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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 

4 

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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A cautionary approach to paint removal is included in the guidelines to 'The Secretary of the Interior Standards for Historic Preservation 
Projects." Removing paints down to bare wood surfaces using harsh methods can permanently damage those surfaces; therefore such methods 
are not recommended . Also, total removal obliterates evidence of the historical paints and their sequence and architectural context. 

This Brief expands on that advice for the architect, build
ing manager, contractor, or homeowner by identifying 
and describing common types of paint surface conditions 
and failures, then recommending appropriate treatments 
for preparing exterior wood surfaces for repainting' to 
assure the best adhesion and greatest durability of the new 
paint. Although the Brief focuses on resp.Q.rlsible methods 
of "paint removal," several paint surface conditions will 
be described which do not require any paint removal, and 
still others which can be successfully handled by limited 
paint removal. In all cases, the information is intended to 
address the concerns related to exterior wood. It will also 
be generally assumed that, because houses built before 1950 
involve one or more layers of lead-base paint,2 the majori
ty of conditions warranting paint removal will mean deal
ing with this toxic substance along with the dangers of the 
paint removal tools and chemical strippers themselves. 

Purposes of Exterior Paint 
Paint3 applied to exterior wood must withstand yearly ex
tremes of both temperature and humidity. While never ex
pected to be more than a temporary physical shield
requiring re-application every 5-8 years-its importance 
should not be minimized. Because one of the main causes 
of wood deterioration is moisture penetration, a primary 
purpose for painting wood is to exclude such moisture, 
thereby slowing deterioration not only of a building's ex
terior siding and decorative features but, ultimately, its 
underlying structural members. Another important pur
pose for painting wood is, of course, to define and accent 
architectural features and to improve appearance. 

Treating Paint Problems in Historic Buildings 
Exterior paint is constantly deteriorating through the proc
esses of weathering, but in a program of regular mainte
nance-assuming all other building systems are function
ing properly-surfaces can be cleaned, lightly scraped, 
and hand sanded in preparation for a new finish coat. Un
fortunately, these are ideal conditions. More often, com
plex maintenance problems are inherited by owners of 

historic buildings, including areas of paint that have 
failed 4 beyond the point of mere cleaning, scraping, and 
hand sanding (although much so-called "paint failure" is 
attributable to interior or exterior moisture problems or 
surface preparation and application mistakes with 
previous coats). 

Although paint problems are by no means unique to 
historic buildings, treating multiple layers of hardened, 
brittle paint on complex, ornamental-and possibly 
fragile-exterior wood surfaces necessarily requires an ex
tremely cautious approach (see figure 1). In the case of re
cent construction, this level of concern is not needed 
because the wood is generally less detailed and, in addi
tion, retention of the sequence of paint layers as a partial 
record of the building's history is not an issue. 

When historic buildings are involved, however, a 
special set of problems arises-varying in complexity 
depending upon their age, architectural style, historical 
importance, and physical soundness of the wood-which 
must be carefully evaluated so that decisions can be made 
that are sensitive to the longevity of the resource. 

Justification for Paint Removal 
At the outset of this Brief, it must be emphasized that 
removing paint from historic buildings-with the excep
tion of cleaning, light scraping, and hand sanding as part 
of routine maintenance-should be avoided unless abso
lutely essential. Once conditions warranting removal have 

, General paint type recommendations will be made, but paint color recommenda
tions are beyond the scope of this Brief. 

l Douglas R. Shier and William Hall , Analysis of Housing Data Collected in a Lead
Based Paint Survey in Pittsburgh, Pennsylvania, Part 1, National Bureau of Stan
dards, Inter-Report 77-1250, May 1977. 

, Any pigmented liquid, liquefiable , or mastic composition designed for application 
to a substrate in a thin layer which is converted to an opaque solid film after ap
plication, Paint and Coatings Dictionary, 1978, Federation of Societies for Coat
ings and Technology. 

4 For purposes of the Brief, this includes any area of painted exterior woodwork 
displaying signs of peeling, cracking, or alligatoring to bare wood. See descrip
tions of these and other paint surface conditions as well as recommended treat
ments on pp . 5-10. 



Fig. 1 Excessive paint build-up on architectural details such as 
this ornamental bracket does not in itself justify total paint 
removal. If paint is cracked and peeling down to bare wood, 
however, it should be removed using the gentlest means possible. 
Photo: David W. Look, AlA. 

been identified, the general approach should be to remove 
paint to the next sound layer using the gentlest means 
possible, then to repaint (see figure 2). Practically speak
ing as well, paint can adhere just as effectively to existing 
paint as to bare wood, providing the previous coats of 
paint are also adhering uniformly and tightly to the wood 
and the surface is properly prepared for repainting
cleaned of dirt and chalk and dulled by sanding. But, if 
painted exterior wood surfaces display continuous patterns 
of deep cracks or if they are extensively blistering and 
peeling so that bare wood is visible, then the old paint 
should be completely removed before repainting. The only 
other justification for removing all previous layers of 
paint is if doors, shutters, or windows have literally been 
"painted shut," or if new wood is being pieced-in adjacent 
to old painted wood and a smooth transition is desired 
(see figure 3). 

Paint Removal Precautions 
Because paint removal is a difficult and painstaking proc
ess, a number of costly, regrettable experiences have oc
curred-and continue to occur-for both the historic 
building and the building owner. Historic buildings have 
been set on fire with blow torches; wood irreversibly 
scarred by sandblasting or by harsh mechanical devices 
such as rotary sanders and rotary wire strippers; and 
layers of historic paint inadvertently and unnecessarily 
removed. In addition, property owners, using techniques 
that substitute speed for safety, have been injured by toxic 
lead vapors or dust from the paint they were trying to 

2 

Fig. 2 A traditionally painted bay window has been stripped to 
bare wood, then varnished. In addition to being historically inac
curate, the varnish will break down faster as a result of the sun 's 
ultraviolet rays than would primer and finish coats of paint. 
Photo: David W. Look, AlA. 

