locations, sizes, and configurations of equipment connections.

1.5 COORDINATION

A. General Conditions:  Coordination and project conditions.

B. Obtain and review shop drawings, product data, manufacturer’s wiring diagrams, and manufacturer's 
instructions for equipment furnished under other sections.

C. Determine connection locations and requirements.

D. Sequence rough-in of electrical connections to coordinate with installation of equipment.

E. Sequence electrical connections to coordinate with start-up of equipment.
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PART 2 - PRODUCTS

2.1 CORD AND PLUGS

A. Attachment Plug Construction: Conform to NEMA WD 1.

B. Configuration: NEMA WD 6; match receptacle configuration at outlet furnished for equipment.

C. Cord Construction: Type SO multiconductor flexible cord with identified equipment grounding conductor, 
suitable for use in damp locations.

D. Size: Suitable for connected load of equipment, length of cord, and rating of branch circuit overcurrent 
protection.

PART 3 - EXECUTION

3.1 EXAMINATION

A. General Conditions:  Coordination and project conditions.

B. Verify equipment is ready for electrical connection, for wiring, and to be energized.

3.2 INSTALLATION

A. Make electrical connections.

B. Make conduit connections to equipment using flexible conduit. Use liquidtight flexible conduit with watertight 
connectors in damp or wet locations and to motors. 

C. Connect heat producing equipment using wire and cable with insulation suitable for temperatures 
encountered.

D. Install receptacle outlet to accommodate connection with attachment plug.

E. Install cord and cap for field-supplied attachment plug.

F. Install suitable strain-relief clamps and fittings for cord connections at outlet boxes and equipment connection 
boxes.

G. Install disconnect switches, controllers, control stations, and control devices to complete equipment wiring 
requirements.

H. Install terminal block jumpers to complete equipment wiring requirements.

I. Install interconnecting conduit and wiring between devices and equipment to complete equipment wiring 
requirements.

3.3 ADJUSTING

A. General Conditions:  Testing, adjusting, and balancing.
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B. Cooperate with utilization equipment installers and field service personnel during checkout and starting of 
equipment to allow testing and balancing and other startup operations. Provide personnel to operate electrical 
system and checkout wiring connection components and configurations.

END OF SECTION 26 05 03
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26 05 19  LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES

PART 1  - GENERAL

1.1 SUMMARY

A. Section includes building wire and cable and wiring connectors and connections.

B. Related Sections:

1. Section 26 05 53 - Identification for Electrical Systems: Product requirements for wire identification.
2. Section 31 23 17 - Trenching: Execution requirements for trenching required by this section.
3. Section 31 23 23 - Fill: Requirements for backfill to be placed by this section.

1.2 REFERENCES

A. International Electrical Testing Association:

1. NETA ATS - Acceptance Testing Specifications for Electrical Power Distribution Equipment and 
Systems.

B. National Fire Protection Association:

1. NFPA 70 - National Electrical Code.
2. NFPA 262 - Standard Method of Test for Flame Travel and Smoke of Wires and Cables for Use in Air-

Handling Spaces.

C. Underwriters Laboratories, Inc.:

1. UL 1277 - Standard for Safety for Electrical Power and Control Tray Cables with Optional Optical-Fiber 

Members.

1.3 SYSTEM DESCRIPTION

A. Product Requirements: Provide products as follows:

1. Solid conductor for feeders and branch circuits 12 AWG and smaller.
2. Stranded conductors for feeders and branch circuits 10 AWG and larger. 
3. Stranded conductors for control circuits.
4. Conductor not smaller than 12 AWG for power and lighting circuits.
5. Conductor not smaller than 16 AWG for control circuits.
6. Increase wire size in branch circuits to limit voltage drop to a maximum of 3 percent.

B. Wiring Methods: Provide the following wiring methods:

1. All Locations Unless Noted Otherwise: Use only building wire, Type THHN/THWN or XHHW insulation, 

in raceway.

1.4 DESIGN REQUIREMENTS

A. Conductor sizes are based on copper unless indicated as aluminum or "AL".
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1.5 SUBMITTALS

A. General Conditions:  Requirements for submittals.

B. Product Data: Submit for building wire.

C. Design Data: Indicate voltage drop and ampacity calculations for aluminum conductors substituted for copper 
conductors.

D. Test Reports: Indicate procedures and values obtained.

1.6 CLOSEOUT SUBMITTALS

A. General Conditions:  Requirements for submittals.

B. Project Record Documents: Record actual locations of components and circuits.

1.7 QUALITY ASSURANCE

A. Provide wiring materials located in plenums with peak optical density not greater than 0.5, average optical 
density not greater than 0.15, and flame spread not greater than 5 feet (1.5 m) when tested in accordance with 
NFPA 262.

B. Maintain one copy of each document on site.

1.8 QUALIFICATIONS

A. Manufacturer: Company specializing in manufacturing products specified in this section with minimum three 
years documented experience.

1.9 FIELD MEASUREMENTS

A. Verify field measurements are as indicated on Drawings.

1.10 COORDINATION

A. General Conditions:  Requirements for coordination.

B. Where wire and cable destination is indicated and routing is not shown, determine routing and lengths required.

C. Wire and cable routing indicated is approximate unless dimensioned. 

PART 2 - PRODUCTS

2.1 BUILDING WIRE

A. Product Description: Single conductor insulated wire.

B. Conductor: Copper.

C. Insulation Voltage Rating: 600 volts.
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D. Insulation Temperature Rating: 90 degrees C.

E. Insulation Material: Thermoplastic.

2.2 ARMORED CABLE

A. Type AC Cable may not be used on this project.

2.3 METAL CLAD CABLE

A. Type MC Cable may not be used on this project and is strictly prohibited.

 

2.4 CONNECTORS AND SPLICES

A. Provide UL-listed factory-fabricated wiring connectors of size, ampacity rating, material, type and class for 
application and for service indicated.  Select connectors to comply with Project's installation requirements and 
as specified in Part 3 "Applications" of this Article.

B. For Conductors #10 AWG and Smaller:  Wire and cable connectors shall be solderless, twist on, 600 volts, 

105C., shall comply with UL 486A/C standards.  Connectors coded for easy selection compatible with wiring to 

be spliced.  Install connectors as recommended by manufacturer.  Use proper crimping tool where crimp 

sleeves are used.

1. Acceptable Connector Manufacturers
a) 3M- "Scotchlock"
b) Buchanan - "B Cap"
c) Thomas & Betts - "Stak-On"
d) Ideal  - "Wing Nuts"

C. Compression Splices:  Splice conductors #8 and larger with solid copper barrel, type fittings applied with an 
appropriate hydraulic tool.  Splices used only where approved.  Splice fittings:  Burndy "Hydent".  Insulate 

splices with 600 volt, 105C, "heat shrink", "cold shrink" covers, or taped insulation consisting of rubber, friction 

and vinyl tapes applied per manufacturer for 600 volt, 105C covering to 150 percent of installation rating of 
conductor. 

1. Acceptable Splice and Tape Manufacturers
a) Burndy
b) Thomas & Betts
c) Ilsco
d) Anderson
e) Blackburn
f) Oz/Gedney

D. Connectors and/or Terminations for Conductors #6 AWG and larger:  Tin plated, 98% copper, dual crimp long 
barrel compression lugs with two bolt holes, insulated with molded covers to accommodate 1/2" bolts.  Apply 
with hydraulic tool recommended by manufacturer.

1.Acceptable Manufacturers and Products
a) O-Z Gedney
b) Burndy Engineering Company "Hylugs"
c) Thomas and Betts, "Color Keyed"
d) Anderson
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E. Use pulling lubricant which will not be detrimental to insulation of conductors indicated by published user 
information.

1.Acceptable Manufacturers of Lubricant
a) Ideal Industries
b) Panduit Corp.
c) OZ/Gedney
d) Plymouth/Bishop
e) American Polywater Corp.
f) Thomas & Betts

F. Insulate all live joints to 600 volts with strip rubber, friction tape, and electrical vinyl tape installed in accordance 
with manufacturers recommendations.

1.Acceptable Tape Manufacturers
a) 3M
b) Plymouth

PART 3 - EXECUTION

3.1 EXAMINATION

A. General Conditions:  Coordination and project conditions.

B. Verify interior of building has been protected from weather.

C. Verify mechanical work likely to damage wire and cable has been completed.

D. Verify raceway installation is complete and supported.

3.2 PREPARATION

A. Completely and thoroughly swab raceway before installing wire.

3.3 INSTALLATION

A. Route wire and cable to meet Project conditions.

B. Neatly train and lace wiring inside boxes, equipment, and panelboards.

C. Identify and color code wire and cable under provisions of Section 16075. Identify each conductor with its circuit 
number or other designation indicated.

D. Install wiring complete with connections to equipment.  

E. Install wiring so conductors are not in tension in completed system. 

F. Form wiring neatly and group in circuit. Tie grouped conductors with nylon ties, T&B "Tyrap" or approved 
equivalent. 

G. Each conduit run shall be run complete end to end before conductors are installed.
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H. Use pulling lubricant to decrease pulling tension for all feeder cables, and all difficult cable pulls of   any type or 
size. Pull all conductors into raceway at the same time.

I. Provide cable supports, at locations required by NEC and/or as shown.  Supports with malleable screwed 
conduit fitting and non-conductive wedges drilled for the size conductors installed.  Provide supports rated for all 
types of insulation and all voltage.  Cable supports shall be O.Z./Gedney type "R" or accepted equivalent.  
Furnish pullbox, sized per NEC for each cable support. 

J. Bond circuit ground wires where installed to all devices, equipment, outlet and junction boxes, and grounding 
bushings (where provided) with a full size conductor and lugged type connection. 

K. Securely fasten non-ferrous identifying tapes, pressure sensitive labels or engraved nameplates to all cables, 
feeders and power cables exposed inside pull boxes, exposed on switchboard, termination compartments, etc.   
See Section 26 05 53 for nameplates and labels.

L. Join and terminate copper conductors individually.  Do not mix voltages in the same raceway.

M. Provide lugs where not furnished as part of equipment - furnish as specified above, to connect all conductors.

N. Furnish lugs for conductors #1/0 and larger with two bolt tongue or accepted equivalent single bolt tongue with 
anti-turn devices.

O. Mark all branch circuit conductors at panel terminations including neutrals with pressure sensitive numbers to 
correspond to circuit numbers connected. See Section 16040 for labels.

P. Connect circuits and feeders as shown on drawings. Drawings are diagrammatic and do not show every detail 
required in the wiring system. Detail wiring accomplished per NEC. 

Q. All conductors making up parallel feeders to be same size, same type, and same insulation, all cut same length. 
Bond each group of conductors making up a phase or neutral at both ends in an approved manner.   Parallel 
conductors shall not be run in the same raceway.

R. DO NOT COMBINE CIRCUITS into more than three circuits per homerun unless specifically approved by the 
Consultant. 

S. Neutral conductors shall not be used for equipment grounding.

T. Circuitry shall not be run in elevator shafts and hoistways.

U. Provide a separate neutral and grounding conductor for all GFI circuits or GFI devices to ensure an adequate 
ground-fault return path.

V. Use #10 AWG for all 20 amp, 120 volt homerun circuits that exceed 75 feet from center of load and 150 feet for 
277 volt circuits.

W. Panelboards may not be used as raceways.

X. Install crimp on fork terminals for device terminations. Do not place bare stranded conductors directly under 
screws.

Y. Install terminal lugs on ends of 600 volt wires unless lugs are furnished on connected device, such as circuit 
breakers.

Z. Size lugs in accordance with manufacturer’s recommendations terminating wire sizes. Install 2-hole type lugs to 
connect wires 4 AWG and larger to copper bus bars.
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AA. For terminal lugs fastened together such as on motors, transformers, and other apparatus, or when space 
between studs is small enough that lugs can turn and touch each other, insulate for dielectric strength of 2-1/2 
times normal potential of circuit.

BB. Clean conductor surfaces before installing lugs and connectors. 

CC. Make splices, taps, and terminations to carry full ampacity of conductors with no perceptible temperature rise. 

3.4 WIRE COLOR

A. General:

1. For wire sizes 10 AWG and smaller, install wire colors in accordance with the following:
a. Black and red for single phase circuits at 120/240 volts.
b. Black, red, and blue for circuits at 120/208 volts single or three phase.
c. Orange, brown, and yellow for circuits at 277/480 volts single or three phase.

2. For wire sizes 8 AWG and larger, identify wire with colored tape at terminals, splices and boxes. Colors 
are as follows:
a. Black and red for single phase circuits at 120/240 volts.
b. Black, red, and blue for circuits at 120/208 volts single or three phase.
c. Orange, brown, and yellow for circuits at 277/480 volts single or three phase.

B. Neutral Conductors: White. When two or more neutrals are located in one conduit, individually identify each with 
proper circuit number.

C. Branch Circuit Conductors: Install three or four wire home runs with each phase uniquely color coded.

D. Feeder Circuit Conductors: Uniquely color code each phase.

E. Ground Conductors:
1. For 6 AWG and smaller: Green.
2. For 4 AWG and larger: Identify with green tape at both ends and visible points including junction boxes.

3.5 FIELD QUALITY CONTROL

A. General Conditions:  Field inspecting, testing, adjusting, and balancing.

B. Inspect and test in accordance with NETA ATS, except Section 4.

C. Perform inspections and tests listed in NETA ATS, Section 7.3.1.

END OF SECTION 26 05 19
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26 05 26 GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Rod electrodes.
2. Wire.
3. Grounding well components.
4. Mechanical connectors.
5. Exothermic connections.

B. Related Sections: 

1. Section 03 20 00 - Concrete Reinforcing: Bonding or welding bars when reinforcing steel is used for 
electrodes.

1.2 REFERENCES

A. Institute of Electrical and Electronics Engineers:

1. IEEE 142 - Recommended Practice for Grounding of Industrial and Commercial Power Systems.
2. IEEE 1100 - Recommended Practice for Powering and Grounding Electronic Equipment.

B. International Electrical Testing Association:

1. NETA ATS - Acceptance Testing Specifications for Electrical Power Distribution Equipment and 
Systems.

C. National Fire Protection Association:

1. NFPA 70 - National Electrical Code.
 

1.3 SYSTEM DESCRIPTION

A. Grounding systems use the following elements as grounding electrodes:

1. Metal underground water pipe.
2. Concrete-encased electrode.
3. Rod electrode.
4. Plate electrode.

1.4 PERFORMANCE REQUIREMENTS

A. Grounding System Resistance: 25 ohms maximum

1.5 SUBMITTALS

A. General Conditions:  Requirements for submittals.

B. Product Data: Submit data on grounding electrodes and connections.

C. Test Reports: Indicate overall resistance to ground and resistance of each electrode.
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D. Manufacturer's Installation Instructions: Submit for active electrodes.

E. Manufacturer's Certificate: Certify Products meet or exceed specified requirements.

1.6 CLOSEOUT SUBMITTALS

A. General Conditions:  Requirements for submittals.

B. Project Record Documents: Record actual locations of components and grounding electrodes.

1.7 QUALITY ASSURANCE

A. Provide grounding materials conforming to requirements of NEC, IEEE 142, and UL labeled.

B. Maintain one copy of each document on site.

1.8 QUALIFICATIONS

A. Manufacturer: Company specializing in manufacturing Products specified in this section with minimum three 
years documented experience.

B. Installer: Company specializing in performing work of this section with minimum three years documented 

experience.

1.9 PRE-INSTALLATION MEETINGS

A. General Conditions: Pre-installation meeting.

B. Convene minimum one week prior to commencing work of this section.

1.10 DELIVERY, STORAGE, AND HANDLING

A. General Conditions: Requirements for transporting, handling, storing, and protecting products.

B. Accept materials on site in original factory packaging, labeled with manufacturer's identification.

C. Protect from weather and construction traffic, dirt, water, chemical, and mechanical damage, by storing in 
original packaging.

D. Do not deliver items to project before time of installation. Limit shipment of bulk and multiple-use materials to 

quantities needed for immediate installation.