Fig . 3 If damage to parts of a wooden element is severe, new 
sections of wood will need to be pieced-in. When such piecing is 
required, paint on the adjacent woodwork should be removed so 
that the old and new woods will make a smooth profile when 
joined. After repainting, the repair should be virtually impossible 
to detect. Photo: Morgan W. Phillips. 

remove or by misuse of the paint removers themselves. 
Owners of historic properties considering paint removal 

should also be aware of the amount of time and labor in
volved. While removing damaged layers of paint from a 
door or porch railing might be readily accomplished 
within a reasonable period of time by one or two people, 
removing paint from larger areas of a building can, with-



out professional assistance, easily become unmanageable 
and produce less than satisfactory results. The amount of 
work involved in any paint removal project must there
fore be analyzed on a case-by-case basis. Hiring qualified 
professionals will often be a cost-effective decision due to 
the expense of materials, the special equipment required, 
and the amount of time involved. Further, paint removal 
companies experienced in dealing with the inherent health 
and safety dangers of paint removal should have pur
chased such protective devices as are needed to mitigate 
any dangers and should also be aware of State or local en
vironmental and! or health regulations for hazardous 
waste disposal. 

All in all, paint removal is a messy, expensive, and 
potentially dangerous aspect of rehabilitating or restoring 
historic buildings and should not be undertaken without 
careful thought concerning first , its necessity, and second, 
which of the available recommended methods is the safest 
and most appropriate for the job at hand. 

Repainting Historic Buildings for Cosmetic 
Reasons 

If existing exterior paint on wood siding, eaves, window 
sills, sash, and shutters, doors, and decorative features 
shows no evidence of paint deterioration such as chalking, 
blistering, peeling, or cracking, then there is no physical 
reason to repaint, much less remove paint! Nor is color 
fading, of itself, sufficient justification to repaint a historic 
building. 

The decision to repaint may not be based altogether on 
paint failure. Where there is a new owner, or even where 
ownership has remained constant through the years, taste 
in colors often changes. Therefore, if repainting is 
primarily to alter a building's primary and accent colors, 
a technical factor of paint accumulation should be taken 
into consideration . When paint builds up to a thickness of 
approximately 1/16 " (approximately 16-30 layers), one or 
more extra coats of paint may be enough to trigger crack
ing and peeling in limited or even widespread areas of the 
building's surface. This results because excessively thick 
paint is less able to withstand the shrinkage or pull of an 
additional coat as it dries and is also less able to tolerate 
thermal stresses . Thick paint invariably fails at the 
weakest point of adhesion-the oldest layers next to the 
wood. Cracking and peeling follow . Therefore, if there 
are no signs of paint failure, it may be somewhat risky to 
add still another layer of unneeded paint simply for 
color's sake (extreme changes in color may also require 
more than one coat to provide proper hiding power and 
full color). When paint appears to be nearing the critical 
thickness, a change of accent colors (that is, just to 
limited portions of the trim) might be an acceptable com
promise without chancing cracking and peeling of paint 
on wooden siding. 

If the decision to repaint is nonetheless made, the "new" 
color or colors should, at a minimum, be appropriate to 
the style and setting of the building. On the other hand, 
where the intent is to restore or accurately reproduce the 
colors originally used or those from a significant period in 
the building's evolution, they should be based on the 
results of a paint analysis. 5 

Identification of Exterior Paint Surface 
Conditions/ Recommended Treatments 
It is assumed that a preliminary check will already have 
been made to determine, first, that the painted exterior 
surfaces are indeed wood-and not stucco, metal, or other 
wood substitutes-and second, that the wood has not 
decayed so that repainting would be superfluous. For ex
ample, if any area of bare wood such as window sills has 
been exposed for a long period of time to standing water, 
wood rot is a strong possibility (see figure 4). Repair or 
replacement of deteriorated wood should take place before 
repainting. After these two basic issues have been 
resolved, the surface condition identification process may 
commence. 

The historic building will undoubtedly exhibit a variety 
of exterior paint surface conditions. For example, paint on 
the wooden siding and doors may be adhering firmly; 
paint on the eaves peeling; and paint on the porch 
balusters and window sills cracking and alligatoring. The 
accurate identification of each paint problem is therefore 
the first step in planning an appropriate overall solution. 

Paint surface conditions can be grouped according to 
their relative severity: CLASS I conditions include minor 
blemishes or dirt collection and generally require no paint 
removal; CLASS II conditions include failure of the top 
layer or layers of paint and generally require limited paint 
removal; and CLASS III conditions include substantial or 
multiple-layer failure and generally require total paint 
removal. It is precisely because conditions will vary at dif
ferent points on the building that a careful inspection is 
critical. Each item of painted exterior woodwork (i.e., 
siding, doors, windows, eaves, shutters, and decorative 
elements) should be examined early in the planning phase 
and surface conditions noted. 

CLASS I Exterior Surface Conditions Generally Requiring 
No Paint Removal 

• Dirt, Soot, Pollution, Cobwebs, Insect Cocoons, etc. 

Cause of Condition 

Environmental "grime" or organic matter that tends to 
cling to painted exterior surfaces and, in particular, pro
tected surfaces such as eaves, do not constitute a paint 
problem unless painted over rather than removed prior to 
repainting. If not removed, the surface deposits can be a 
barrier to proper adhesion and cause peeling. 

Recommended Treatment 

Most surface matter can be loosened by a strong, direct 
stream of water from the nozzle of a garden hose. 
Stubborn dirt and soot will need to be scrubbed off using 
1fz cup of household detergent in a gallon of water with a 
medium soft bristle brush. The cleaned surface should 
then be rinsed thoroughly, and permitted to dry before 
further inspection to determine if repainting is necessary . 
Quite often, cleaning provides a satisfactory enough result 
to postpone repainting. 