1.11 COORDINATION

A. General Conditions: Requirements for coordination.

B. Complete grounding and bonding of building reinforcing steel prior concrete placement.
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PART 2 - PRODUCTS

2.1 ROD ELECTRODES

A. Product Description:

1. Material: Copper-clad steel.
2. Diameter: 3/4 inch (19 mm).
3. Length: 8 feet(2.4 m).

B. Connector: Connector for exothermic welded connection.

2.2 WIRE

A. Material: Stranded copper.

B. Foundation Electrodes: As shown on drawings. 

C. Grounding Electrode Conductor: Copper conductor bare.

D. Bonding Conductor: Copper conductor bare.

2.3 GROUNDING WELL COMPONENTS

A. Well Pipe: 8 inches NPS (DN200) by 18 inches (600 mm) long concrete pipe with belled end.

B. Well Cover: Cast iron with legend "GROUND" embossed on cover.

2.4 MECHANICAL CONNECTORS

A. Description: Bronze connectors, suitable for grounding and bonding applications, in configurations required for 

particular installation.

2.5 EXOTHERMIC CONNECTIONS

A. Product Description: Exothermic materials, accessories, and tools for preparing and making permanent field 
connections between grounding system components.

PART 3 - EXECUTION

3.1 EXAMINATION

A. General Conditions: Verification of existing conditions before starting work.

B. Verify final backfill and compaction has been completed before driving rod electrodes.

3.2 PREPARATION

A. Remove paint, rust, mill oils, surface contaminants at connection points.
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3.3 EXISTING WORK

A. Modify existing grounding system to maintain continuity to accommodate renovations.

B. Extend existing grounding system using materials and methods as specified. 

3.4 INSTALLATION

A. Install in accordance with IEEE 142.

B. Install grounding and bonding conductors concealed from view.

C. Install grounding well pipe with cover at each rod location.  Install well pipe top flush with finished grade.

D. Install grounding electrode conductor and connect to reinforcing steel in foundation footing as indicated on 
Drawings. Electrically bond steel together.

E. Equipment Grounding Conductor: Install separate, insulated conductor within each feeder and branch circuit 
raceway. Terminate each end on suitable lug, bus, or bushing.

F. Install continuous grounding using underground cold water system and building steel as grounding electrode. 
Where water piping is not available, install artificial station ground by means of driven rods or buried electrodes.

G. Permanently ground entire light and power system in accordance with NEC, including service equipment, 
distribution panels, lighting panelboards, switch and starter enclosures, motor frames, grounding type 
receptacles, and other exposed non-current carrying metal parts of electrical equipment.

H. Install branch circuits feeding isolated ground receptacles with separate insulated grounding conductor, 
connected only at isolated ground receptacle, ground terminals, and at ground bus of serving panel.

I. Accomplish grounding of electrical system by using insulated grounding conductor installed with feeders and 
branch circuit conductors in conduits. Size grounding conductors in accordance with NEC. Install from 
grounding bus of serving panel to ground bus of served panel, grounding screw of receptacles, lighting fixture 
housing, light switch outlet boxes or metal enclosures of service equipment. Ground conduits by means of 
grounding bushings on terminations at panelboards with installed number 12 conductor to grounding bus.

J. Grounding electrical system using continuous metal raceway system enclosing circuit conductors in accordance 
with NEC.

K. Permanently attach equipment and grounding conductors prior to energizing equipment.

3.5 FIELD QUALITY CONTROL

A. General Conditions:  Field inspecting, testing, adjusting, and balancing.

B. Inspect and test in accordance with NETA ATS, except Section 4.

C. Grounding and Bonding: Perform inspections and tests listed in NETA ATS, Section 7.13.

D. Perform ground resistance testing in accordance with IEEE 142.

E. Perform leakage current tests in accordance with NFPA 99.

F. Perform continuity testing in accordance with IEEE 142.
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G. When improper grounding is found on receptacles, check receptacles in entire project and correct. Perform 
retest.

END OF SECTION 26 05 26
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26 05 29  HANGERS, SUPPORTS AND FIRESTOPPING FOR ELECTRICAL SYSTEMS

PART 1 – GENERAL

1.1 SUMMARY

A. Section Includes:

1. Conduit supports.
2. Formed steel channel.
3. Spring steel clips.
4. Sleeves.
5. Mechanical sleeve seals.
6. Firestopping relating to electrical work.
7. Firestopping accessories.
8. Equipment bases and supports.

B. Related Sections:

1. Section 03 30 00 - Cast-In-Place Concrete: Product requirements for concrete for placement by this section.

1.2 REFERENCES

A. ASTM International:

1. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials.
2. ASTM E119 - Standard Test Methods for Fire Tests of Building Construction and Materials.
3. ASTM E814 - Standard Test Method for Fire Tests of Through-Penetration Fire Stops.
4. ASTM E1966 - Standard Test Method for Fire-Resistive Joint Systems.

B. FM Global:

1. FM - Approval Guide, A Guide to Equipment, Materials & Services Approved By Factory Mutual Research For 
Property Conservation.

C. National Fire Protection Association:

1. NFPA 70 - National Electrical Code.

D. Underwriters Laboratories Inc.:

1. UL 263 - Fire Tests of Building Construction and Materials.
2. UL 723 - Tests for Surface Burning Characteristics of Building Materials.
3. UL 1479 - Fire Tests of Through-Penetration Firestops.
4. UL 2079 - Tests for Fire Resistance of Building Joint Systems.
5. UL - Fire Resistance Directory.

E. Intertek Testing Services (Warnock Hersey Listed):

1. WH - Certification Listings.
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1.3 DEFINITIONS

A. Firestopping (Through-Penetration Protection System): Sealing or stuffing material or assembly placed in spaces 
between and penetrations through building materials to arrest movement of fire, smoke, heat, and hot gases through 
fire rated construction. 

1.4 SYSTEM DESCRIPTION

A. Firestopping Materials: ASTM E119, ASTM E814, UL 263, UL 1479, to achieve fire ratings of adjacent construction.  In 
accordance with Design Numbers.

B. Surface Burning: UL 723 with maximum flame spread / smoke developed rating of 25/450.

C. Firestop interruptions to fire rated assemblies, materials, and components.

1.5  PERFORMANCE REQUIREMENTS

A. Firestopping: Conform to UL for fire resistance ratings and surface burning characteristics.

1.6  SUBMITTALS

A. General Conditions:  Requirements for submittals.

B. Shop Drawings: Indicate system layout with location and detail of trapeze hangers.

C. Product Data:

1. Hangers and Supports: Submit manufacturers catalog data including load capacity.
2. Firestopping: Submit data on product characteristics, performance and limitation criteria.

D. Firestopping Schedule: Submit schedule of opening locations and sizes, penetrating items, and required listed design 
numbers to seal openings to maintain fire resistance rating of adjacent assembly.

E. Design Data: Indicate load carrying capacity of trapeze hangers and hangers and supports.

F. Manufacturer's Installation Instructions:

1. Hangers and Supports: Submit special procedures and assembly of components.
2. Firestopping: Submit preparation and installation instructions.

G. Manufacturer's Certificate: Certify products meet or exceed specified requirements.

H. Engineering Judgements: For conditions not covered by UL or WH listed designs, submit judgements by licensed professional 
engineer suitable for presentation to authority having jurisdiction for acceptance as meeting code fire protection requirements.

1.7 QUALITY ASSURANCE

A. Through Penetration Firestopping of Fire Rated Assemblies: UL 1479 or ASTM E814 with 0.10 inch water gage (24.9 Pa) 

minimum positive pressure differential to achieve fire F-Ratings and temperature T-Ratings as indicated on Drawings, but not 

less than 1-hour.

1. Wall Penetrations: Fire F-Ratings as indicated on Drawings, but not less than 1-hour.

2. Floor and Roof Penetrations: Fire F-Ratings and temperature T-Ratings as indicated on Drawings, but not less than 1-
hour.
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a. Floor Penetrations Within Wall Cavities: T-Rating is not required.

B. Through Penetration Firestopping of Non-Fire Rated Floor and Roof Assemblies: Materials to resist free passage of flame and 

products of combustion. 

1. Noncombustible Penetrating Items: Noncombustible materials for penetrating items connecting maximum of three 
stories.

2. Penetrating Items: Materials approved by authorities having jurisdiction for penetrating items connecting maximum of 
two stories.

C. Fire Resistant Joints in Fire Rated Floor, Roof, and Wall Assemblies: [ASTM E1966 or] UL 2079 to achieve fire resistant rating 
as indicated on Drawings for assembly in which joint is installed.

D. Fire Resistant Joints Between Floor Slabs and Exterior Walls: ASTM E119 with 0.10 inch water gage (24.9 Pa) minimum 
positive pressure differential to achieve fire resistant rating as indicated on Drawings for floor assembly.

E. Surface Burning Characteristics: 25/450 flame spread/smoke developed index when tested in accordance with ASTM E84.

1.8 QUALIFICATIONS

A. Manufacturer: Company specializing in manufacturing Products specified in this section with minimum three years 
documented experience.

B. Installer: Company specializing in performing work of this section with minimum three years documented experience approved 
by manufacturer. 

1.9  PRE-INSTALLATION MEETINGS

A. General Conditions:  Pre-installation meeting.

B. Convene minimum one week prior to commencing work of this section.

1.10  DELIVERY, STORAGE, AND HANDLING

A. General Conditions:  Requirements for transporting, handling, storing, and protecting products.

B. Accept materials on site in original factory packaging, labeled with manufacturer's identification.

C. Protect from weather and construction traffic, dirt, water, chemical, and mechanical damage, by storing in original packaging.

1.11  ENVIRONMENTAL REQUIREMENTS

A. General Conditions:  Environmental conditions affecting products on site.

B. Do not apply firestopping materials when temperature of substrate material and ambient air is below 60 degrees F (15 
degrees C).

C. Maintain this minimum temperature before, during, and for minimum 3 days after installation of firestopping materials.

D. Provide ventilation in areas to receive solvent cured materials.
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PART 2 – PRODUCTS

2.1 CONDUIT SUPPORTS

A. Hanger Rods: Threaded high tensile strength galvanized carbon steel with free running threads.

B. Beam Clamps: Malleable Iron, with tapered hole in base and back to accept either bolt or hanger rod. Set screw: hardened 
steel.

C. Conduit clamps for trapeze hangers: Galvanized steel, notched to fit trapeze with single bolt to tighten.

D. Conduit clamps - general purpose: One hole malleable iron for surface mounted conduits.

E. Cable Ties: High strength nylon temperature rated to 185 degrees F (85 degrees C). Self locking.

2.2  FORMED STEEL CHANNEL

A. Product Description: Galvanized 12 gage (2.8 mm) thick steel. With holes 1-1/2 inches (38 mm) on center.

2.3  SPRING STEEL CLIPS

A. Product Description: Mounting hole and screw closure.

2.4 SLEEVES

A. Furnish materials in accordance with Placer County Water Agency standards.

B. Sleeves Through Non-fire Rated Floors: 18 gage (1.2 mm) thick galvanized steel.

C. Sleeves for Through Non-fire Rated Beams, Walls, Footings, and Potentially Wet Floors: Steel pipe or 18 mm thick galvanized 
steel.

D. Sleeves for Through Fire Rated and Fire Resistive Floors and Walls, and Fire Proofing: Prefabricated fire rated sleeves 
including seals, UL listed.

E. Fire-stopping Insulation: Glass fiber type, non-combustible.

2.5 MECHANICAL SLEEVE SEALS

A. Product Description: Modular mechanical type, consisting of interlocking synthetic rubber links shaped to continuously fill 
annular space between object and sleeve, connected with bolts and pressure plates causing rubber sealing elements to 
expand when tightened, providing watertight seal and electrical insulation.

2.6   FIRESTOPPING

A. Manufacturers:

1. Dow Corning Corp.
2. 3M fire Protection Products.
3. Specified Technology, Inc.
4. Substitutions: General Conditions

B. Product Description: Different types of products by multiple manufacturers are acceptable as required to meet specified 
system description and performance requirements; provide only one type for each similar application.



Dangberg Home Ranch 
Restoration Projects

HANGERS, SUPPORTS AND FIRESTOPPING 26 05 29 - 5

1. Silicone Firestopping Elastomeric Firestopping: Single component silicone elastomeric compound and compatible 
silicone sealant.

2. Foam Firestopping Compounds: Single component foam compound.
3. Formulated Firestopping Compound of Incombustible Fibers: Formulated compound mixed with incombustible non-

asbestos fibers.
4. Fiber Stuffing and Sealant Firestopping: Composite of mineral fiber stuffing insulation with silicone elastomer for 

smoke stopping.
5. Mechanical Firestopping Device with Fillers: Mechanical device with incombustible fillers and silicone elastomer, 

covered with sheet stainless steel jacket, joined with collars, penetration sealed with flanged stops.
6. Intumescent Firestopping: Intumescent putty compound which expands on exposure to surface heat gain.
7. Firestop Pillows: Formed mineral fiber pillows.

C. Color: Dark gray.

2.7 FIRESTOPPING ACCESSORIES

A. Primer: Type recommended by firestopping manufacturer for specific substrate surfaces and suitable for required fire ratings.

B. Installation Accessories: Provide clips, collars, fasteners, temporary stops or dams, and other devices required to position and 
retain materials in place.

C.  General:

1. Furnish UL listed products.
2. Select products with rating not less than rating of wall or floor being penetrated.

D. Non-Rated Surfaces:
1. Stamped steel, chrome plated, hinged, split ring escutcheons or floor plates or ceiling plates for covering openings in 

occupied areas where conduit is exposed.
2. For exterior wall openings below grade, furnish modular mechanical type seal consisting of interlocking synthetic 

rubber links shaped to continuously fill annular space between conduit and cored opening or water-stop type wall 
sleeve.

PART 3 – EXECUTION

3.1 EXAMINATION

A. General Conditions:  Verification of existing conditions before starting work.

B. Verify openings are ready to receive sleeves.

C. Verify openings are ready to receive firestopping.

3.2 PREPARATION

A. Clean substrate surfaces of dirt, dust, grease, oil, loose material, or other matter affecting bond of firestopping material.

B. Remove incompatible materials affecting bond.

C. Obtain permission from Architect/Engineer before using powder-actuated anchors.

D. Do not drill or cut structural members.
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3.3  INSTALLATION - HANGERS AND SUPPORTS

A. Anchors and Fasteners:

1. Concrete Structural Elements: Provide precast inserts, expansion anchors, and preset inserts.
2. Steel Structural Elements: Provide beam clamps, spring steel clips, steel ramset fasteners, and welded fasteners.
3. Concrete Surfaces: Provide self-drilling anchors and expansion anchors.
4. Hollow Masonry, Plaster, and Gypsum Board Partitions: Provide toggle bolts and hollow wall fasteners.
5. Solid Masonry Walls: Provide expansion anchors and preset inserts.
6. Sheet Metal: Provide sheet metal screws.
7. Wood Elements: Provide wood screws.

B. Inserts:

1. Install inserts for placement in concrete forms.
2. Install inserts for suspending hangers from reinforced concrete slabs and sides of reinforced concrete beams.
3. Provide hooked rod to concrete reinforcement section for inserts carrying pipe over 4 inches (100 mm).
4. Where concrete slabs form finished ceiling, locate inserts flush with slab surface.
5. Where inserts are omitted, drill through concrete slab from below and provide through-bolt with recessed square steel 

plate and nut flush with top of slab.

C. Install conduit and raceway support and spacing in accordance with NEC.

D. Do not fasten supports to pipes, ducts, mechanical equipment, or conduit.

E. Install multiple conduit runs on common hangers.

F. Supports:

1. Fabricate supports from structural steel or formed steel channel. Install hexagon head bolts to present neat 
appearance with adequate strength and rigidity. Install spring lock washers under nuts.

2. Install surface mounted cabinets and panelboards with minimum of four anchors.
3. In wet and damp locations install steel channel supports to stand cabinets and panelboards 1 inch (25 mm) off wall.
4. Support vertical conduit at every floor.

G. Support EMT within twelve inches of each outlet, junction box, cabinet or fitting and every eight-foot there after.  Combination 

box/conduit hangers are not allowed.

1. Acceptable Individual conduit hanger manufacturers

a. Appleton
b. Minerallac
c. OZ Mfr. Co.
d. Erico-Products
e. Steel City
f. Thomas & Betts

H. Support for multiple conduit runs shall consist of trapeze type hangers as required.  Galvanized bolts or rods shall be 1/2” 
minimum diameter and anchored to structure.  Provide support system clamp for each conduit on hangers.  Support systems 
shall utilize 1-5/8” x 1-5/8” x 12 gage multi-purpose steel channels, complete with all necessary hardware, clamps, etc. all 
channel hardware shall be galvanized and/or plated to prevent corrosion.  Channel sizes and quantity, and number of support  
rods shall be increased to support increased weights.  Design each assembly to carry the combined weight of conduit and 
wire, assembly itself plus 100 pounds.  Provide space for 25 percent additional conduit of the same size. See Section 16010 
for anchor requirements.
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1. Acceptable Manufacturers of channel support Systems
a. B-Line
b. Kindorf
c. Superstrut
d. Unistrut

3.4 INSTALLATION - FIRESTOPPING

A. Install material at fire rated construction perimeters and openings containing penetrating sleeves, piping, ductwork, conduit 
and other items, requiring firestopping.

B. Apply primer where recommended by manufacturer for type of firestopping material and substrate involved, and as required 
for compliance with required fire ratings.

C. Apply firestopping material in sufficient thickness to achieve required fire and smoke rating, to uniform density and texture.

D.  Place foamed material in layers to ensure homogenous density, filling cavities and spaces. Place sealant to completely seal 
junctions with adjacent dissimilar materials.

E. Fire Rated Surface: 

1. Seal opening at floor, wall, partition, ceiling, and roof as follows:
a. Install sleeve through opening and extending beyond minimum of 1 inch (25 mm) on both sides of building 

element.
b. Size sleeve allowing minimum of 1 inch (25 mm) void between sleeve and building element.
c. Pack void with backing material.
d. Seal ends of sleeve with UL listed fire resistive silicone compound to meet fire rating of structure penetrated.

2. Where cable tray, conduit, wireway, and cable penetrates fire rated surface, install firestopping product in accordance 
with manufacturer's instructions.

F. Non-Rated Surfaces: 

1. Seal opening through non-fire rated wall, partition, floor, ceiling and roof opening as follows:
a. Install sleeve through opening and extending beyond minimum of 1 inch (25 mm) on both sides of building 

element.
b. Size sleeve allowing minimum of 1 inch (25 mm) void between sleeve and building element.
c. Install type of firestopping material recommended by manufacturer.

2. Install floor plates or ceiling plates where conduit, penetrates non-fire rated surfaces in occupied spaces. 
Occupied spaces include rooms with finished ceilings and where penetration occurs below finished ceiling.

3. Exterior wall openings below grade: Assemble rubber links of mechanical seal to size of conduit and tighten 
in place, in accordance with manufacturer's instructions.

4. Interior partitions: Seal pipe penetrations at computer rooms and data rooms. Apply sealant to both sides of 
penetration to completely fill annular space between sleeve and conduit.

3.5  INSTALLATION - EQUIPMENT BASES AND SUPPORTS

A. Provide housekeeping pads of concrete, 6 inches (87 mm) thick and extending 4 inches (150 mm) beyond supported 
equipment to Section 03 30 00.

B. Using templates furnished with equipment, install anchor bolts, and accessories for mounting and anchoring equipment.

C. Construct supports of steel members. Brace and fasten with flanges bolted to structure.
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3.6 INSTALLATION - SLEEVES

A. Exterior watertight entries: Seal with adjustable interlocking rubber links.

B. Conduit penetrations not required to be watertight: Sleeve and fill with silicon foam.

C. Set sleeves in position in forms. Provide reinforcing around sleeves.

D. Size sleeves large enough to allow for movement due to expansion and contraction. Provide for continuous insulation 
wrapping.

E. Extend sleeves through floors 1 inch above finished floor level. Caulk sleeves.

F. Where conduit or raceway penetrates floor, ceiling, or wall, close off space between conduit or raceway and adjacent work 
with fire stopping insulation and caulk airtight. Provide close fitting metal collar or escutcheon covers at both sides of 
penetration.

G. Install chrome plated steel escutcheons at finished surfaces.

3.7 FIELD QUALITY CONTROL

A. General Conditions:  Field inspecting, testing, adjusting, and balancing.

B. Inspect installed firestopping for compliance with specifications and submitted schedule.

3.8  CLEANING

A. General Conditions:  Requirements for cleaning.

B. Clean adjacent surfaces of firestopping materials.

3.9  PROTECTION OF FINISHED WORK

A. General Conditions:  Requirements for protecting finished Work.

B. Protect adjacent surfaces from damage by material installation.

END OF SECTION 26 05 29
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26 05 30 SEISMIC PROTECTION FOR ELECTRICAL EQUIPMENT

PART 1 – GENERAL

1.1  SUMMARY

A. Structural design and calculations for major equipment anchoring, conduit support, and bracing details.

1.2 RELATED SECTIONS

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other 

Division 1 Specification Sections, apply to this section. 

1.3 REFERENCES

A. California Building Code, 2019 (CBC)

B. UL 1570 – LED Lighting Fixtures

C. UL 1571 – Incandescent Lighting Fixtures

D. UL 1572 – HID Lighting Fixtures

E. UL1573 – Stage Lighting Units

F. UL1574 – Track Lighting Systems

1.4 CODE INFORMATION

A. This project is subject to the seismic bracing requirements of the California Building Code, 2019 edition.  The 

following criteria are applicable to this project.

1. Seismic Use Group:  II

2. Site Class Category:  B

3. Seismic Design Category:  D

4. See Sheet XXXX Code Analysis for additional information.

B. It is recommended that the contractor enlist the services of a qualified seismic bracing vendor/supplier.  

Provide bracing for identified equipment and system.

C. Resistance to lateral forces induced by earthquakes shall be accomplished with consideration of friction 

resulting from gravity loads.  The following companies are listed as resources for the Contractor to consider 

for obtaining competent assistance regarding the seismic bracing of mechanical piping and equipment.  Since 

seismic constraint is not a common mechanical requirement for projects, and considering that the 

requirements are specific and include technical expertise, this information may be helpful.

1. Amber Booth

2. Cooper B-Line



Dangberg Home Ranch 
Restoration Projects

SEISMIC PROTECTION FOR ELECTRICAL EQUIPMENT 26 05 30 - 2

3. Mason Industries

4. Tolco (Division of Nibco)

1.5 SUBMITTALS

A. Shop Drawings:  Detail drawings along with catalog cuts, templates, and erection and installation details, as 

appropriate, for the items listed.  Submittals shall be complete in detail; shall indicate thickness, type, grade, 

class of metal, and dimensions; and shall show construction details, reinforcement, anchorage, and 

installation with relation to the building construction.

1. Lighting Fixtures in Buildings.

2. Equipment Requirements.

B. Product Data:

1. Copies of the design calculations with the detail drawings.  Calculations shall be stamped by a 
registered engineer in the State of California and shall verify the capability of structural members to 
which bracing are attached for carrying the load from the brace.  Structural seismic calculations for 
equipment anchorage for major equipment shall be included.

2. Contractor Designed Bracing:  Copies of the Design Calculations with the Drawings.  Calculations 
shall be approved, certified, stamped and signed by a Registered Professional Engineer.  Calculations 
shall verify the capability of structural members to which bracing are attached for carrying the load 
from the brace.

C. Include Seismic Certification for major equipment included in project.

1. Light Fixtures.
2. Switchboards.
3. Panelboards.

1.6 QUALIFICATION

A. The manufacturer of the assembly shall be the manufacturer of the major components within the assembly.

B. For the equipment specified herein, the manufacturer shall be ISO 9001 or 9002 certified.

C. The manufacturer of this equipment shall have produced similar electrical equipment for a minimum period of 

five years.  When requested by the engineer, an acceptable list of installations with similar equipment shall be 

provided demonstrating compliance with this requirement.

D. Provide Seismic qualified equipment as follows:

The equipment and major components shall be suitable for and certified by actual seismic testing to meet all 

applicable seismic requirements of the 2019 California Building Code (CBC) Site Classification D.  The site 

coefficients Fa=1.0, and spectral response accelerations of Ss=1.334g, S1=0.53g are used.  The test 

response spectrum shall be based upon a 5% damping factor, and a peak (Sds) of at least 2.15g’s (3-12 Hz) 

applied at the base of the equipment in the horizontal direction.  The forces in the vertical direction shall be at 

least 66% if those in the horizontal direction.  The tests shall cover a frequency range from 1 to 100Hz.  

Guidelines for the installation consistent with these requirements shall be provided by the equipment 

manufacturer and based upon testing of representative equipment.  Equipment certification acceptance 

criteria shall be based upon the ability for the equipment to be returned to service immediately after a seismic 

event within the above requirements without the need for repairs. 

1.7 SYSTEM DESCRIPTION
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A. The requirements for seismic protection measures described in this section shall be applied to the electrical 

equipment and systems listed below.

B. Electrical Equipment:  Electrical equipment shall include the following items to the extent required on the 

Drawings or in other sections of these specifications:

1. Light Fixtures.
2. Switchboards.
3. Panelboards.

C. Electrical Systems:  The following electrical systems shall be seismically protected in accordance with this 

specification:  Lighting, power, security, communications and fire alarm.

D. Conduits Requiring No Special Seismic Restraints:  Seismic restraints may be omitted from electrical conduit 

less than 2-1/2 inches trade size. All other interior conduit, shall be seismically protected as specified.

1.8 EQUIPMENT REQUIREMENTS

A. Rigidly Mounted Equipment:  Constructed and assembled to withstand the seismic forces in accordance with 

CBC 2019.  Each item of rigid electrical equipment shall be entirely located and rigidly attached on one side 

only of a building expansion joint.  Piping, electrical conduit, etc., which cross the expansion joint shall be 

provided with flexible joints that are capable of accommodating displacements equal to the full width if the 

joint in both orthogonal directions.

PART 2 – PRODUCTS 

2.1 LIGHTING FIXTURE SUPPORTS

A. Lighting fixtures and supports shall conform to UL 1570, UL 1571, UL1572, UL1573 or UL1574 as applicable. 

PART 3 – EXECUTION 

3.1 SWAY BRACES FOR CONDUIT

A. Sway bracing materials shall consist of rods, plates, angles, etc.

3.2 LIGHTING FIXTURES IN BUILDINGS

A. Pendant Fixtures:  Per manufacturer’s mounting requirements and details on plans.  Provide sway bracing for 

all pendant fixtures that will hit something if they sway less than 45 degrees.

1. Pendent fixtures must be able to sway 45 degrees from vertical without hitting any object or each other 

including ductwork, piping, walls, soffits, etc.  Where this is not possible provide sway bracing to 

prevent movement.

B. Ceiling Attached Fixtures:

1. Recessed LED Fixtures:  Recessed LED individual or continuous-  row mounted fixtures shall be 

supported be a seismic-resistant suspended ceiling support system built in accordance with the ASTM 

E 580.  Recessed lighting fixtures not over 56 pounds in weight may be supported be and attached 

directly to the ceiling seismic design.  Fixture accessories, including louvers, diffusers, and lenses shall 

have lock or screw attachments.
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2. Surface-Mounted LED Fixtures:  Surface-mounted LED individual or continuous-row fixtures shall be 

attached to a seismic-restraint ceiling support system built in accordance with ASTM E 580.

C. Assembly Mounted on Outlet Box:  A supporting assembly, that is intended to be mounted on an outlet box, 

shall be designed to accommodate mounting features on 4-inch boxes, plaster rings, and fixture studs.

D. Wall-Mounted Emergency Light Unit:  Attachments for wall-mounted emergency light units shall be designed 

and secured for the worst expected seismic disturbance at the site.

3.3 ANCHOR BOLTS

A. Cast-In-Place:  Floor or pad mounted equipment shall use cast-in-place anchor bolts or Hilti HDA anchors as 

indicated.  One nut shall be provided on each bolt.  Anchor bolts shall conform to ASTM F 1554, Grade 36.  

Anchor bolts shall have an embedded straight length equal to at least 12 times nominal diameter of the bolt.  

Anchor bolts that exceed the normal depth of equipment foundation piers or pads shall either extend into 

concrete floor or the foundation shall be increased in depth to accommodate bolt lengths.

B. Expansion or Chemically Bonded Anchors:  Expansion or chemically bonded anchors shall not be used 

unless test data in accordance with ASTM E 488 has been provided verify the adequacy of the specific 

anchor and application.  Expansion of chemically bonded anchors shall not be used to resist pull-out in 

overhead and wall installations.

3.4 RESILIENT VIBRATION ISOLATION DEVICES

A. Where the need for these devices is determined, based on the magnitude of the design seismic forces, 

selection of anchor bolts for vibration isolation devices and/or snubbers for equipment base and foundations 

shall follow the same procedure as in paragraph ANCHOR BOLTS, except that an equipment weight equal to 

three times the actual equipment weight shall be used.

3.5 SWAY BRACES FOR CONDUIT 2-1/2” TRADESIZE AND GREATER

A. Sway braces shall be provided to prevent movement of the conduits under seismic loading.  Braces shall be 

provided in both the longitudinal and transverse directions, relative to the axis of the pipe.  The bracing shall 

not interfere with thermal expansion requirements for the pipes as described in other sections of these 

specifications.

B. Transverse Sway Bracing:  Install transverse sway bracing for steel and conduit.  All runs (length of pipe 

between end joints) shall have a minimum of two transverse braces.

C. Longitudinal Sway Bracing:  Longitudinal sway bracing shall be provided at 40 foot intervals unless otherwise 

indicated.  A;; runs (length of conduit between end joints) shall have one longitudinal brace minimum.  Branch 

lines, walls, or floors shall not be used as sway braces.

D. Vertical Runs:  Run is defined as length of pipe between end joints.  Vertical runs of conduit shall be braced 

at not more than 10-foot vertical intervals.  Braces for vertical runs shall be above the center of gravity of the 

segment being braces.  Sway braces shall not be used as sway braces.

E. Clamps and Hangers:  Clamps or hangers in conduits shall be applied directly to conduit.

F. Anchor Rods, Angles, and Bars:  Anchor rods, angles, and bars shall be bolted to either pipe clamps or pipe 

flanges at one end and cast-in-place concrete or masonry insert or clip angles bolted to the steel structure in 

the other end.  Rods shall be solid metal or pipe as specified below.  Anchor rods, angles, and bars shall not 

exceed lengths given in the tabulation below.
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3.6 EQUIPMENT SWAY BRACING

A. Suspended Equipment:  Equipment sway bracing shall be provided for items supported from overhead 

structural systems.  Braces shall consist of angles, rods, bars, or pipes and secured at both ends with not less 

than ½-inch bolts.  Sufficient braces shall be provided for equipment to resist a horizontal force equal to three 

times the weight of equipment without exceeding safe working stress of bracing components.  Details of 

equipment bracing shall be submitted for acceptance.  In lieu of bracing with vertical supports, these items 

may be supported and braced with hangers inclined at 45 degrees directed up and radially away from 

equipment and oriented symmetrically in 90-degree intervals on the horizontal plane, bisecting the angles of 

each corner of the equipment, provided that supporting members are properly sized to support operating 

weight of equipment when hangers are inclined at a 45-degree angle.

B. Floor or Pad Mounted Equipment:

1. Shear Resistance:  Floor mounted equipment shall be bolted to the floor.  Requirements for the 

number and installation of bolts to resist shear forces shall be in accordance with paragraph ANCHOR 

BOLTS.

2. Overturning Resistance:  The ratio of the overturning moment from seismic forces to the resisting 

moment due to gravity loads shall be used to determine if overturning forces need to be considered in 

the sizing of anchor bolts.  Calculations shall be provided to verify the adequacy of the anchor bolts for 

combined shear and overturning.

END OF SECTION 26 05 30
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26 05 33 RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 SUMMARY

A. Section includes conduit and tubing, surface raceways, wireways, outlet boxes, pull and junction boxes, and 
handholes.

B. Related Sections: 

1. Section 26 05 03 - Equipment Wiring Connections.
2. Section 26 05 26 - Grounding and Bonding for Electrical Systems.
3. Section 26 05 29 - Hangers and Supports for Electrical Systems.
4. Section 26 05 53 - Identification for Electrical Systems.
5. Section 26 27 16 - Electrical Cabinets and Enclosures.
6. Section 26 27 26 - Wiring Devices.

C. American National Standards Institute: 

1. ANSI C80.1 - Rigid Steel Conduit, Zinc Coated.
2. ANSI C80.3 - Specification for Electrical Metallic Tubing, Zinc Coated.

D. National Electrical Manufacturers Association: 

1. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum).
2. NEMA FB 1 - Fittings, Cast Metal Boxes, and Conduit Bodies for Conduit and Cable Assemblies.
3. NEMA OS 1 - Sheet Steel Outlet Boxes, Device Boxes, Covers, and Box Supports.
4. NEMA OS 2 - Nonmetallic Outlet Boxes, Device Boxes, Covers, and Box Supports.
5. NEMA RN 1 - Polyvinyl Chloride (PVC) Externally Coated Galvanized Rigid Steel Conduit and 

Intermediate Metal Conduit.
6. NEMA TC 2 - Electrical Polyvinyl Chloride (PVC) Tubing and Conduit.
7. NEMA TC 3 - PVC Fittings for Use with Rigid PVC Conduit and Tubing.