, See the Reading List for paint research and documentation information. See also 
Tilt? Sl?cretary of tilt? Interior 's Standards for Historic Prt?ser..'atiotl Projects i.vitl, 
Guid,lilles for Applyillg the Stalldards for recommended approaches on paints 
and finishes within various types of project work treatments. 
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• Mildew 
Cause of Condition 

Mildew is caused by fungi feeding on nutrients 
contained in the paint film or on dirt adhering to any sur
face. Because moisture is the single most important factor 
in its growth, mildew tends to thrive in areas where 
dampness and lack of sunshine are problems such as 
window sills, under eaves, around gutters and down
spouts, on the north side of buildings, or in shaded areas 
near shrubbery. It may sometimes be difficult to distin
guish mildew from dirt, but there is a simple test to 
differentiate: if a drop of household bleach is placed on 
the suspected surface, mildew will immediately turn white 
whereas dirt will continue to look like dirt. 

Recommended Treatment 

Because mildew can only exist in shady, warm, moist 
areas, attention should be given to altering the environ
ment that is conducive to fungal growth. The area in 
question may be shaded by trees which need to be pruned 
back to allow sunlight to strike the building; or may lack 
rain gutters or proper drainage at the base of the building. 
If the shady or moist conditions can be altered, the mildew 
is less likely to reappear. A recommend solution for 
removing mildew consists of one cup non-ammoniated 
detergent, one quart household bleach, and one gallon 
water. When the surface is scrubbed with this solution 
using a medium soft brush, the mildew should disappear; 
however, for particularly stubborn spots, an additional 
quart of bleach may be added. After the area is mildew
free, it should then be rinsed with a direct stream of water 
from the nozzle of a garden hose, and permitted to dry 
thoroughly. When repainting, specially formulated 
"mildew-resistant" primer and finish coats should be used. 

• Excessive Chalking 
Cause of Condition 

Chalking-or powdering of the paint surface-is caused 
by the gradual disintegration of the resin in the paint film. 
(The amount of chalking is determined both by the for
mulation of the paint and the amount of ultraviolet light 
to which the paint is exposed.) In moderation, chalking is 
the ideal way for a paint to "age," because the chalk, 
when rinsed by rainwater, carries discoloration and dirt 
away with it and thus provides an ideal surface for 
repainting. In excess, however, it is not desirable because 
the chalk can wash down onto a surface of a different 
color beneath the painted area and cause streaking as well 
as rapid disintegration of the paint film itself. Also, if a 
paint contains too much pigment for the amount of binder 
(as the old white lead carbonate/oil paints often did), 
excessive chalking can result. 

Recommended Treatment 

The chalk should be cleaned off with a solution of 1/2 

cup household detergent to one gallon water, using a 
medium soft bristle brush. After scrubbing to remove the 
chalk, the surface should be rinsed with a direct stream of 
water from the nozzle of a garden hose, allowed to dry 
thoroughly, (but not long enough for the chalking process 
to recur) and repainted, using a non-chalking paint. 

• Staining 
Cause of Condition 

Staining of paint coatings usually results from excess 
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Fig. 4 Paint films wear unevenly depending on exposure and 
location . Exterior locations which are susceptible to accelerated 
deterioration are horizontal surfaces such as window sills. These 
and similar areas will require repainting more often than less 
vulnerable surfaces. In the case of this window sill where paint 
has peeled off and adjacent areas have cracked and alligatored, 
the paint should be totally removed. Prior to repainting, any 
weathered wood should be rejuvenated using a solution of 3 
cups exterior varnish, 1 oz. paraffin wax, and mineral spirits/ 
paint thinner/ or turpentine to make 1 gallon. Liberal brush ap
plication should be made. This formula was tested over a 
20-year period by the U.S. Department of Agriculture's Forest 
Products Laboratory and proved to be just as effective as water
repellent preservatives containing pentachlorophenol. After the 
surface has thoroughly dried (2-3 days of warm weather), the 
treated surface can be painted. A high quality oil-base primer 
followed by two top coats of a semi-gloss oil-enamel or latex
enamel paint is recommended. Photo: Baird M. Smith, AlA. 

moisture reacting with materials within the wood sub
strate. There are two common types of staining, neither of 
which requires paint removal. The most prevalent type of 
stain is due to the oxidation or rusting of iron nails or 
metal (iron, steel, or copper) anchorage devices. A second 
type of stain is caused by a chemical reaction between 
moisture and natural extractives in certain woods (red 
cedar or redwood) which results in a surface deposit of 
colored matter . This is most apt to occur in new replace
ment wood within the first 10-15 years . 

Recommended Treatment 

In both cases, the source of the stain should first be lo
cated and the moisture problem corrected. 

When stains are caused by rusting of the heads of nails 
used to attach shingles or siding to an exterior wall or by 
rusting or oxidizing iron, steel, or copper anchorage 
devices adjacent to a painted surface, the metal objects 
themselves should be hand sanded and coated with a rust
inhibitive primer followed by two finish coats. (Exposed 
nail heads should ideally be countersunk, spot primed, 
and the holes filled with a high quality wood filler except 
where exposure of the nail head was part of the original 
construction system or the wood is too fragile to with
stand the countersinking procedure.) 

Discoloration due to color extractives in replacement 
wood can usually be cleaned with a solution of equal 
parts denatured alcohol and water. After the affected atea 



has been rinsed and permitted to dry, a "stain-blocking 
primer" especially developed for preventing this type of 
stain should be applied (two primer coats are recommended 
for severe cases of bleeding prior to the finish coat) . Each 
primer coat should be allowed to dry at least 48 hours . 