1.2 SYSTEM DESCRIPTION

A. Raceway and boxes located as indicated on Drawings, and at other locations required for splices, taps, wire 
pulling, equipment connections, and compliance with regulatory requirements. Raceway and boxes are 
shown in approximate locations unless dimensioned. Provide raceway to complete wiring system.

B. Underground:  Provide schedule 40 PVC.   Provide pre-cast concrete or nonmetallic handholes, vaults or 
manholes.

C. Under Slab on Grade within the Building Perimeter: Provide schedule 40 PVC.  Refer to Section 26 05 34.

D. Outdoor Locations, Above Grade: Provide electrical metallic tubing. Where exposed to physical damage and 
heavy moisture (including roof tops) use rigid steel conduit. Provide cast metal or nonmetallic outlet, pull, and 
junction boxes.

E. In Slab on grade or elevated slabs: Not Permitted. 

F. Interior Wet Locations: Provide rigid steel conduit.  Provide cast metal outlet, junction, and pull boxes. Provide 
flush mounting outlet box in finished areas.

G. Concealed Dry Locations: Provide electrical metallic tubing.  Provide sheet-metal boxes. Provide flush 
mounting outlet box in finished areas. Provide hinged enclosure for large pull boxes.
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H. Exposed Dry Locations: Provide electrical metallic tubing, except where exposed to physical damage; provide 
rigid steel conduit.  Provide sheet-metal boxes. Provide flush mounting outlet box in finished areas. Provide 
hinged enclosure for large pull boxes.

1.3 DESIGN REQUIREMENTS

A. Minimum Raceway Size: 1/2inch (13mm) unless otherwise specified.  Comply with NEC for minimum size 
conduit and installation requirements.  Minimum size 1/2 inch diameter for branch circuits, minimum size 3/4 
inch diameter for homeruns.  Minimum size for PVC conduit shall be 3/4 inch in diameter.  Conduits shall be 
installed complete end-to-end prior to installing conductors.

1.4 SUBMITTALS

A. General Conditions:  Submittal procedures.

B. Product Data: Submit for the following: 

1. Flexible metal conduit.
2. Liquidtight flexible metal conduit.
3. Nonmetallic conduit.
4. Flexible nonmetallic conduit.
5. Nonmetallic tubing.
6. Raceway fittings.
7. Conduit bodies.
8. Surface raceway.
9. Wireway.
10. Pull and junction boxes.
11. Handholes.

C. Manufacturer's Installation Instructions: Submit application conditions and limitations of use stipulated by 
Product testing agency specified under Regulatory Requirements. Include instructions for storage, handling, 
protection, examination, preparation, and installation of Product.

1.5 CLOSEOUT SUBMITTALS

A. General Conditions:  Closeout procedures.

B. Project Record Documents: 

1. Record actual routing of conduits 2” and larger.
2. Record actual locations and mounting heights of outlet, pull, and junction boxes.

1.6 DELIVERY, STORAGE, AND HANDLING

A. General Conditions:  Product storage and handling requirements.

B. Protect conduit from corrosion and entrance of debris by storing above grade. Provide appropriate covering.

C. Protect PVC conduit from sunlight.

1.7 COORDINATION

A. General Conditions:  Coordination and project conditions.

B. Coordinate installation of outlet boxes for equipment connected under Section 26 05 03.

C. Coordinate mounting heights, orientation and locations of outlets mounted above counters, benches, and 
backsplashes.
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PART 2 - PRODUCTS

2.1 METAL CONDUIT

A. Rigid Steel Conduit: ANSI C80.1.

B. Intermediate Metal Conduit (IMC): Rigid steel.

C. Fittings and Conduit Bodies: NEMA FB 1; all steel fittings.  Threadless fittings shall not be used. 

D. Terminate rigid conduit in dry locations with two steel locknuts, one inside, one outside of the cabinet, junction 
box or outlet box and an insulated bushing.  Bushings shall be malleable iron or steel with smooth insulating 
ring molded into edge of bushing to prevent damage to cable.  Insulated bushings shall be 150 degree C self 
extinguishing thermoplastic.  Provide grounding bushings on 1 ½ inch conduit and larger.  Construction of 
bushings shall be similar to steel bushings described above except provide lugs for grounding connection. 

E. Where conduits are installed underground, the threaded joints shall be sealed with a conductive joint sealing 
compound. 

2.2 PVC COATED METAL CONDUIT

A. Product Description: NEMA RN 1; rigid steel conduit with external PVC coating, 40 mil (0.05 mm) thick.

B. Fittings and Conduit Bodies: NEMA FB 1; steel fittings with external PVC coating to match conduit.

2.3 FLEXIBLE METAL CONDUIT

A. Product Description: Interlocked steel construction.

B. Fittings: NEMA FB 1.

C. Connectors and fittings galvanized steel, threadless type with insulated throats, U.L. approved for grounding 
means. 

2.4 LIQUIDTIGHT FLEXIBLE METAL CONDUIT

A. Product Description: Interlocked steel construction with PVC jacket.

B. Fittings: NEMA FB 1.

C. Fitting Assembly – Sealing type, with steel gland, nylon ring and ground cone inside locknut.  All fittings with 
insulated throat, U.L. approved for grounding means. 

2.5 ELECTRICAL METALLIC TUBING (EMT)

A. Product Description: ANSI C80.3; galvanized tubing.

B. Fittings and Conduit Bodies: NEMA FB 1; use insulated throat galvanized steel, rain tight, compression or set 
screw type.  Compression type must be used in all medical facilities and in damp locations.  Provide 
grounding bushing on 1¼ inch and larger.  Zinc alloy and similar soft metal castings are not allowed.  

2.6 NONMETALLIC CONDUIT

A. Product Description: NEMA TC 2; Schedule 40 PVC.  Minimum sizes shall be 3/4 inch by diameter.  

B. Fittings and Conduit Bodies: NEMA TC 3.
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C. Fittings same material as conduit and installed with watertight joint compound recommended by 
manufacturer. 

2.7 WIREWAY

A. Product Description: NEMA Type 1, General purpose, Oiltight and dust-tight.  NEMA Type 3R, raintight type 
wireway as required to meet project conditions.  Open top assembly. 

B. Knockouts: NEMA Type 1, Manufacturer's standard.  NEMA Type 3R – none. 

C. Size:  As indicated on Drawings.

D. Cover: NEMA Type 1 – removable hinged cover latches with captive screws.  NEMA Type 3R – removable 
cover with quick release latches and full gaskets.

E. Connector: Slip-in.

F. Fittings: Lay-in type with removable top, bottom, and side; captive screws.

G. Finish: Rust inhibiting primer coating with gray enamel finish.

2.8 OUTLET BOXES

A. Sheet Metal Outlet Boxes: NEMA OS 1, galvanized steel. 

1. Luminaire and Equipment Supporting Boxes: Rated for weight of equipment supported; furnish 1/2 
inch (13 mm) male fixture studs where required.

2. Concrete Ceiling Boxes: Concrete type.

B. Cast Boxes: NEMA FB 1, Type FD, cast feralloy. Furnish gasketed cover by box manufacturer. 

C. Wall Plates for Finished Areas: As specified in Section 26 27 26.

D. Wall Plates for Unfinished Areas: Furnish gasketed cover.

E. Welded boxes are not acceptable. 

2.9 PULL AND JUNCTION BOXES

A. Sheet Metal Boxes: NEMA OS 1, galvanized steel.

B. Hinged Enclosures: As specified in Section 26 27 16.

Type 4X enclosure is corrosion resistant. Type 6 enclosure is suitable for indoor and outdoor use to protect against 
entry of water during occasional temporary submersion at limited depth.

C. Surface Mounted Cast Metal Box: NEMA 250, 4X; flat-flanged, surface mounted junction box: 

1. Material: [Galvanized cast iron] [Cast aluminum].
2. Cover: Furnish with ground flange, neoprene gasket, and stainless steel cover screws.

D. In-Ground Cast Metal Box: NEMA 250, Type 6, outside flanged, recessed cover box for flush mounting: 

1. Material: Galvanized cast iron.
2. Cover: [Nonskid cover with neoprene gasket and stainless steel cover screws.
3. Cover Legend: "ELECTRIC".
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PART 3 – EXECUTION 

3.1 EXAMINATION

A. General Conditions:  Coordination and project conditions.

B. Verify outlet locations and routing and termination locations of raceway prior to rough-in.

3.2 INSTALLATION

A. Ground and bond raceway and boxes in accordance with Section 26 05 26.

B. Fasten raceway and box supports to structure and finishes in accordance with Section 26 05 29.

C. Identify raceway and boxes in accordance with Section 26 05 53.

D. Arrange raceway and boxes to maintain headroom and present neat appearance.

3.3 INSTALLATION - RACEWAY

A. Raceway routing is shown in approximate locations unless dimensioned. Route to complete wiring system.

B. Arrange raceway supports to prevent misalignment during wiring installation.

C. Support raceway using coated steel or malleable iron straps, lay-in adjustable hangers, clevis hangers, and 
split hangers.

D. Group related raceway; support using conduit rack. Construct rack using steel channel specified in Section 26 
05 29; provide space on each for 25 percent additional raceways.

E. Do not support raceway with wire or perforated pipe straps. Remove wire used for temporary supports

F. Do not attach raceway to ceiling support wires or other piping systems.

G. Construct wireway supports from steel channel specified in Section 26 05 29.

H. Route exposed raceway parallel and perpendicular to walls.

I. Route raceway installed above accessible ceilings parallel and perpendicular to walls.

J. Route conduit in and under slab from point-to-point.

K. Maintain clearance between raceway and piping for maintenance purposes.

L. Maintain 12 inch (300 mm) clearance between raceway and surfaces with temperatures exceeding 104 
degrees F (40 degrees C).

M. Cut conduit square using saw or pipe cutter; de-burr cut ends.

N. Bring conduit to shoulder of fittings; fasten securely.

O. Join nonmetallic conduit using cement as recommended by manufacturer. Wipe nonmetallic conduit dry and 
clean before joining. Apply full even coat of cement to entire area inserted in fitting. Allow joint to cure for 
minimum 20 minutes.

P. Install conduit hubs to fasten conduit to sheet metal boxes in damp and wet locations and to cast boxes.
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Q. Install no more than equivalent of three 90 degree bends (270 degrees total) between boxes. Install conduit 
bodies to make sharp changes in direction, as around beams. Use hydraulic one-shot bender to fabricate or 
factory elbows for bends in metal conduit larger than 2 inch (50 mm) size.

R. Avoid moisture traps; install junction box with drain fitting at low points in conduit system.

S. Install suitable pull string or cord in each empty raceway except sleeves and nipples.

T. Install suitable caps to protect installed conduit against entrance of dirt and moisture.

U. Surface Raceway: Install flat-head screws, clips, and straps to fasten raceway channel to surfaces; mount 
plumb and level. Install insulating bushings and inserts at connections to outlets and corner fittings.

V. Close ends and unused openings in wireway.

W. Use rigid metal conduit or PVC coated rigid steel conduit on all through slab transitions.  Except through slab 
penetrations terminating at floor mounted equipment, and/or housekeeping pads may be PVC.  Use rigid 
metal conduit elbows 2-lap wrapped with 20mil 3M Scotch wrap or tape or PVC coated rigid steel conduit on 
all underground/ underslab raceways 2 inches and larger.

X.  Use rigid steel conduit for all medium voltage feeders. Medium Voltage feeders located underground outside 
the building may be PVC encased in concrete per the Electrical Site Plan.

Y. Use rigid steel conduit for all motor circuits where subject to physical damage or below 10’ AFF.

Z. Intermediate grade metal conduit, (threaded only), may be used in lieu of rigid steel conduit where allowed by 
NEC.

AA. Use flexible conduit, “greenfield” for: 

1. Connection to vibrating equipment in dry locations between rigid conduit and connection box on 
equipment.

2. Final connections to equipment in dry locations.
3. Final connections to equipment requiring adjustments.
4. Final connections to recessed lighting fixtures from conduit system.
5. Connection to distribution transformers.
6. Connection to bus duct plug-in switches.
7. Maximum length 6’.

BB. Use Liquidtight flexible conduit in damp or wet locations for same circuit categories listed for flexible conduit 
above.  Engineer will determine "damp or wet" locations if questionable.

CC. EMT shall not be installed underground and shall not be encased in concrete.

DD. Conduit must be installed high enough above lay in ceiling to permit removal of ceiling panels and light 
fixtures.

EE. In concrete slab on grade or elevated slabs: Conduit may penetrate slabs but will NOT be allowed to run in 
slabs on grade or elevated slabs. 

FF. Run conduit below the roofing assembly.  In accordance with NEC 300.4 conduit may not be run exposed 
across roof.  

GG. Due to the corrosive nature of the soil all metal conduit, couplings, elbows and fittings in contact with the soil 
or buried below grade shall be factory coated with PVC or two-lap wrapped with 20 mil 3M Scotchwrap with 
Pipe Primer applied as recommended by Manufacturer.  Make underground conduit fittings watertight using 
conductive compound tape.  Do not use split couplings and similar fittings underground and exposed to 
moisture. 
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HH. Route underground conduits minimum 24" below grade. 

II. Paint conduit threads exposed to moisture with exterior grade, rust preventive silver paint after installation.

JJ. Where conduit crosses expansion joints, install expansion type fittings with bonding jumper.  Use expansion 
joint with lateral conduit movement of 4” or 8” as indicated.  When both vertical and lateral movement is 
expected the joint shall be a 1” braided flexible coupling allowing both directional movements.

KK. For vertical conduit runs from the first floor to upper floors, each floor deck shall be considered an expansion 
joint.  Provide expansion type fittings to allow for up to 2" movement in addition to any thermal expansion or 
contraction expected to occur.

LL. Make connections to equipment away from wall with rigid or IMC conduit extensions exposed from ceiling to 
floor, anchored with floor flange and/or angle frame as required.  Make connections to equipment with flexible 
conduit from tee conduit body in conduit riser.

MM. Vibrating equipment and equipment requiring adjustment, i.e.:  motors, transformers, etc:  make final 
connections with liquid-tight flexible metal conduit.  

NN. Isolate conduit connections to equipment on roof from roof penetration of conduit with short section of liquid-
tight flexible conduit between roof penetration and equipment to prevent leak in roof penetration due to 
equipment vibration. 

OO. Supports shall be installed in accordance with Seismic standards.  Provide necessary side braces and swing 
joints as required.  See Spec Section 26 05 30 Seismic Protection for Electrical Equipment.

3.4 INSTALLATION - BOXES

A. Install wall mounted boxes at elevations to accommodate mounting heights as indicated on Drawings.

B. Adjust box location up to 10 feet prior to rough-in to accommodate intended purpose.

C. Orient boxes to accommodate wiring devices oriented as specified in Section 26 27 26.

D. Install pull boxes and junction boxes above accessible ceilings and in unfinished areas only.

E. In Accessible Ceiling Areas: Install outlet and junction boxes no more than 6 inches (150 mm) from ceiling 
access panel or from removable recessed luminaire.

F. Locate flush mounting box in masonry wall to require cutting of masonry unit corner only. Coordinate masonry 
cutting to achieve neat opening.

G. Do not install flush mounting box back-to-back in walls; install with minimum 6 inches (150 mm) separation. 
Install with minimum 24 inches (600 mm) separation in rated walls.

H. Secure flush mounting box to interior wall and partition studs. Accurately position to allow for surface finish 
thickness.

I. Install stamped steel bridges to fasten flush mounting outlet box between studs.

J. Install flush mounting box without damaging wall insulation or reducing its effectiveness.

K. Install adjustable steel channel fasteners for hung ceiling outlet box.

L. Do not fasten boxes to ceiling support wires or other piping systems.

M. Support boxes independently of conduit.
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N. Install gang box where more than one device is mounted together. Do not use sectional box.

O. Install gang box with plaster ring for single device outlets.

P. Seal boxes during construction to prevent entrance of construction debris.

Q. Paint wiring connections in ground mounted outlets or floor outlets in wet locations with “Scotchkote” and fill 
box with “Duxseal”.

R. Where outlet boxes are installed in unfinished concrete walls or columns, provide 1” deep plaster ring with 
box and ring set in position before the concrete in poured so concrete will fill around the ring and cover plate 
can be installed flush with the unfinished surface.  In case of brick walls, follow same procedure with mason 
filling around the plaster ring with mortar. 