CLASS II Exterior Surface Conditions Generally 
Requiring Limited Paint Removal 

• Crazing 
Cause of Condition 

Crazing-fine, jagged interconnected breaks in the top 
layer of paint-results when paint that is several layers 
thick becomes excessively hard and brittle with age and is 
consequently no longer able to expand and contract with 
the wood in response to changes in temperature and hu
midity (see figure 5). As the wood swells, the bond be
tween paint layers is broken and hairline cracks appear. 
Although somewhat more difficult to detect as opposed to 
other more obvious paint problems, it is well worth the 
time to scrutinize all surfaces for crazing. If not corrected, 
exterior moisture will enter the crazed surface, resulting in 
further swelling of the wood and, eventually, deep crack
ing and alligatoring, a Class III condition which requires 
total paint removal. 

Recommended Treatment 

Crazing can be treated by hand or mechanically sanding 
the surface, then repainting . Although the hairline cracks 
may tend to show through the new paint, the surface will 
be protected against exterior moisture penetration. 

/ 

coat can sometimes result since, upon aging, the oil paint 
becomes harder and less elastic than the latex paint. If 
latex paint is applied over old, chalking oil paint, peeling 
can also occur because the latex paint is unable to pene
trate the chalky surface and adhere. 

Recommended Treatment 

First, where salts or impurities have caused the peeling, 
the affected area should be washed down thoroughly after 
scraping, then wiped dry . Finally, the surface should be 
hand or mechanically sanded, then repainted. 

Where peeling was the result of using incompatible 
paints, the peeling top coat should be scraped and hand 
or mechanically sanded. Application of a high quality oil 
type exterior primer will provide a surface over which 
either an oil or a latex topcoat can be successfully used. 

fig. 6 Th is is an example of intercoat peeling. A latex top coat 
was applied directly over old oil paint and, as a result , the latex 
paint was unable to adhere. If latex is being used over oil, an ai/
base primer should be applied first. Although much of the peel
ing latex paint can be scraped off, in this case, the best so lution 
may be to chemically dip strip the entire shutter to remove all of 
the paint down to bare wood, rinse thoroughly , then repaint. 
Photo: Mary L. O ehrlein, AlA. 

Fig. 5 Crazing-or surface cracking-is an exterior surface condi-
tion which call be successfu lly treated by sanding and painting. • Solvent Blistering 
Photo: Courtesy, National Decorating Products Associatioll. Cause of Condition 

• Intercoat Peeling 

Cause of Condition 

Intercoat peeling can be the result of improper surface 
preparation prior to the last repainting. This most often 
occurs in protected areas such as eaves and covered 
porches because these surfaces do not receive a regular 
rinsing from rainfall , and salts from air-borne pollutants 
thus accumulate on the surface. If not cleaned off, the 
new paint coat will not adhere properly and that layer 
will peel. 

Another common cause of intercoat peeling is incom
patibility between paint types (see figure 6) . For example, 
if oil paint is applied over latex paint, peeling of the top 

Solvent blistering, the result of a less common applica
tion error, is not caused by moisture, but by the action of 
ambient heat on paint solvent or thinners in the paint 
film. If solvent-rich paint is applied in direct sunlight, the 
top surface can dry too quickly and, as a result, solvents 
become trapped beneath the dried paint film. When the 
solvent vaporizes, it forces its way through the paint film, 
resulting in surface blisters. This problem occurs more 
often with dark colored paints because darker colors ab
sorb more heat than lighter ones. To distinguish between 
solvent blistering and blistering caused by moisture, a 
blister should be cut open. If another layer of paint is visi
ble, then solvent blistering is likely the problem whereas if 
bare wood is revealed, moisture is probably to blame. 
Solvent blisters are generally small. 
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Recommended Treatment 

Solvent-blistered areas can be scraped, hand or mechan
ically sanded to the next sound layer, then repainted. In 
order to prevent blistering of painted surfaces, paint 
should not be applied in direct sunlight. 

• Wrinkling 

Cause of Condition 

Another error in application that can easily be avoided 
is wrinkling (see figure 7). This occurs when the top layer 
of paint dries before the layer underneath. The top layer 
of paint actually moves as the paint underneath (a primer, 
for example) is drying. Specific causes of wrinkling in
clude: (1) applying paint too thick; (2) applying a second 
coat before the first one dries; (3) inadequate brushing 
out; and (4)" painting in temperatures higher than recom
mended by the manufacturer. 

Recommended Treatment 

The wrinkled layer can be removed by scraping followed 
by hand or mechanical sanding to provide as even a sur
face as possible, then repainted following manufacturer's 
application instructions. 

Fig. 7 Wrinkled layers can generally be removed by scraping anc 
sanding as opposed to total paint removal. Following manufac
turers' application instructions is the best way to avoid this sur
face condition. Photo: Courtesy , National Decorating Products 
Association . 

CLASS III Exterior Surface Conditions Generally 
Requiring Total Paint Removal 

If surface conditions are such that the majority of paint will have to 
be removed prior to repainting, it is suggested that a small sample 
of intact paint be left in an inconspicuous area either by covering 
the area with a metal plate, or by marking the area and identifying 
it in some way. (When repainting does take place, the sample 
should not be painted over) . This will enable future investigators to 
have a record of the building's paint history. 

• Peeling 
Cause of Condition 

Peeling to bare wood is most often caused by excess in
terior or exterior moisture that collects behind the paint 
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film, thus impairing adhesion (see figure 8). Generally 
beginning as blisters, cracking and peeling occur as mois
ture causes the wood to swell , breaking the adhesion of 
the bottom layer. 

Recommended Treatment 

There is no sense in repainting before dealing with the 
moisture problems because new paint will simply fail. 
Therefore, the first step in treating peeling is to locate and 
remove the source or sources of the moisture, not only 
because moisture will jeopardize the protective coating of 
paint but because, if left unattended, it can ultimately 
cause permanent damage to the wood . Excess interior 
moisture should be removed from the building through in
stallation of exhaust fans and vents. Exterior moisture 
should be eliminated by correcting the following condi
tions prior to repainting : faulty flashing; leaking gutters; 
defective roof shingles; cracks and holes in siding and 
trim; deteriorated caulking in joints and seams; and 
shrubbery growing too close to painted wood . After the 
moisture problems have been solved, the wood must be 
permitted to dry out thoroughly . The damaged paint can 
then be scraped off with a putty knife , hand or mechani
cally sanded, primed, and repainted . 

Fig. 8 Peeling to bare w ood-one of the m ost common types of 
paint failure- is usually caused by an interior or exterior 
moisture problem. Photo: Anne E. Grimmer. 

• Cracking/ Alligatoring 
Cause of Condition 

Cracking and alligatoring are advanced stages of craz
ing (see figure 9). Once the bond between layers has been 
broken due to intercoat paint failure , exterior moisture is 
able to penetrate the surface cracks, causing the wood to 
swell and deeper cracking to take place . This process con
tinues until cracking, which forms parallel to grain , ex
tends to bare wood. Ultimately, the cracking becomes an 
overall pattern of horizontal and vertical breaks in the 
paint layers that looks like reptile skin; hence, "alligator
ing ." In advanced stages of cracking and alligatoring, the 
surfaces will also flake badly . 

Recommended Treatment 

If cracking and alligatoring are present only in the top 
layers they can probably be scraped, hand or mechanical
ly sanded to the next sound layer, then repainted. How
ever, if cracking and/ or alligatoring have progressed to 



bare wood and the paint has begun to flake, it will need 
to be totally removed. Methods include scraping or paint 
removal with the electric heat plate, electric heat gun, or 
chemical strippers, depending on the particular area in
volved. Bare wood should be primed within 48 hours, 
then repainted. 

... --
Fig. 9 Cracking, alligatoring, and flaking are evidence of long
term neglect of painted surfaces. The remaining paint on the 
clapboard shown here can be removed with an electric heat plate 
and wide-bladed scraper. In addition, unsound wood should be 
replaced and moisture problems corrected before primer and top 
coats of paint are applied. Photo: Dav id W. Look, AlA . 

Selecting the Appropriate/ Safest Method to 
Remove Paint . 

After having presented the "hierarchy" of exterior paint 
surface conditions-from a mild condition such as mildew
ing which simply requires cleaning prior to repainting to 
serious conditions such as peeling and alligatoring which 
require total paint removal-one important thought bears 
repeating: if a paint problem has been identified that war
rants either limited or total paint removal, the gentlest 
method possible for the particular wooden element of the 
historic building should be selected from the many avail
able methods. 

The treatments recommended-based upon field testing 
as well as onsite monitoring of Department of Interior 
grant-in-aid and certification of rehabilitation projects
are therefore those which take three over-riding issues into 
consideration (1) the continued protection and preserva
tion of the historic exterior woodwork; (2) the retention 
of the sequence of historic paint layers; and (3) the health 
and safety of those individuals performing the paint 
removal. By applying these criteria, it will be seen that no 
paint removal method is without its drawbacks and all 
recommendations are qualified in varying degrees. 

Methods for Removing Paint 

After a particular exterior paint surface condition has 
been identified, the next step in planning for repainting-if 
paint removal is required-is selecting an appropriate 
method for such removal. 

The method or methods selected should be suitable for 
the specific paint problem as well as the particular 
wooden element of the building. Methods for paint 
removal can be divided into three categories (frequently, 
however, a combination of the three methods is used) . 

Each method is defined below, then discussed further and 
specific recommendations made: 

Abrasive-"Abrading" the painted surface by manual 
and/or mechanical means such as scraping and sanding. 
Generally used for surface preparation and limited paint 
removal. 

Thermal-Softening and raising the paint layers by apply
ing heat followed by scraping and sanding. Generally used 
for total paint removal. 

Chemical-Softening of the paint layers with chemical 
strippers followed by scraping and sanding. Generally used 
for total paint removal. 

• Abrasive Methods (Manual) 

If conditions have been identified that require limited 
paint removal such as crazing, intercoat peeling, solvent 
blistering, and wrinkling, scraping and hand sanding 
should be the first methods employed before using 
mechanical means. Even in the case of more serious condi
tions such as peeling-where the damaged paint is weak 
and already sufficiently loosened from the wood surface
scraping and hand sanding may be all that is needed prior 
to repainting. 

Recommended Abrasive Methods (Manual) 

Putty Knife/ Paint Scraper: Scraping is usually accom
plished with either a putty knife or a paint scraper, or 
both. Putty knives range in width from one to six inches 
and have a beveled edge. A putty knife is used in a push
ing motion going under the paint and working from an 
area of loose paint toward the edge where the paint is still 
firmly adhered and, in effect, "beveling" the remaining 
layers so that as smooth a transition as possible is made 
between damaged and undamaged areas (see figure 10). 

Paint scrapers are commonly available in 1%6, 21/2, and 
3 lj2 inch widths and have replaceable blades. In addition, 
profiled scrapers can be made specifically for use on 
moldings. As opposed to the putty knife, the paint scraper 
is used in a pulling motion and works by raking the 
damaged areas of paint away. 

The obvious goal in using the putty knife or the paint 
scraper is to selectively remove the affected layer or layers 
of paint; however, both of these tools, particularly the 
paint scraper with its hooked edge, must be used with 
care to properly prepare the surface and to avoid gouging 
the wood. 

Sandpaper/ Sanding Block/ Sanding sponge: After manually 
removing the damaged layer or layers by scraping, the 
uneven surface (due to the almost inevitable removal of 
varying numbers of paint layers in a given area) will need 
to be smoothed or "feathered out" prior to repainting. As 
stated before, hand sanding, as opposed to harsher 
mechanical sanding, is recommended if the area is rela
tively limited. A coarse grit, open-coat flint sand
paper-the least expensive kind-is useful for this purpose 
because, as the sandpaper clogs with paint it must be 
discarded and this process repeated until all layers adhere 
uniformly. 