S. Install all outlets located on columns or walls, provide 6” x 6” x 3” deep wood box placed in the forms before 
concrete in poured.  Remove wood box before waterproofing is applied.  General Contractor will waterproof 
wall and opening, after which Electrical Contractor will install outlet box.  General Contractor will grout around 
box.  Set boxes carefully so that cover plates will be flush with the surface and square.  

3.5 INTERFACE WITH OTHER PRODUCTS

A. Install conduit to preserve fire resistance rating of partitions and other elements, using materials and methods 
in accordance with Section 07 84 00.

B. Route conduit through roof openings for piping and ductwork or through suitable roof jack with pitch pocket. 
Coordinate location with roofing installation specified.

C. Locate outlet boxes to allow luminaires positioned as indicated on Drawings.

D. Align adjacent wall mounted outlet boxes for switches, thermostats, and similar devices.

3.6 ADJUSTING

A. General Conditions:  Testing, adjusting, and balancing.

B. Adjust flush-mounting outlets to make front flush with finished wall material.

C. Install knockout closures in unused openings in boxes.

3.7 CLEANING

A. General Conditions:  Final cleaning.

B. Clean interior of boxes to remove dust, debris, and other material.

C. Clean exposed surfaces and restore finish.

END OF SECTION 26 05 33
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26 05 53  ELECTRICAL IDENTIFICATION

PART 1 - GENERAL 

1.1 SUMMARY 

A. Provide and install required identification for the systems and equipment shown on the drawings and/or 
specified.  The extent of identification is specified herein and in individual technical sections of work. 

B. Coordinate with Consultant and Owner for proper equipment identification nomenclature.  Nameplates must 
be approved by Consultant prior to ordering and installation.

C. Types of electrical identification include: 

1. Conduit labeling. 
2. Buried cable and conduit warnings. 
3. Cable/conductor identification. 
4. Operational instructions and warnings. 
5. Danger signs. 
6. Equipment/system identification labels and signs. 
7. Device plate labeling.
8. Junction box labeling.

1.2 RELATED WORK

A. Painting of conduit and color coded painting of conduit if required. See Division 9.

1.3 SUBMITTALS 

A. Manufacturer's Data 

1. Product specifications and installation instructions for each material and device. 

B. Samples 

1. Provide for each color, lettering style and other graphic representation.

C. Labels 

1. Provide a list of labels with actual designations as they will be printed.

PART 2 - PRODUCTS 

2.1 ELECTRICAL IDENTIFICATION MATERIAL 

Conform to ANSI A13.1, Table 3 for minimum size of legend letters and minimum length of color field for each 
raceway or cable size. Use colors prescribed by ANSI A13.7, NFPA 70 and these specifications.

A. Color-Coded Conduit Markers
1. Manufacturer's standard preprinted, flexible or semi-rigid, permanent, plastic-sheet conduit markers, 

extending 360 degrees around conduits. Attach with adhesive, adhesive lap joint of marker, matching 
adhesive plastic tape at each end of marker, or pre-tensioned snap-on. Lettering to indicate voltage, 
function of conductors in conduit and shall be 8" minimum length (i.e. ac power, dc power, fire alarm). 

B. Color-Coded Plastic Tape

1. Manufacturer's standard self-adhesive vinyl tape, minimum 3 mils thick by 1-1/2" wide. 
2. Color: Orange. 

C. Underground Plastic Line Marker
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1. Manufacturer's standard permanent, bright-colored, continuous-printed plastic tape, for direct-burial 
service; minimum 4" wide x 4 mils thick. Printing to indicate type service of cable; with large (minimum 
2-1/2") high letters. 

D. Cable/Conductor Identification Bands 

1. Manufacturer's standard vinyl self-adhesive self laminating cable/conductor markers, wrap-around 
type; pre-numbered plastic coated, or write-on type with clear plastic self-adhesive cover flap, lettered 
to show circuit identification. Similar to Panduit "Instacode" or accepted equivalent by T&B, or Tyton.  
Refer to Section 26 05 19 Low Voltage Electrical Power Conductors and Cables.

E. Self-Adhesive Plastic Signs 

1. Manufacturer's standard, self-adhesive, pre-printed, flexible vinyl signs for operational instructions or 
warnings. Sizes suitable for application and visibility, with proper wording for application. 

2. Color: Orange or Yellow with black lettering. 

F. Danger Signs 

1. Manufacturer's standard "DANGER" signs, baked enamel finish on 20 gage steel; standard red, black 
and white graphics; 14" x 10" unless 10" x 7" is largest which can be applied, or where larger size is 
needed for visibility use recognized explanation wording (as examples: HIGH VOLTAGE, KEEP 
AWAY, BURIED CABLE, DO NOT TOUCH SWITCH, DANGER-STARTS AUTOMATICALLY). 

Engraved Signs (Nameplates)
2. Use 1/8" thick melamine plastic laminate, complying with FS LP-387, sizes as indicated, engrave with 

standard letter style of sizes and wording indicated (1/4" letters minimum).  

3. Color: Black field with white letters for normal power service;
Red field, white letters for emergency/standby service;
Orange field, white letters for UPS service

4. Fasteners: Self adhesive backing or double stick tape.

G. Permanent Polyester Tape: 

1. Use Permanent Metalized Polyester Tapes for Industrial purposes that are resistant to oil, solvents and 
chemicals, these durable tapes adhere to all surface. 

2.         DYMO #18485, Black on Silver, 3/8” wide, or equivalent.

H. Lettering and Graphics 

1. Coordinate names, abbreviations and other designations used with those shown or specified. Provide 
numbers, lettering, and wording as indicated or required for identification and operation/maintenance. 

PART 3 - EXECUTION 

3.1 APPLICATION AND INSTALLATION 

A. General Installation Requirements 

1. Install after completion of painting. 
2. Comply with governing regulations and requests of governing authorities for identification of electrical 

work. 

B. Conduit Identification 

1 Use adhesive marking tape labels, Brother or Kroy labels 1" high x 12" long (min.), at 20 foot intervals 
to identify all conduits run exposed or located above accessible ceilings.  Conduits located above non-
accessible ceiling or in floors and walls shall be labeled within 3 feet of becoming accessible.  Labels 
for multiple conduits shall be aligned.  Use the following colors:
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a. Above 600 Volts:  Conduit 2” and larger - Black letters on orange background indicating feeder 
identification and voltage. Feeders within walls: provide identification on wall surfaces directly 
external to the conduits. Alternate identification labels with "DANGER - HIGH VOLTAGE" 
warning signs of the same color.

b. 600 Volt and Below Normal:  Conduit 2” and larger - White letters on black background 
indicating feeder identification and voltage.  Not required unless otherwise noted.

c. 600 Volt and Below Emergency:  All conduit - White or black letters on red background 
indicating feeder identification and voltage.  Not required unless otherwise noted 

d. 600 Volt and Below UPS:  All conduit - Black letters on yellow background indicating feeder 
identifications, circuit number and voltage.  Not required unless otherwise noted

e. Fire Alarm:  All conduit shall be manufactured red. 
f. Temperature Control:  White or black letters on blue background indicating "TEMP. 

CONTROL"
g. Ground:  All conduit - White or black letters on green background 
h. Network Fiber:  All conduit - Black letters on white background indicating "NETWORK FIBER."

2. Where conduits enter or exit a panelboard, pull or junction box, switchboard, or other distribution 
equipment, conduit labels shall include circuit number in addition to feeder identification and voltage.

3. For overhead conduits, place identification such that it can be read standing on the floor below.
 

C. Underground Cable Identification 

1. During back-filling of underground cable, install continuous underground marker, directly over buried 
line 6" to 8" below finished grade. Where multiple lines are buried in common trench not exceeding 24" 
width, install a single line marker.  Install additional line markers for each increment of 24” width, i.e., 
36” wide trench - 2 markers; 54” wide trench, 3 markers.  Install multiple markers evenly spaced.

2. Install line marker for every buried ductbank and/or conduits 3" diameter or larger. 
3. Electric Lines:  Use red colored tape with lettering stating “CAUTION BURIED ELECTRIC LINE 

BELOW”.
4. Communication Lines:  Use orange colored tape with lettering stating “CAUTION COMMUNICATION 

LINE BELOW”.

D. Operational Identification and Warnings 

1. Provide operational signs for:
a. Switchgear
b. Automated breakers
c. Transfer switches
d. Large motor starters
e. Engine-generator
f. All rotating equipment
g. Decommissioned equipment to read "Retired in Place."

E. Danger Signs 

1. Provide for medium voltage switchgear, sectionalizing loop switches, etc., as shown and described 
herein. 

2. Provide for engine generators and other automatic equipment, i.e.: “Danger-Starts Automatically”.
3. Provide as required by codes. 

F. Engraved Plastic Laminated Signs 

1. Install on each major unit of electrical equipment in the building. Provide single line of text, 1/4" high 
lettering on 1" high sign (1-1/2" high where 2 lines required). Matching terminology and numbering as 
indicated in contract documents. 

2. Provide signs for each unit of the following categories:
a. Electrical cabinets and enclosures: Indicate cabinet designation, voltage, phase and feeder 

origin. 
b. Access panel/doors to electrical facilities:  Indicate room name and use.
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c. Major electrical switchgear:  Indicate equipment designation, voltage, phase and feeder origin.
d. Electrical substations:  Indicate equipment designation, voltage, phase and feeder origin.
e. Safety switches, circuit breakers and portable engine disconnects:  Indicate equipment 

designation, voltage, phase, feeder origin and circuit number.
f. Transformers:  Indicate transformer designation, voltages, phases, feeder origin, circuit 

number and equipment served.
g. Feeder cables inside pull and junction boxes and inside all switchgear at terminals indicating 

source and destination:  Fasten with nylon ties.
h. All equipment furnished in this Division of the specifications:  Indicate equipment designation, 

voltage, phase, feeder origin and circuit number.

G. Install signs where indicated or most visible. Secure with at least two cadmium-plated screws.  Where 
substrate cannot receive screws, use industrial epoxy cement to secure signs.  Self-adhesive or double stick 
tape is acceptable.  Secure with cadmium plated screws on porous surfaces.

H. Identify all conduits installed for future use.

I. Junction, Pull and Connection boxes.  Identification of systems and circuits shall indicate system voltage and 
identity of contained circuits on outside of box cover.  Color code shall be same as conduits for pressure 
sensitive labels.  Use self-adhesive marking tape labels at exposed locations and indelible black marker at 
concealed boxes.  All fire alarm boxes shall have red covers.  All temperature control boxes shall have blue 
covers. 

J.   Branch Circuit Conductors shall be identified in each junction box and pull box with wire markers as 
manufactured by T & B, Panduit, 3M or Ideal to indicate panel/circuit number.

K.  Junction Boxes in branch circuit wiring shall be labeled with panel and circuit numbers.  Junction boxes for 
special systems shall be labeled with system name and other identification as directed; for example, “fire 
alarm-zone 1”.  Where boxes are installed flush mounted in finished areas or surface mounted in unfinished 
areas, labeling shall be with engraved plastic nameplate as specified herein.  Where boxes are installed above 
accessible ceilings, labeling may be neat hand written lettering with indelible marker.

L.  Device Plates – switches and receptacles.  Identify the panelboard and branch circuit number from which 
served on the front of the device plate with Permanent Polyester Clear Tape with black letters.  Locate all 
labels at the bottom of the plate in the same location throughout.

END OF SECTION 26 05 53
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26 05 73 OVERCURRENT PROTECTIVE DEVICE COORDINATION STUDY

PART 1 - GENERAL

1.1 SUMMARY

A. Section includes short circuit and protective device coordination study encompassing portions of electrical distribution 
system from normal power source or sources up to and including breakers in service entrance switchboard, fuses in 
service entrance switchboard, main breaker in sub-distribution panels, fuses in sub-distribution panels and main 
breaker in each panelboard.

B. Related Sections: 

1. Section 21 05 13 - Common Motor Requirements for Fire-Suppression Equipment.
2. Section 22 05 13 - Common Motor Requirements for Plumbing Equipment.
3. Section 23 05 13 - Common Motor Requirements for HVAC Equipment.
4. Section 26 05 13 - Medium-Voltage Cables.
5. Section 26 05 19 - Low-Voltage Electrical Power Conductors and Cables.
6. Section 26 11 16 - Secondary Unit Substations.
7. Section 26 12 00 - Medium-Voltage Transformers.
8. Section 26 13 13 - Medium-Voltage Circuit Breaker Switchgear.
9. Section 26 13 19 - Medium-Voltage Vacuum Interrupter Switchgear.
10. Section 26 18 13 - Medium-Voltage Cutouts.
11. Section 26 18 39 - Medium-Voltage Motor Controllers.
12. Section 26 22 00 - Low-Voltage Transformers.
13. Section 26 22 03 - Low-Voltage Transformers For Nonlinear Loads.
14. Section 26 22 06 - Low-Voltage Transformer Load Centers.
15. Section 26 24 13 - Switchboards.
16. Section 26 24 16 - Panelboards.
17. Section 26 24 19 - Motor-Control Centers.
18. Section 26 25 00 - Enclosed Bus Assemblies.
19. Section 26 26 00 - Power Distribution Units.
20. Section 26 28 13 - Fuses.
21. Section 26 28 19 - Enclosed Switches.
22. Section 26 28 23 - Enclosed Circuit Breakers.
23. Section 26 28 26 - Enclosed Transfer Switches.
24. Section 26 29 13 - Enclosed Controllers.
25. Section 26 29 16 - Enclosed Contactors.
26. Section 26 29 23 - Variable-Frequency Motor Controllers.
27. Section 26 32 13 - Engine Generators.
28. Section 26 33 53 - Static Uninterruptible Power Supply.
29. Section 26 35 13 - Capacitors.
30. Section 26 35 33 - Power Factor Correction Equipment.

1.2 REFERENCES

A. Institute of Electrical and Electronics Engineers: 

1. IEEE 242 - Recommended Practice for Protection and Coordination of Industrial and Commercial Power 
Systems (Buff Book).

B. National Fire Protection Association:

1. NFPA 70 - National Electrical Code.
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1.3 DESIGN REQUIREMENTS

A. Complete Short Circuit and Protective Device Coordination Study to meet requirements of NFPA 70 and NEC 700.27 
for selective coordination.

B. Report Preparation: 

1. Prepare study prior to ordering distribution equipment to verify equipment ratings required.
2. Perform study with aid of computer software program.
3. Obtain actual settings for packaged chiller and motor characteristics and for equipment incorporated into Work.
4. Calculate short circuit interrupting and, when applicable, momentary duties for assumed 3-phase bolted fault 

short circuit current and phase to ground fault short circuit current at each of the following:
a. Utility supply bus.
b. Automatic transfer switch.
c. Manual transfer switch.
d. Switchboards.
e. Branch circuit panelboards.
f. Each other significant equipment location throughout system.

5. Starting point for study shall be at 10 milliseconds. 

C. Report Contents: 

1. Include the following:
a. Calculation methods and assumptions.
b. Base per unit value selected.
c. One-line diagram.
d. Source impedance data including power company system available power and characteristics.
e. Typical calculations.

1) Fault impedance.
2) X to R ratios.
3) Asymmetry factors.
4) Motor fault contribution.
5) Short circuit kVA.
6) Symmetrical and asymmetrical phase-to-phase and phase-to-ground fault currents.
7) Tabulations of calculation quantities and results.

f. One-line diagram revised by adding actual instantaneous short circuits available.
g. State conclusions and recommendations.

2. Prepare time-current device coordination curves graphically indicating coordination proposed for system, 
centered on conventional, full-size, log-log forms.

3. Prepare with each time-curve sheet complete title and one-line diagram with legend identifying specific portion 
of system covered by that particular curve sheet.

4. Prepare detailed description of each protective device identifying its type, function, manufacturer, and time-
current characteristics. Tabulate recommended device tap, time dial, pickup, instantaneous, and time delay 
settings.

5. Plot device characteristic curves at point reflecting maximum symmetrical fault current to which device is 
exposed. Include on curve sheets the following:
a. Power company relay characteristics.
b. Power company fuse characteristics.
c. Low voltage equipment circuit breaker trip device characteristics.
d. Low voltage equipment fuse characteristics.
e. Cable damage point characteristics.
f. Pertinent transformer characteristics including:

1) Transformer full load current.
2) Transformer magnetizing inrush.
3) ANSI transformer withstand parameters.
4) Significant symmetrical fault current.

g. Pertinent motor characteristics.
h. Generator characteristics including:
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1) Phase and ground coordination of generator protective devices.
2) Decrement curve and damage curve.
3) Operating characteristic of protective devices.
4) Actual impedance value.
5) Time constants.
6) Current boost data.
7) Do not use typical values for generator.

i. Transfer switch characteristics.
j. Other system load protective device characteristics.