Blocks made of wood or hard rubber and covered with 
sandpaper are useful for handsanding flat surfaces. Sand
ing sponges-rectangular sponges with an abrasive aggre
gate on their surfaces-are also available for detail work 
that requires reaching into grooves because the sponge 
easily conforms to curves and irregular surfaces. All sand
ing should be done with the grain. 
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Summary of Abrasive Methods (Manual) 

Recommended: Putty knife, paint scraper, sandpaper, 
sanding block, sanding sponge. 
Applicable areas of building: All areas. 
For use on: Class 1, Class II, and Class III conditions. 
Health / Safety factors: Take precautions against lead dust, 
eye damage; dispose of lead paint residue properly. 

Fig. 10 An excellent example of inadequate scraping before re
painting, the problems here are far more than cosmetic. This im
properly prepared surface will permit moisture to get behind the 
paint film which, in turn , will resu lt in chipping and peeling. 
Photo: Baird M. Smith , AlA. 

• Abrasive Methods (Mechanical) 

If hand sanding for purposes of surface preparation has 
not been productive or if the affected area is too large to 
consider hand sanding by itself, mechanical abrasive 
methods, i.e. , power-operated tools may need to be 
employed; however, it should be noted that the majority 
of tools available for paint removal can cause damage to 
fragile wood and must be used with great care . 

Recommended Abrasive Methods (Mechanical) 

Orbital sander: Designed as a finishing or smoothing tool
not for the removal of multiple layers of paint-the 
oribital sander is thus recommended when limited paint 
removal is required prior to repainting. Because it sands 
in a small diameter circular motion (some models can also 
be switched to a back-and-forth vibrating action), this 
tool is particularly effective for "feathering" areas where 
paint has first been scraped (see figure 11) . The abrasive 
surface varies from about 3'X 7 inches to 4 X 9 inches and 
sandpaper is attached either by clamps or sliding clips. A 
medium grit, open-coat aluminum oxide sandpaper should 
be used; fine sandpaper clogs up 50 quickly that it is inef
fective for smoothing paint. 

Belt sander: A second type of power tool-the belt sander
can also be used for removing limited layers of paint but , 
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in this case, the abrasive surface is a continuous belt of 
sandpaper that travels at high speeds and consequently of
fers much less control than the orbital sander. Because of 
the potential for more damage to the paint or the wood, 
use of the belt sander (also with a medium grit sandpaper) 
should be limited to flat surfaces and only skilled 
operators should be permitted to operate it within a 
historic preservation project. 

Fig . 11 The orbital sander can be used for lilllited paint removal, 
i. e., for smoothing flat surfaces after the majority of deteriorated 
paint has already been scraped off. Ph oto : Charles E. Fisher, III. 

Not Recommended 

Rotary Drill Attachments: Rotary drill attachments such 
as the rotary sanding disc and the rotary wire stripper 
should be avoided. The disc sander-usually a disc of 
sandpaper about 5 inches in diameter secured to a rubber 
based attachment which is in turn connected to an electric 
drill or other motorized housing-can easily leave visible 
circular depressions in the wood which are difficult to 
hide , even with repainting. The rotary wire stripper-clus
ters of metals wires similarly attached to an electric drill
type unit-can actually shred a wooden surface and is 
thus to be used exclusively for removing corrosion and 
paint from metals. 

Waterblasting: Waterblasting above 600 p .s.i. to remove 
paint is not recommended because it can force water into 
the woodwork rather than cleaning loose paint and grime 
from the surface; at worst, high pressure waterblasting 
causes the water to penetrate exterior sheathing and 
damages interior finishes . A detergent solution, a medium 
soft bristle brush, and a garden hose for purposes of rins
ing, is the gentlest method involving water and is recom
mended when cleaning exterior surfaces prior to repaint
ing. 



Sandblasting: Finally-and undoubtedly most vehemently 
"not recommended" -sandblasting painted exterior wood
work will indeed remove paint, but at the same time can 
scar wooden elements beyond recognition . As with rotary 
wire strippers, sandblasting erodes the soft porous fibers 
(spring wood) faster than the hard, dense fibers (summer 
wood), leaving a pitted surface with ridges and valleys . 
Sandblasting will also erode projecting areas of carvings 
and moldings before it removes paint from concave areas 
(see figure 12). Hence, this abrasive method is potentially 
the most damaging of all possibilities, even if a contractor 
promises that blast pressure can be controlled so that the 
paint is removed without harming the historic exterior 
woodwork. (For Additional Information, See Presevation 
Briefs 6, "Dangers of Abrasive Cleaning to Historic Build
ings" .) 

Fig. 12 Salldblasting has permallently damaged this ornamental 
bracket. Evell paillt will not be able to hide the deep erosion of 
the wood. Photo: David W. Look, AlA. 

Summary of Abrasive Methods (Mechanical) 

Recommended: Orbital sander, belt sander (skilled opera
tor only). 
Applicable areas of building: Flat surfaces, i.e ., siding, 
eaves, doors, window sills. 
For use on: Class II and Class III conditions. 
Health / Safety factors: Take precautions against lead dust 
and eye damage; dispose of lead paint residue properly . 
Not Recommended: Rotary drill attachments, high 
pressure waterblasting, sandblasting. 

• Thermal Methods 

Where exterior surface conditions have been identified 
that warrant total paint removal such as peeling, crack
ing, or alligatoring, two thermal devices- the electric heat 
plate and the electric heat gun-have proven to be quite 
successful for use on different wooden elements of the 
historic building. One thermal method-the blow torch- is 
not recommended because it can scorch the wood or even 
burn the building down! 

Recommended Thermal Methods 

Electric heat plate: The electric heat plate (see figure 13) 
operates between 500 and 800 degrees Fahrenheit (not hot 
enough to vaporize lead paint), using about 15 amps of 
power . The plate is held close to the painted exterior sur
face until the layers of paint begin to soften and blister, 
then moved to an adjacent location on the wood while the 
softened paint is scraped off with a putty knife (it should 
be noted that the heat plate is most successful when the 
paint is very thick!). With practice, the operator can suc
cessfully move the heat plate evenly across a flat surface 
such as wooden siding or a window sill or door in a con
tinuous motion, thus lessening the risk of scorching the 
wood in an attempt to reheat the edge of the paint suffi
ciently for effective removal. Since the electric heat plate's 
coil is "red hot," extreme caution should be taken to 
avoid igniting clothing or burning the skin. If an extension 
cord is used, it should be a heavy-duty cord (with 3-prong 
grounded plugs) . A heat plate could overload a circuit or, 
even worse , cause an electrical fire; therefore, it is recom
mended that this implement be used with a single circuit 
and that a fire extinguisher always be kept close at hand . 

Fig. 13 The electric heat plate (with paint scraper) is particularly 
useful for removing paint down to bare wood on flat surfaces 
such as doors , window frames , and siding. After scraping, some 
light sanding w ill probably be necessary to smooth the surface 
prior to application of primer and top coats. Ph oto: David W. 
Look, A lA. 

Electric heat gun: The electric heat gun (electric hot-air 
gun) looks like a hand-held hairdryer with a heavy-duty 
metal case (see figure 14). It has an electrical resistance 
coil that typically heats between 500 and 750 degrees 
Fahrenheit and, again, uses about 15 amps of power 
which requires a heavy-duty extension cord. There are 
some heat guns that operate at higher temperatures but 
they should not be purchased for removing old paint 
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because of the danger of lead paint vapors. The tempera
ture is controlled by a vent on the side of the heat gun. 
When the vent is closed, the heat increases. A fan forces a 
stream of hot air against the painted woodwork, causing a 
blister to form. At that point, the softened paint can be 
peeled back with a putty knife. It can be used to best ad
vantage when a paneled door was originally varnished, 
then painted a number of times. In this case, the paint 
will come off quite easily, often leaving an almost pristine 
varnished surface behind. Like the heat plate, the heat gun 
works best on a heavy paint build-up. (It is, however, not 
very successful on only one or two layers of paint or on 
surfaces that have only been varnished. The varnish sim
ply becomes sticky and the wood scorches.) 

Although the heat gun is heavier and more tiring to use 
than the heat plate, it is particularly effective for remov
ing paint from detail work because the nozzle can be 
directed at curved and intricate surfaces. Its use is thus 
more limited than the heat plate, and most successfully 
used in conjunction with the heat plate. For example, it 
takes about two to three hours to strip a paneled door 
with a heat gun, but if used in combination with a heat 
plate for the large, flat area, the time can usually be cut in 
half. Although a heat gun seldom scorches wood, it can 
cause fires (like the blow torch) if aimed at the dusty 
cavity between the exterior sheathing and siding and in
terior lath and plaster. A fire may smolder for hours be
fore flames break through to the surface. Therefore, this 
thermal device is best suited for use on solid decorative 
elements, such as molding, balusters, fretwork, or "ginger
bread." 

Fig. 14 The nozzle on the electric heat gun permits hot air to be 
aimed into cavities on solid decorative elements such as this ap
plied column. After the paint has been sufficiently softened, it 
can be removed with a profiled scraper. Photo: Charles E. 
Fisher, III. 
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Not Recommended 

Blow Torch: Blow torches, such as hand-held propane or 
butane torches, were widely used in the past for paint 
removal because other thermal devices were not available. 
With this technique, the flame is directed toward the paint 
until it begins to bubble and loosen from the surface. 
Then the paint is scraped off with a putty knife. Although 
this is a relatively fast process, at temperatures between 
3200 and 3800 degrees Fahrenheit the open flame is not 
only capable of burning a careless operator and causing 
severe damage to eyes or skin, it can easily scorch or ig
nite the wood. The other fire hazard is more insidious. 
Most frame buildings have an air space between the ex
terior sheathing and siding and interior lath and plaster. 
This cavity usually has an accumulation of dust which is 
also easily ignited by the open flame of a blow torch. 
Finally, lead-base paints will vaporize at high tempera
tures, releasing toxic fumes that can be unknowingly in
haled. Therefore, because both the heat plate and the heat 
gun are generally safer to use-that is, the risks are much 
more controllable-the blow torch should definitely be 
avoided! 

Summary of Thermal Methods 

Recommended: Electric heat plate, electric heat gun. 
Applicable areas of building: Electric heat plate-flat sur
faces such as siding, eaves, sash, sills, doors. Electric heat 
gun-solid decorative molding, balusters, fretwork, or 
"gingerbread." 
For use on: Class III conditions. 
Health/Safety factors: Take precautions against eye 
damage and fire. Dispose of lead paint residue properly. 
Not Recommended: Blow torch. 

• Chemical Methods 
With the availability of effective thermal methods for 
total paint removal, the need for chemical methods-in 
the context of preparing historic exterior woodwork for 
repainting-becomes quite limited. Solvent-base or caustic 
strippers may, however, playa supplemental role in a 
number of situations, including: 

• Removing paint residue from intricate decorative 
features, or in cracks or hard to reach areas if a heat gun 
has not been completely effective; 

• Removing paint on window muntins because heat 
devices can easily break the glass; 

• Removing varnish on exterior doors after all layers of 
paint have been removed by a heat plate/heat gun if the 
original varnish finish is being restored; 

• Removing paint from detachable wooden elements 
such as exterior shutters, balusters, columns, and doors 
by dip-stripping when other methods are too laborious. 

Recommended Chemical Methods 
(Use With Extreme Caution) 

Because all chemical paint removers can involve potential 
health and safety hazards, no wholehearted recommenda
tions can be made from that standpoint. Commonly known 
as "paint removers" or "strippers," both solvent-base or 
caustic products are commercially available that, when 
poured, brushed, or sprayed on painted exterior wood
work are capable of softening several layers of paint at a 
time so that the resulting "sludge" -which should be 
remembered is nothing less than the sequence of historic 



paint layers-can be removed with a putty knife. 
Detachable wood elements such as exterior shutters can 
also be "dip-stripped." 