1.4 ARC FLASH HAZARDS ANALYSIS STUDIES

A. Scope of Study

Determine the short-circuit current available at the designated point of contact and perform the following to provide 

adequate protection:  

1. Calculate the flash protection boundary
2. Calculate the arc-flash incident energy.
3. Confirm the required labeling.
4. Confirm the required personal protective equipment with arc rating to provide adequate protection for personnel 

working on or near energized conductors or components. 

B. Procedure
The actual short-circuit available current is to be determined from a recent short circuit study.  If the actual short-circuit 
is not known, calculate incident energy using the nearest transformer that would supply the fault current.  The flash 
protection boundary will be calculated in accordance with NFPA 70E.  The arc-flash incident energy is to be calculated 
using the equations in NFPA 70E.

Provide Warning Labels on all switchboards, panelboards and motor control centers for “Arc Flash and Shock Hazard 
Appropriate PPE Required” listing the following: 
1. Available 3 phase Short-Circuit Current
2. Flash Protection Boundary
3. Incident energy at 18” expressed in cal/cm2
4. PPE required
5. Voltage shock hazard
6. Limited shock approach boundary
7. Restricted shock approach boundary
8. Prohibited shock approach boundary

1.5 SUBMITTALS

A. General Conditions:  Requirements for submittals.

B. Qualifications Data: Submit the following for review prior to starting study. 

1. Submit qualifications and background of firm.
2. Submit qualifications of Professional Engineer performing study.

C. Software: Submit for review information on software proposed to be used in performing study.

D. Product Data: Submit the following: 

1. Report: Summarize results of study in report format including the following:
a. Descriptions, purpose, basis, and scope of study.
b. Tabulations of circuit breaker, fuse and other protective device ratings versus calculated short-circuit 

duties, and commentary regarding same.
c. Protective device time versus current coordination curves, tabulations of relay and circuit breaker trip 

settings, fuse selection, and commentary regarding same.
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d. Fault current calculations including definition of terms and guide for interpretation of computer printout.

E. Submit copies of final report signed by professional engineer. Make additions or changes required by review 
comments.

1.6 QUALITY ASSURANCE

A. Maintain one copy of each document on site.

B. Use commercially available software, designed specifically for short circuit and protective device coordination studies 
with minimum of 5 years documented availability approved by Architect/Engineer.

C. Perform study in accordance with IEEE 242.

1.7 QUALIFICATIONS

A. Study Preparer: Company specializing in performing work of this section with minimum 5 years documented 
experience.

B. Perform study under direct supervision of Professional Engineer experienced in design of this Work and licensed in 
State of California with minimum of five years experience in power system analysis.

C. Demonstrate company performing study has capability and experience to provide assistance during system start up.

1.8 PRE-INSTALLATION MEETINGS

A. General Conditions: Pre-installation meeting.

B. Convene minimum one week prior to commencing work of this section.

1.9 SEQUENCING

A. General Conditions:  Requirements for sequencing.

B. Allow for review of completed study by Architect/Engineer.

C. Submit short circuit and protective device coordination study to Architect/Engineer prior to receiving final approval of 
distribution equipment shop drawings and prior to releasing equipment for manufacturing.

D. When formal completion of study will cause delay in equipment manufacturing, obtain approval from Architect/Engineer 
for preliminary submittal of study data sufficient in scope to ensure selection of device ratings and characteristics will be 
satisfactory.

1.10 SCHEDULING

A. General Conditions: Requirements for scheduling.

B. Schedule work to expedite collection of data to ensure completion of study for final approval of distribution equipment 
shop drawings prior to release of equipment for manufacturing.

1.11 COORDINATION

A. General Conditions: Requirements for coordination.

B. Coordinate work with local power company.
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PART 2 PRODUCTS
Not used.

PART 3 EXECUTION

3.1 FIELD QUALITY CONTROL

A. General Conditions: Field inspecting, testing, adjusting, and balancing.

B. Provide assistance to electrical distribution system equipment manufacturer during start up of electrical system and 
equipment.

C. Select each primary protective device for delta-wye connected transformer so device’s characteristic or operating band 
is within transformer characteristics, including point equal to 58 percent of ANSI withstand point to provide secondary 
line-to-ground fault protection.

D. Separate transformer primary protective device characteristic curves from associated secondary device characteristics 
by 16 percent current margin to provide proper coordination and protection in event of secondary line-to-line faults.

E. Separate medium-voltage relay characteristic curves from curves for other devices by at least 0.4 second time margin.

3.2 ADJUSTING

A. General Conditions: Requirements for starting and adjusting.

B. Perform field adjustments of protective devices and modifications to equipment to place equipment in final operating 
condition. Adjust settings in accordance with approved short circuit and protective device coordination study.

END OF SECTION 26 05 73
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26 24 16 PANELBOARDS

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:
1. Distribution and branch circuit panelboards.
2. Electronic grade branch circuit panelboards.

B. Related Requirements: 
1. Section 26 05 26 - Grounding and Bonding for Electrical Systems.
2. Section 26 05 53 - Identification for Electrical Systems.
3. Section 26 28 13 - Fuses.

1.2 REFERENCE STANDARDS

A. Institute of Electrical and Electronics Engineers:
1. IEEE C62.41 - Recommended Practice on Surge Voltages in Low-Voltage AC Power Circuits.

B. National Electrical Manufacturers Association:
1. NEMA FU 1 - Low Voltage Cartridge Fuses.
2. NEMA ICS 2 - Industrial Control and Systems: Controllers, Contactors, and Overload Relays, Rated 

Not More Than 2000 Volts AC or 750 Volts DC.
3. NEMA ICS 5 - Industrial Control and Systems: Control Circuit and Pilot Devices.
4. NEMA KS 1 - Enclosed and Miscellaneous Distribution Equipment Switches (600 Volts Maximum).
5. NEMA PB 1 - Panelboards.
6. NEMA PB 1.1 - General Instructions for Proper Installation, Operation, and Maintenance of 

Panelboards Rated 600 Volts or Less.

C. International Electrical Testing Association:
1. NETA ATS - Acceptance Testing Specifications for Electrical Power Distribution Equipment and 

Systems.

D. National Fire Protection Association:
1. NFPA 70 - National Electrical Code.

E. Underwriters Laboratories Inc.:
1. UL 50 - Cabinets and Boxes
2. UL 67 - Safety for Panelboards.
3. UL 489 - Molded-Case Circuit Breakers, Molded-Case Switches, and Circuit-Breaker Enclosures.
4. UL 1283 - Electromagnetic Interference Filters.
5. UL 1449 - Transient Voltage Surge Suppressors.
6. UL 1699 - Arc-Fault Circuit Interrupters.

1.3 SUBMITTALS

A. General Conditions:  Requirements for submittals.

B. Product Data: Submit catalog data showing specified features of standard products.

C. Shop Drawings: Indicate outline and support point dimensions, voltage, main bus ampacity, integrated short 
circuit ampere rating, circuit breaker and fusible switch arrangement and sizes.

D. Source Quality control submittals:  Indicate results of factory tests and inspections.
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E. Field Quality Control Submittals:  Indicate results of Contractor furnished tests and inspections.

1.4 CLOSEOUT SUBMITTALS

A. General Conditions:  Requirements for submittals.

B. Project Record Documents: Record actual locations of panelboards and record actual circuiting 
arrangements.

C. Operation and Maintenance Data: Submit spare parts listing; source and current prices of replacement parts 
and supplies; and recommended maintenance procedures and intervals.

1.5 MAINTENANCE MATERIAL SUBMITTALS

A. General Conditions:  Requirements for maintenance products.

B. Extra Stock Materials:
1. Furnish two of each panelboard key. Panelboards keyed alike.

1.6 QUALITY ASSURANCE

A. Qualifications
1. Manufacturer: Company specializing in manufacturing products specified in this section with minimum 

three years documented experience.

PART 2 - PRODUCTS

2.1 DISTRIBUTION PANELBOARDS

A. Manufacturer List:

Manufacturer Lighting Panels 
rated 240V

Lighting Panels 
rated 480/277V

Distribution Panels 
rated 600V

Square D NQOD NF I-Line

GE AQ AE Spectra

Eaton Cutler-
Hammer

Pow-R-Line 1A Pow-R-Line 2A Pow-R-Line 4B

Siemens S1 S2 S5

B. Substitution Limitations:
1. General Conditions:  Requirements for substitutions for other manufacturers and products.

C. Description: NEMA PB 1, circuit breaker type panelboard. 

D. Operation:
1. Service Conditions:

a. Temperature: 100 degrees F.
b. Altitude: 4500 feet. 

2. Minimum integrated short circuit rating: 10,000 amperes rms symmetrical for 208 volt panelboards; 
14,000 amperes rms symmetrical for 480 volt panelboards, or as indicated on Drawings.

E. Materials
1. Panelboard Bus: Copper, current carrying components, ratings as indicated on Drawings. Furnish 

copper ground bus in each panelboard.
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2. Molded Case Circuit Breakers: UL 489, circuit breakers with integral thermal and instantaneous 
magnetic trip in each pole. Furnish circuit breakers UL listed as Type HACR for air conditioning 
equipment branch circuits.

3. Molded Case Circuit Breakers with Current Limiters: UL 489, circuit breakers with replaceable current 
limiting elements, in addition to integral thermal and instantaneous magnetic trip in each pole.

4. Current Limiting Molded Case Circuit Breakers: UL 489, circuit breakers with integral thermal and 
instantaneous magnetic trip in each pole, coordinated with automatically resetting current limiting 
elements in each pole. Interrupting rating 100,000 symmetrical amperes, let-through current and 
energy level less than permitted for same size NEMA FU 1, Class RK-5 fuse.

5.  Surge Suppressers:  Integrated in panelboard, refer to Section 26 35 53.
6. Enclosure: NEMA PB 1, Type 1or as required to meet service conditions. 
7. Cabinet Front: Surface door-in-door type, fastened with concealed trim clamps, hinged door with flush 

lock and plastic directory card holder.  Fronts shall have cylindrical tumbler type lock with catch and 
spring-loaded door pull.  All lock assemblies shall be keyed alike. 

8. Circuit breaker accessories:  Trip units and auxiliary switches as indicated on drawings. 

F. Finishes
1. Manufacturer's standard gray enamel.

2.2 BRANCH CIRCUIT PANELBOARDS

A. Manufacturer List:

Manufacturer Lighting Panels 
rated 240V

Lighting Panels 
rated 480/277V

Distribution Panels 
rated 600V

Square D NQOD NF I-Line

GE AQ AE Spectra

Eaton Cutler-
Hammer

Pow-R-Line 1A Pow-R-Line 2A Pow-R-Line 4B

Siemens S1 S2 S5

B. Substitution Limitations:
1. General Conditions:  Requirements for substitutions for other manufacturers and products.

C. Description: NEMA PB1, circuit breaker type, lighting and appliance branch circuit panelboard.

D. Materials:
1. Panelboard Bus: Copper, current carrying components, ratings as indicated on Drawings. Furnish 

copper ground bus in each panelboard.
2. For non-linear load applications subject to harmonics furnish 200 percent rated, plated copper, solid 

neutral.
3. Minimum Integrated Short Circuit Rating: 10,000 amperes rms symmetrical for 208 volt panelboards; 

14,000 amperes rms symmetrical for 480 volt panelboards, or as indicated on Drawings.
4. Molded Case Circuit Breakers: UL 489, bolt-on type thermal magnetic trip circuit breakers, with 

common trip handle for all poles, listed as Type SWD for lighting circuits, Type HACR for air 
conditioning equipment circuits, Class A ground fault interrupter circuit breakers as indicated on 
Drawings. Provide UL class 760 arc-fault interrupter circuit breakers as indicated on Drawings. Do not 
use tandem circuit breakers.

5. Current Limiting Molded Case Circuit Breakers: UL 489, circuit breakers with integral thermal and 
instantaneous magnetic trip in each pole, coordinated with automatically resetting current limiting 
elements in each pole. Interrupting rating 100,000 symmetrical amperes, let-through current and 
energy level less than permitted for same size NEMA FU 1, Class RK-5 fuse.

6. Surge Suppresser: Integrated in panelboard, refer to Section 26 35 56.
7. Enclosure: NEMA PB 1, Type 1 or Type 3R as required to meet service conditions. 
8. Split solid neutral shall be plated and located in the main compartment up to 225 amperes so incoming 

neutral cable may be of the same length.  UL listed paneboards with 200% rated solid neutral shall be 
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plated copper for non-linear load applications.  Panelboards shall be marked for non-linear load 
applications. 

9. Interior trim shall be of dead-front construction to shield user from energized parts.  Dead-front trim 
shall have pre-formed twist-outs covering unused mounting space. 

10. Breaker handle and faceplate shall indicate rated ampacity.  Standard construction circuit breakers 
shall be UL listed for reverse connection without restrictive line or load markings.  Circuit breaker 
handle accessories shall provide provisions for locking handle in the OFF position. 

E. Cabinet Front: Door-in-door Flush or Surface cabinet front as indicated on drawings with concealed trim 
clamps, concealed hinge, plastic directory card holder, and flush lock keyed alike.  Front shall have cylindrical 
tumbler type lock with catch and spring-loaded door pull.  All lock assemblies shall be keyed alike.  Finishes:
1. Finish in manufacturer's standard gray enamel.

2.3 ELECTRONIC GRADE PANELBOARD

A. Description:
1. Integral Surge Suppresser:  Component recognized in accordance with UL 1449 and UL 1283.
2. Panelboard:  UL 67 listed and TVSS device UL 1449 Component Recognized. TVSS device meets UL 

1449. Furnish panelboard markings with clamp voltage at TVSS terminals and clamp voltage at 
panelboard line terminals.

B. Performance:
1. Integral Surge Suppressers:

a. Meet or exceed the following criteria:
1) Maximum single impulse current rating not less than 120 kA for each phase.
2) Pulse Lift Test: Capable of protecting against and surviving 5000 IEEE C62.41 Category C 

transients without failure or degradation.
3) Clamping voltage not exceeding the following:

Voltage L-N N-G L-G

208Y/120 500 V 500 V 500 V

480Y/277 1000 V 1000 V 1000 V

C. Fabrication:
1. Integral Surge Suppresser:

a. Furnish copper bus bars for surge current path.
b. Construct using surge current modules (MOV based). Each module fused with user replaceable 

200,000 AIR rated fuses. Status of each module monitored on front cover of panelboard 
enclosure and on module.

c. Furnish with audible alarm activated when one of surge current modules has failed. Furnish alarm 
on/off to silence alarm and alarm push-to-test switch to test alarm. Locate switches and alarm on 
front cover of panelboard enclosure.

d. Furnish response time no greater than five nanoseconds for individual protection modes.
e. Designed to withstand maximum continuous operating voltage (MCOV) of not less than 115 

percent of nominal RMS voltage.
f. Furnish visible indication of proper suppresser connection and operation. Lights indicate operable 

phase and module.
g. Furnish minimum EFI/RFI filtering of 34 dB at 100 kHz with insertion loss ratio of 50: 1 using Mil 

Std. 220A methodology.
2. Panelboards

a. Top or bottom feed as indicated on Drawings. Furnish circuit directory inside door.
b. Construct box of galvanized steel. Box size as indicated on Drawings.
c. Main bus constructed of copper and rated for load current.
d. Furnish interior with branch circuit breakers. Furnish 60 amp circuit breaker, with appropriate 

number of poles, as dedicated disconnect for TVSS.
e. Furnish 200 percent rated neutral assembly with copper neutral bus.
f. Furnish with insulated ground bus and safety ground bus.
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g. Furnish wiring gutters in accordance with NEC.
h. Field connections to panelboard: main breaker type.
i. Construct with flush or surface mounted trim and NEMA Type 1or 3R enclosure, as indicated on 

drawings.
j. Furnish with branch breaker positions and nominal current rating as indicated on Drawings.

2.4 SOURCE QUALITY CONTROL

A. General Conditions:  Testing, inspection and analysis requirements.

B. Independently test integral surge suppressers with category C3 high exposure waveform (20 kV-1.2/50us, 
10kA-8/20 us) per IEEE C62.41.

PART 3 - EXECUTION

3.1 DEMOLITION 

A. Maintain access to existing panelboard remaining active and requiring access. Modify installation or provide 
access panel.

3.2 INSTALLATION

A. Install panelboards in accordance with NEMA PB 1.1.

B. Install panelboards plumb.

C. Install recessed panelboards flush with wall finishes.

D. Height: 6 feet (1800 mm) to top of panelboard install panelboards taller than 6 feet (1800 mm) with bottom no 
more than 4 inches (100 mm) above floor.

E. Install filler plates for unused spaces in panelboards.

F. Provide typed circuit directory for each branch circuit panelboard [and load center]. Revise directory to reflect 
circuiting changes to balance phase loads. Identify each circuit as to its clear, evident and specific purpose of 
use.

G. Install engraved plastic nameplates in accordance with Section 26 05 53.

H. Install spare conduits out of each recessed panelboard to accessible location above ceiling and below slab 
not on grade.  Minimum spare conduits: 5 empty 1 inch (DN27) (above and below). Identify each as SPARE.

I. Ground and bond panelboard enclosure according to Section 26 05 26. Connect equipment ground bars of 
panels in accordance with NFPA 70.

J. Provide each panelboard with nameplate showing panel designation, voltage rating and phase.  Indicate 
source of power (feeder origin) and feeder size (awg/mils and conduit).

K. Label shall be engraved laminated-plastic nameplate.  Nameplates shall be black with white letters (normal 
power) or red with white letters (emergency power).

L. Mount panelboards securely to building structure with 3/8" minimum diameter galvanized bolts and inserts 
number as required for size of panel, but not less than 4.  Mount panelboards with centerline 4'-6" 
approximately above finished floor with the top a maximum of 74” AFF.  Where panels of different heights are 
mounted adjacent, install top of panel trim at same height above floor. Close all unused openings. 
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M. Mount feeder panelboards taller than 66" on 4" high 2500# concrete pad and bolt to wall and pad with 1/2" 
diameter bolts and inserts .Breaker handles in the “ON” position shall not be higher than 6-7” to centerline 
from the Finished Floor when panelboards are installed on concrete pads

N. Where two sets of feeder cables are required in panel gutter space, run one set in each side of panel. 

O. When connecting a panelboard to a transformer, connected conductors shall include a slack 90-degrees bend 
in flexible conduit between the transformer and any subsequent rigid connection to building structure.  Use 
stranded, flexible conductors to maintain as much flexibility as practical. Do not permit flexible conductors to 
contact or drape against floor or wall surfaces.  The first panelboard, cabinet or switch connected to a 
transformer shall be resiliently supported from structure by affixing with bolts through holes with grommets 
(wall supported; equal to Kinetics Model TG Isolation Grommet) or by being set on ¾” thick Neoprene 
isolation pads (equal to Kinetics Type RSP) sized so that the supported load deflects pads approximately 
0.12”, or in the upper half of the manufacturer’s recommended loading range in pounds per square inch.  Pad 
type isolators should use load spreading steel plates to avoid damaging the pad by narrow base rails or 
sections, as required. 

P. Provide seismic bracing in accordance with the manufacturer's recommendations and in compliance with the 
seismic zone requirements for the zone in which the equipment is located.

Q. Connect only one wire/cable to each breaker terminal.

3.3 FIELD QUALITY CONTROL

A. General Conditions:  Requirements for testing, adjusting, and balancing.

B. Inspect and test in accordance with NETA ATS, except Section 4.

C. Perform circuit breaker inspections and tests listed in NETA ATS, Section 7.6.

D. Perform switch inspections and tests listed in NETA ATS, Section 7.5.

E. Perform controller inspections and tests listed in NETA ATS, Section 7.16.1.

3.4 ADJUSTING

A. General Conditions:  Requirements for starting and adjusting.

B. Measure steady state load currents at each panelboard feeder; rearrange circuits in panelboard to balance 
phase loads to within 20 percent of each other. Maintain proper phasing for multi-wire branch circuits.

3.5 CLEANING

A. General Conditions:  Requirements for cleaning.

B. Clean existing panelboards to remain or to be reinstalled.

END OF SECTION 26 24 16
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26 27 16 CABINETS AND ENCLOSURES

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:
1. Hinged cover enclosures.
2. Cabinets.
3. Terminal blocks.
4. Accessories.

B. Related Requirements:
1. Section 26 05 26 - Grounding and Bonding for Electrical Systems.
2. Section 26 05 29 - Hangers and Supports for Electrical Systems.
3. Section 26 05 33 - Raceway and Boxes for Electrical Systems.

1.2 REFERENCE STANDARDS

A. National Electrical Manufacturers Association:
1. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum).
2. NEMA ICS 4 - Industrial Control and Systems: Terminal Blocks.

1.3 SUBMITTALS

A. General Conditions:  Submittal procedures.

B. Product Data: Submit manufacturer's standard data for enclosures, cabinets, and terminal blocks.

C. Manufacturer's Instructions: Submit application conditions and limitations of use stipulated by product testing 
agency specified under Regulatory Requirements. Include instructions for storage, handling, protection, 
examination, preparation, and installation of product.

D. Qualification Statements:
1. Submit fabricator and licensed professional experience qualifications.
2. Submit manufacturer's approval of fabricator.

1.4 MAINTENANCE MATERIAL SUBMITTALS

A. General Conditions:  Requirements for maintenance materials.

B. Extra Stock Materials:
1. Furnish two of each key.

1.5 QUALIFICATIONS

A. Manufacturer: Company specializing in manufacturing Products specified in this section with minimum three 
years documented experience.

PART 2 - PRODUCTS

2.1 HINGED COVER ENCLOSURES

A. Description: NEMA 250, Type 1 &3Rsteel stainless steel enclosure.
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1. Covers: Continuous hinge, held closed by latch operable by Key hasp and staple for padlock.
2. Furnish interior metal panel for mounting terminal blocks and electrical components; finish with white 

enamel.
3. Enclosure Finish: Manufacturer's standard enamel.

2.2 CABINETS

A. Description:
1. Boxes: Galvanized steel with removable end walls.
2. Box Size:24 inches (600 mm)] [[________] inches ([________] mm)] wide x [________] inches 

([________] mm) high x [6 inches (150 mm)] [[________] inches ([________] mm)] deep.
3. Backboard: Furnish 3/4 inch (19 mm) thick plywood backboard for mounting terminal blocks. Paint 

matte white.
4. Fronts: Steel, flush type with concealed trim clamps, door with concealed hinge, and flush lock keyed 

to match branch circuit panelboard.
5. Knockouts:

B. Fabrication
1. Furnish metal barriers to form separate compartments wiring of different systems and voltages.
2. Furnish accessory feet for free-standing equipment.

C. Finishes:
1. Finish with gray baked enamel.

2.3 TERMINAL BLOCKS

A. Description:
1. Terminal Blocks: NEMA ICS 4.
2. Power Terminals: Unit construction type with closed back and tubular pressure screw connectors, 

rated 600 volts.
3. Signal and Control Terminals: Modular construction type, suitable for channel mounting, with tubular 

pressure screw connectors, rated 300 volts.
4. Furnish ground bus terminal block, with each connector bonded to enclosure.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Install enclosures and boxes plumb. Anchor securely to wall and structural supports at each corner in 
accordance with Section 26 05 29.

B. Install cabinet fronts plumb.

3.2 CLEANING

A. General Conditions:  Final cleaning.

B. Clean existing cabinets and enclosures to remain or to be reinstalled.

C. Clean electrical parts to remove conductive and harmful materials.

D. Remove dirt and debris from enclosure.

E. Clean finishes and touch up damage.
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26 27 26 WIRING DEVICES

PART 1 - GENERAL

1.1 SUMMARY

A. Section includes wall switches; wall dimmers; wall and ceiling occupancy sensors; receptacles; multioutlet 
assembly; and device plates and decorative box covers.

B. Related Sections:
1. Section 26 05 33 - Raceway and Boxes for Electrical Systems: Outlet boxes for wiring devices.
2. Section 26 09 23 – Lighting Control Devices; Wall and ceiling occupancy sensors.

1.2 REFERENCES

A. National Electrical Manufacturers Association:
1. NEMA WD 1 - General Requirements for Wiring Devices.
2. NEMA WD 6 - Wiring Devices-Dimensional Requirements.

1.3 SUBMITTALS

A. General Conditions:  Submittal procedures.

B. Product Data: Submit manufacturer's catalog information showing dimensions, colors, and configurations.

1.4 QUALIFICATIONS

A. Manufacturer: Company specializing in manufacturing products specified in this section with minimum three 
years [documented] experience.

1.5 EXTRA MATERIALS

A. General Conditions:  Spare parts and maintenance products.

B. Furnish two of each style, size, or switch, receptacle type and finish wall plate.

PART 2 - PRODUCTS

2.1 WALL SWITCHES

A. Manufacturers:
1. Cooper Wiring Devices.
2. Harvey Hubbell, Inc.
3. Leviton Manufacturing Company.
4. P&S.
5. Substitutions: Not permitted.

B. Product Description: NEMA WD 1, Heavy-Duty,AC only general-use snap switch.

C. Body and Handle: Ivory plastic with toggle handle.

D. Voltage: 
1. 120 volts, AC.
2. Current: 20 amperes.
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2.2 WALL DIMMERS

A. Manufacturers:

B. Refer to lighting control line diagrams.
1. Eagle. 
2. Hubbell Wiring Devices. 
3. Leviton.
4. Lutron.
5. P&S.
6. Synergy Lighting Controls. 
7. Substitutions:  Not Permitted. 

C. Product Description: NEMA WD 1; Semiconductor dimmer for the following load types.
1. Dimmers shall provide full range, continuously variable control of light intensity.
2. Controls shall provide preset single pole, 3-way, or multi-location control from the dimmer location 

regardless of the position of the other 3-way switch location.
3. Ten-year operational life while operating continually at any temperature in an ambient temperature 

range of 0 degrees C (32 degrees F) to 40 degrees C (104 degrees F) and 90 percent non-condensing 
relative humidity.

4. Operate at the rated capacity across the full ambient temperature range including modified capacities 
for ganging configurations with require the removal of fins. 

5. Control should be designed to not interfere with audio, video, or radio equipment.
6. Utilize air gap off, activated when user selects “off” at any control to disconnect the load from line 

supply eliminating any leakage current.
7. Possess power failure memory such that if power is interrupted and subsequently returned, lights will 

automatically return to same levels (dimmed setting, full on, or off) prior to power interruption. 
8. Designed and tested with withstand electrostatic discharges up to 15,000 V without impairment per 

IEC 801-2.
9. Design and test dimmers to withstand line-side surges without impairment to performance when 

subjected to surges of 6,000 volts, 200 amps per ANSI/ IEEE C62.41C.
10. Capable of operating at the rated capacity; this includes modified capacities for ganging configurations 

which require the removal of fins.  Operation at rated capacity shall be possible across the full ambient 
temperature range, without shortening design lifetime. 

D. Load Specific Requirements:  Within rated capacity, dimmers shall be available for direct control of the 
following loads.
1. Incandescent:

a. Contain circuitry specifically designed to control incandescent and halogen loads.
b. Shall have a maximum output of no less than 95% of line voltage.

2. Dimming Compact Fluorescent Lamps (CFL):
a. Contain circuitry specifically designed to control dimmable self ballasted CFL loads.
b. Provide with lower dimming range adjustment.
c. Listed to UL 172.

3. Dimming LED Lamps:
a. Contain circuitry specifically designed to control dimmable self ballasted CFL loads.
b. Provide with lower dimming range adjustment.
c. Listed to UL 172.

4. Electronic Low Voltage (ELV):
a. Dimmers shall contain circuitry specifically designed to control the input of electronic solid 

state low voltage transformers. 
b. Shall have a maximum output of no less than 92% of line voltage.
c. Dimmers using standard phase control shall not be acceptable. 

5. Magnetic Low Voltage (MLV)
a. Dimmers shall contain circuitry specifically designed to control and provide a symmetrical AC 

waveform to input of magnetic low voltage transformers per UL1472.
b. Shall have a maximum output of no less than 95% of line voltage. 
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6. Electronic Flourescent dimming ballasts including 0-10V, Mark 10, Hi-Lume, and Eco10 (Eco Series) 
Techologies:
a. Shall provide direct control of fluorescent dimming ballasts up to the manufacturer’s specified 

rating.
b. Shall provide leads for connection based on dimming technology and manufacturer’s 

requirements. 
7. Neon and Cold Cathode Magnetic Ballasts:

a. Refer to Magnetic Low Voltage.
8. Fan Speed Control:

a. Fully Variable fan speed controls for paddle fans, ventilation fans and exhaust fans.
b. Quiet fan speed controls shall provide low-medium-high speeds settings and off.
c. Shall be listed to UL 1917.

9. Remote Dimming Modules:
a. Provide high power module and wall dimmer from a single manufacturer.
b. High power module listed to UL 508 for control of incandescent/ halogen, magnetic low 

voltage, electronic low voltage, fluorescent, and neon/cold cathode loads.  Provide high power 
modules as defined on project drawings.

E. Body and Handle: White Nylon or match existing with linear slide. 

F. Voltage: 120 or 277 volts.

G. Power Rating: Match load shown on drawings; 600 watts minimum.

H. Accessory Wall Switch: Match dimmer appearance.

2.3 OCCUPANCY SENSORS AND POWER PACKS

A. Occupancy Sensors

1. Ceiling sensors.
2. Wall sensors.
3. Dual technology sensors shall:

a. Either corner mounted or ceiling mounted in such a way as to minimize coverage in unwanted 
areas

b. Passive infrared and ultrasonic technologies for occupancy detection. Products that react to 
noise or ambient sound shall not be considered.

4. Ultrasonic sensors shall:
a. Utilize Advanced Signal Processing to adjust the detection threshold dynamically to 

compensate for constantly changing levels of activity and airflow throughout controlled space.
b. Have an ultrasonic operating frequency that is crystal controlled at 25 kHz within ± 0.005% 

tolerance, 32 kHz within ± 0.002% tolerance, or 40 kHz ± 0.002% tolerance to assure reliable 
performance and eliminate sensor cross-talk.  Sensors using multiple frequencies are not 
acceptable.

5. All sensors shall be capable of operating normally with electronic ballasts, PL lamp systems and rated 
motor loads.

6. Coverage of sensors shall remain constant after sensitivity control has been set.  No automatic 
reduction shall occur in coverage due to the cycling of air conditioner or heating fans.

7. All sensors shall have readily accessible, user adjustable settings for time delay and sensitivity. 
Settings shall be located on the sensor (not the control unit) and shall be recessed to limit tampering.

8. In the event of failure, a bypass manual override shall be provided on each sensor. When bypass is 
utilized, lighting shall remain on constantly or control shall divert to a wall switch until sensor is 
replaced.  This control shall be recessed to prevent tampering.

9. All sensors shall provide an LED as a visual means of indication at all times to verify that motion is 
being detected during both testing and normal operation.

B. Products
1. Wall Mounted Single Level Motion Sensor Switch.
2. Wall Mounted Bi-Level Motion Sensor Switch.
3. Ceiling Mounted Dual Technology Occupancy Sensor with Power Pack.
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C. Circuit Control Hardware – (Power Packs)
1. Control Units - For ease of mounting, installation and future service, control unit(s) shall be able to 

externally mount through a 1/2" knock-out on a standard electrical enclosure and be an integrated, 
self-contained unit consisting internally of an isolated load switching control relay and a transformer to 
provide low-voltage power.  Control unit shall provide power to a minimum of two (2) sensors.

2. Provide power packs as required.  Power Pack shall be installed in jbox.
3. Relay Contacts shall have ratings of:

a. 13A - 120 VAC Tungsten
b. 20A - 120 VAC Ballast
c. 20A - 277 VAC Ballast
d. 20A – 347 VAC Ballast

D. Control wiring between sensors and control units shall be Class II, 18-20 AWG, stranded U.L. Classified, PVC 
insulated or TEFLON jacketed cable suitable for use in plenums, where applicable.
1. Minimum acceptable wire gauge from the circuit control hardware relays shall be #14 AWG.

E. Mount switches and occupancy sensors as indicated on Drawings and by manufacturer’s requirements. 

CONTROL TYPE COMMISSIONING AND CALIBRATION

Occupancy sensors Ensure that the sensor is correctly placed and oriented 
per the specifications and/ or construction drawings.  If 
unanticipated obstructions are present, it may be 
necessary to adjust the sensor location and orientation.

Occupancy sensors Adjust the sensitivity and time delay of the occupancy 
sensor, and test to ensure it provides appropriate 
response.  For optimal user acceptance, energy 
savings and lamp life, set the time delay initially for a 
minimum of 15 minutes (NEMA recommendation).

Manual dimming Ensure correct placement of the dimmer per the 
construction drawings.  Adjust the upper limit of the 
dimming range according to the task being performed, 
and set the lower limit of the range so that the minimum 
light level meets the use/application of the space.

2.3 RECEPTACLES

A. Manufacturers:
1. Cooper Wiring Devices.
2. Harvey Hubbell, Inc.
3. Leviton Manufacturing Company.
4. P&S.
5. Substitutions: Not permitted.

B. Product Description: NEMA WD 1, Heavy-duty general use receptacle.

C. Device Body: White nylon.  Provide red device for receptacles on standby emergency power. 

D. Configuration: NEMA WD 6, type as indicated on Drawings.

E. Convenience Receptacle: Type 5-20.
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F. GFCI Receptacle: Convenience receptacle with integral ground fault circuit interrupter to meet regulatory 
requirements.

G. Isolated Ground Duplex – 20AMP.
1. Faceplate is orange nylon with “ISOLATED GROUND” printed in black.

2.4 WALL PLATES

A. Manufacturers:
1. Cooper Wiring Devices.
2. Harvey Hubbell, Inc.
3. Leviton Manufacturing Company.
4. P&S.
5. Substitutions:  Not permitted.

B. Decorative Cover Plate: White.  Provide red cover/plate for red receptacle unless noted otherwise.  

C. Jumbo Cover Plate: White. 

D. Weatherproof Cover Plate: Gasketed cast metal plate with hinged and gasketed device cover.  System shall 
be weatherproof while in use. 

E. Wall plates for devices in laboratories, kitchen areas, mechanical rooms, and other similar areas shall be 
beveled edge stainless steel plates, single or multi-gang as required by the outlet.  Wall plates for devices in 
surface boxes, unless specified otherwise, shall be beveled edge satin finish stainless steel plates, single or 
multi-gang as required by the outlet.  Blank plates shall be furnished and installed on all empty, blanked or 
unused outlets.  Device plates manufactured by device manufacturer where available.  Wall Plates shall be 
single and combination types that mate and match with corresponding devices. 

2.5 MODULAR RECEPTACLE

A. Manufacturers:
1. Cooper – Arrow Link.
2. Leviton – Lev-Lok.
3. Hubbel – SNAPConnect.
4. Legrand – PlugTail.
5. Substitutions:  Not Permitted.

B. Description:
Manufactured UL Assembly, 20Amp, 120V, heavy duty, locking type straight blade or twist on modular 
connector with or without pigtails.  

2.6 MULTIOUTLET ASSEMBLY

A. Manufacturers:
1. Cooper Wiring Devices.
2. Harvey Hubbell, Inc.
3. Leviton Manufacturing Company.
4. Wiremold. 
5. Substitutions: Not permitted.

B. Multi-outlet Assembly: Sheet metal channel with fitted cover, with pre-wired receptacles, suitable for use as 
multi-outlet assembly.

C. Size:  As indicated on Drawings.

D. Receptacles: Furnish covers and accessories to accept convenience receptacles specified in this Section.
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E. Receptacle Spacing:  As indicated on Drawings.

F. Receptacle Color:  To match convenience receptacles and switches. 

G. Channel Finish: As indicated on drawings. 

H. Fittings: Furnish manufacturer's standard couplings, elbows, [outlet and device boxes,] and connectors

PART 3 - EXECUTION

3.1 EXAMINATION

A. General Conditions: Coordination and project conditions.

B. Verify outlet boxes are installed at proper height.

C. Verify wall openings are neatly cut and completely covered by wall plates.

D. Verify branch circuit wiring installation is completed, tested, and ready for connection to wiring devices.

3.2 PREPARATION

A. Clean debris from outlet boxes.

3.3 INSTALLATION

A. Install devices plumb and level.

B. Install switches with OFF position down.

C. Install wall dimmers to achieve full rating specified and indicated after derating for ganging as instructed by 
manufacturer.

D. Do not share neutral conductor on load side of dimmers.

E. Install receptacles with grounding pole on bottom.

F. Connect wiring device grounding terminal to outlet box with bonding jumper and branch circuit equipment 
grounding conductor.

G. Install wall plates on flush mounted switches, receptacles, and blank outlets.

H. Install decorative plates on switch, receptacle, and blank outlets in finished areas.

I. Connect wiring devices by wrapping solid conductor around screw terminal. When stranded conductors are 
used in lieu of solid, use crimp on fork terminals for device terminations. Do not place bare stranded 
conductors directly under device screws.

J. Use jumbo size plates for outlets installed in masonry walls.

K. Install galvanized steel plates on outlet boxes and junction boxes in unfinished areas, above accessible 
ceilings, and on surface mounted outlets.

L. Match devices to plug connectors for Owner-furnished equipment.  Verify type, configuration, etc., prior to 
providing devices.  Including all such costs in bid submission. 
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3.4 INTERFACE WITH OTHER PRODUCTS

A. Coordinate locations of outlet boxes provided under Section 26 05 33 to obtain mounting heights [as specified 
and] as indicated on the architectural drawings.

B. Install wall switch 48 inches above finished floor.

C. Install convenience receptacle 18 inches above finished floor.

D. Install convenience receptacle 6 inches above back splash of counter.

E. Install dimmer 48 inches above finished floor.

F. Coordinate installation of wiring devices with underfloor raceway service fittings provided under Section 26 05 
39.

G. Coordinate installation of wiring devices with floor box service fittings provided under Section 26 05 34.

3.5 FIELD QUALITY CONTROL

A. General Conditions:  Field inspecting, testing, adjusting, and balancing.

B. Inspect each wiring device for defects.

C. Operate each wall switch with circuit energized and verify proper operation.

D. Verify each receptacle device is energized.

E. Test each receptacle device for proper polarity.

F. Test each GFCI receptacle device for proper operation.

3.6 ADJUSTING

A. General Conditions:  Testing, adjusting, and balancing.

B. Adjust devices and wall plates to be flush and level.

3.7 CLEANING

A. General Conditions:  Final cleaning.

B. Clean exposed surfaces to remove splatters and restore finish.

END OF SECTION 26 27 26
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26 60 00 ELECTRICAL SYSTEMS TESTING

PART 1 - GENERAL

1.1 GENERAL

A. The Contractor shall retain the services of an independent testing firm deemed by the Owner as qualified to 
perform International Electrical Testing Association (NETA) testing. Testing services shall be as described in 
this specification and shall be paid for and coordinated by the Contractor.

B. NETA testing procedures and requirements for tested values shall be in accordance with the most current 
edition of the NETA Acceptance Testing Specifications.

C. Any deficiencies or failures discovered during the NETA testing procedures shall be promptly corrected by the 
Contractor to ensure timely completion of the project and to minimize the time required for the independent 
testing firm to complete their work.

D. Independent testing firms shall be as listed below or approved equal.

1. Nat’l Field Services
2. Electrical Professional Consultants
3. Electrical Reliability Services | Vertiv

1.2 TEST REPORTS

A. Intermediate Test Reports

1. Intermediate test reports shall be issued by the independent testing firm immediately following each site 
visit. Intermediate test reports shall identify the general results of all field testing and field observations, 
and shall specifically identify any deficiencies, problems, or failures noted during the site visit.

2. Intermediate test reports shall be issued/distributed to the electrical subcontractor, the general contractor, 
the electrical engineer, and to the Owner. The intent of this direct communication and/or notification to 
multiple parties is to ensure the ‘independent’ function of the independent testing firm and to prevent such 
information from being delayed or filtered by processing it through the electrical subcontractor and/or the 
general contractor.

B. Final Test Report

1. Six copies of the final test report shall be issued by the independent testing firm following successful 
completion all required electrical systems testing. The final test report shall be typed, bound, and indexed, 
and shall include a cover page that identifies the project name, project location, and project number. The 
final test report shall include a separate section for each area of required testing (tests as summarized 
below).

a. Grounding Systems

b. Ground Fault Protection Systems

c. Circuit Breakers (Over 100 Amps)

d. Transformers (Dry Type)

e. Transformers (Liquid Filled)

f. Low Voltage Feeders (up to 600 Volts) Serving Loads of 100 Amps or Greater

g. Main Switchboard

h. Distribution Boards
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i. Branch Circuit Panelboards

j. Generator

k. Automatic Transfer Switches

l. Lighting Control System

m. Fire Alarm System

n. Medium Voltage Feeders (5 kV thru 35 kV)

1.3 TESTING REQUIREMENTS

A. Grounding Systems

1. The following grounding system testing shall be conducted on two separate occasions, once prior to 
initializing electrical power for construction activities, and once when all electrical systems have been 
finalized.

2. Perform fall-of-potential testing of the main grounding electrode or grounding system in accordance with 
IEEE Standard No. 81. If suitable locations for test rods are not available, a low resistance dead earth or 
reference ground shall be utilized.

3. Perform point-to-point testing to determine the resistance (bonding) between the main grounding system 
and all major electrical equipment frames, system neutral, and/or derived neutral points.

4. Measure system neutral-to-ground insulation resistance with the neutral disconnect link temporarily 
removed (replace neutral disconnect link after testing). This testing shall be performed at the origination 
point of all separately derived systems.

5. Provide NEC 250 ground to neutral short testing as final step.

6. This testing shall be performed at the origination point of all separately derived systems.

B. Ground Fault Protection Systems

1. Perform pickup tests utilizing primary injection. Verify that the relay does not operate at 90% of the pickup 
setting. Verify pickup is less than 125% of setting or 1200 amps (whichever is less).

2. On summation type systems utilizing phase and neutral current sensors verify correct polarities by 
applying current to each phase-neutral current transformer pair).

3. Measure time delay of the relay at 150% of pickup or greater by injecting current into the sensor. Total trip 
time shall be electronically monitored.

4. Verify that the reduced control voltage tripping capability is 55% of rated voltage for systems with external 
control power (reference UL-1053).

5. Test zone interlock systems by simultaneous sensor current injection and monitoring of zone blocking 
function.

C. Circuit Breakers (Over 100 Amps)

1. Test requirements apply to adjustable molded case, insulated case, and metal frame circuit breakers.

2. Measure contact resistance by millivolt drop method at rated current or by digital low resistance ohmmeter 
method.

3. Test insulation resistance from pole-to-pole and from pole-to-ground with breaker closed and across open 
contacts of each phase.

4. Adjust trip settings in accordance with coordination study.

5. Measure instantaneous pickup current by primary current injection.

6. Measure long-time pickup and delay by primary current injection.

7. Measure short-time pickup and delay by primary current injection.
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8. Verify trip unit reset operation.

D. Transformers (Dry Type)

1. Test insulation resistance winding-to-winding and winding-to-ground and calculate the polarization index.

2. Test turns ratio between windings for all tap positions. Verify that winding polarities match the transformer 
nameplate.

3. Measure resistance of each high voltage winding in each no-load tap-changer position. Also measure 
resistance of each low voltage winding in each load tap-changer position (when applicable).

E. Transformers (Liquid Filled)

1. Test insulation resistance winding-to-winding and winding-to-ground and calculate the polarization index.

2. Test turns ratio between windings for all tap positions.  Verify that winding polarities match the transformer 
nameplate.  

3. Measure resistance of each high voltage winding in each no-load tap-changer position. Also measure 
resistance of each low voltage winding in each load tap-changer position (when applicable).

4. Test dielectric absorption from winding-to-winding and winding-to-ground for ten minutes and calculate the 
polarization index.

5. Sample and test insulating oil in accordance with ASTM D-923.

a. Dielectric Strength  (ASTM D-877 or D-1816) 

b. Acid Neutralization Number  (ASTM D-974)

c. Interfacial Tension  (ASTM D-971 or D-2285)

d. Color   (ASTM D-1500)

e. Visual Condition  (ASTM D-1524)

f. Moisture Content  (ASTM D-1533)

g. Power Factor:  (ASTM D-924)

6. Sample insulating liquid in accordance with ASTM D-3613 and perform dissolved gas analysis (DGA) in 
accordance with ASTM D-3612 or ANSI/IEEE C-57.104. 

7. Measure the percentage of oxygen in the nitrogen gas blanket (if applicable).

F. Low Voltage Feeders (up to 600 Volts) Serving Loads of 100 Amps or Greater

1. Conduct megohm (Megger) testing of shield continuity resistance utilizing a megohmmeter.

2. Test insulation resistance phase-to-ground and phase-to-phase for one minute.

3. Test voltages shall be as recommended by the feeder manufacturer (or by NETA Acceptance Testing 
Specification).

G. Main Switchboard

1. Review cable testing report for each conductor.

2. Record all circuit breaker settings and very that each setting is in accordance with the coordination study.

3. Test and verify the accuracy of the load meter in each function and verify values can be seen on the 
campus control system.

4. Test and verify the operation of the shunt trip mechanism.

5. Inspect installation and functions of the surge suppression device and verify SPD lengths are as short as 
possible.

H. Distribution Boards

1. Review cable testing report for each conductor.

2. Record all circuit breaker settings and very that each setting is in accordance with the coordination study.
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3. Inspect installation and functions of the surge suppression device and verify SPD lengths are as short as 
possible.

I. Branch Circuit Panels

1. Review cable testing report for each conductor.

2. Record all circuit breaker settings and very that each setting is in accordance with the coordination study.

J. Generator

1. The Contractor shall provide resistive load bank(s) with associated controls as required to perform the 
specified load tests. During cold start testing the generator shall reach 90% of rated voltage and 90% of 
rated frequency within 10 seconds. During recovery testing the generator shall reach 90% of rated voltage 
and 90% rated frequency within three seconds (180 cycles) at site conditions. The generated voltage shall 
not drop below 85% of the rated voltage during any portion of the generator load testing (part or full load 
testing). See Division 26 specifications for additional generator testing requirements. Minimum load testing 
shall be as follows:

a. 25%, 50%, and 75% of rated load for 30 minutes each.

b. 100% of rated load for 3 hours.

c. Recovery test in a single step from no load to 100% of rated load. 

d. The voltage, frequency, load current, kW, oil pressure, coolant temperature, and the ambient air 
temperature shall be recorded during 15 minute intervals during the emergency generator test 
procedures.

e. Test and record the following items: gauges, battery charger, battery heater, block heater, emergency 
stop switch, coolant level alarm, high temperature alarm. 

f. With the generator running record sound levels in multiple directions and at multiple distances.

g. Test and verify the function of the shunt trip device.

h. All tested values shall be in accordance with the generator manufacturer’s published performance 
data.

i. Verify that the fuel tank if full after all testing is complete.

K. Automatic Transfer Switch

1. Test and record all functions are operational.

2. Perform a loss of power test to the building and verify all functions work properly.

3. Test and perform all by-pass functions.

4. Verify and record frequency and duration of generator exercising.

L. Lighting Control System

1. See Spec Section 260923 for additional information.

2. Test each device for on/off operation by local and remote control by DDC system.

3. Verify and record timed on/off settings.

4. Test all motion sensors and dual level switching in each room.

5. Test on/off function of all exterior lighting and verify time settings.

6. Verify that each lighting fixture is working properly.

7. Perform a 90 minute run test of all emergency lighting with the building power off. Verify all emergency 
lighting fixtures both interior and exterior are providing required lighting levels at 90 minutes.

M. Fire Alarm System

1. Test all functions of the system.
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2. Verify the function and address of each initiating and indicating device for supervisory, trouble and alarm 
signals. 

3. Test and verify interface with HVAC equipment and controls.

4. Perform a loss of power test.

5. Verify required certifications and tagging.

6. Test the auto-dialer for functionality.

7. Perform all tests in the presence of the Nevada State Fire Marshall (and Reno Fire Department if 
required).

N. Medium Voltage Feeders (5 kV thru 35 kV)

1. Conduct megohm (Megger) testing of shield continuity resistance utilizing a megohmmeter.

2. Test insulation resistance phase-to-ground and phase-to-phase for one minute.

3. Test voltages shall be as recommended by the feeder manufacturer (or by NETA Acceptance Testing 
Specification).

4. Conduct high-potential (Hi-Pot) testing per NETA Acceptance Testing Specification.  Test voltage shall be 
applied for a period of fifteen minutes.

5. When utilizing the dc test method the voltage decrement shall be tested by reducing the applied test 
voltage to zero and measuring the voltage decay during the test interval.

6. Apply grounds for a time period adequate to drain all insulation stored electrical charge.

7. Measure and record ambient temperature and relative humidity during test procedure.

END OF SECTION 26 60 00