Solvent-base Strippers: The formulas tend to vary, but 
generally consist of combinations of organic solvents such 
as methylene chloride, isopropanol, toluol, xylol, and 
methanol; thickeners such as methyl cellulose; and various 
additives such as paraffin wax used to prevent the volatile 
solvents from evaporating before they have time to soak 
through multiple layers of paint. Thus, while some 
solvent-base strippers are quite thin and therefore un
suitable for use on vertical surfaces, others, called "semi
paste" strippers, are formulated for use on vertical sur
faces or the underside of horizontal surfaces. 

However, whether liquid or semi-paste, there are two 
important points to stress when using any solvent-base 
stripper: First, the vapors from the organic chemicals can 
be highly toxic if inhaled; skin contact is equally danger
ous because the solvents can be absorbed; second, many 
solvent-base strippers are flammable. Even though appli
cation out-of-doors may somewhat mitigate health and 
safety hazards, a respirator with special filters for organic 
solvents is recommended and, of course, solvent-base 
strippers should never be used around open flames, lighted 
cigarettes, or with steel wool around electrical outlets. 

Although appearing to be the simplest for exterior use, 
a particular type of solvent-base stripper needs to be men
tioned here because it can actually cause the most prob
lems. Known as "water-rinsable," such products have a 
high proportion of methylene chloride together with emul
sifiers. Although the dissolved paint can be rinsed off with 
water with a minimum of scraping, this ultimately creates 
more of a problem in cleaning up and properly disposing 
of the sludge. In addition, these strippers can leave a 
gummy residue on the wood that requires removal with 
solvents. Finally, water-rinsable strippers tend to raise the 
grain of the wood more than regular strippers. 

On balance, then, the regular strippers would seem to 
work just as well for exterior purposes and are perhaps 
even better from the standpoint of proper lead sludge 
disposal because they must be hand Scraped as opposed to 
rinsed off (a coffee-can with a wire stretched across the 
top is one effective way to collect the sludge; when the 
putty knife is run across the wire, the sludge simply falls 
into the can. Then, when the can is filled, the wire is 
removed, the can capped, and the lead paint sludge dis
posed of according to local health regulations). 

Caustic Strippers: Until the advent of solvent-base strip
pers, caustic strippers were used exclusively when a 
chemical method was deemed appropriate for total paint 
removal prior to repainting or refinishing. Now, it is more 
difficult to find commercially prepared caustic solutions in 
hardware and paint stores for home-owner use with the 
exception of lye (caustic soda) because solvent-base 
strippers packaged in small quantities tend to dominate 
the market. 

Most commercial dip stripping companies, however, 
continue to use variations of the caustic bath process 
because it is still the cheapest method available for remov
ing paint. Generally, dip stripping should be left to 
professional companies because caustic solutions can 
dissolve skin and permanently damage eyes as well as 
present serious disposal problems in large quantities . 

If exterior shutters or other detachable elements are be-

ing sent out6 for stripping in a caustic solution, it is wise 
to see samples of the company's finished work. While 
some companies do a first-rate job, others can leave a 
residue of paint in carvings and grooves. Wooden ele
ments may also be soaked too long so that the wood 
grain is raised and roughened, requiring extensive hand 
sanding later. In addition, assurances should be given by 
these companies that caustic paint removers will be 
neutralized with a mild acid solution or at least 
thoroughly rinsed with water after dipping (a caustic 
residue makes the wood feel slippery). If this is not done, 
the lye residue will cause new paint to fail. 

Summary of Chemical Methods 

Recommended, with extreme caution: Solvent-base strip
pers, caustic strippers. 
Applicable areas of buildings: decorative features, window 
muntins, doors, exterior shutters, columns, balusters, and 
railings. 
For use on: Class III Conditions. 
Health/Safety factors: Take precautions against inhaling 
toxic vapors; fire; eye damage; and chemical 'poisoning 
from skin contact. Dispose of lead residue properly 

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

If however, a latex top coat is going to be applied over 
several layers of old oil paint, an oil primer should be 
applied first (the oil primer creates a flat, porous surface 
to which the latex can adhere). After the primer has 
thoroughly dried, a latex top coat may be applied. In the 
long run, changing paint types is more time consuming 
and expensive. An application of a new oil-type top coat 
on the old oil paint is, thus, the preferred course of 
action. 

• Marking the original location of the shutter by number {either by stamping 
numbers into the end grain with metal numeral dies or cutting numbers into the 
end with a pen knife} will minimize difficulties when rehanging them. 

• If the top coat is latex paint {when viewed by the naked eye or, preferably, with 
a magnifying glass, it looks like a series of tiny craters} it may either be repainted 
with new latex paint or with oil paint. Normal surface preparation should precede 
any repainting. 
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If CLASS III conditions have necessitated total paint 
removal, there are two options, both of which assure pro
tection of the exterior wood: (1) an oil primer may be ap
plied followed by an oil-type top coat, preferably by the 
same manufacturer; or (2) an oil primer may be applied 
followed by a latex top coat, again using the same brand 
of paint. It should also be noted that primers were never 
intended to withstand the effects of weathering; therefore, 
the top coat should be applied as soon as possible after 
the primer has dried. 

Conclusion 
The recommendations outlined in this Brief are cautious 
because at present there is no completely safe and effec
tive method of removing old paint from exterior wood
work. This has necessarily eliminated descriptions of 
several methods still in a developmental or experimental 
stage, which can therefore neither be recommended nor 
precluded from future recommendation. With the ever
increasing number of buildings being rehabilitated, 
however, paint removal technology should be stimulated 
and, in consequence, existing methods refined and new 
methods developed which will respect both the historic 
wood and the health and safety of the operator. 
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The Secretary of the Interior's "Standards for Historic Preservation Projects" embody two important goals: 1) the preservation of 
historic materials and, 2) the preservation of a building's distinguishing character. Every old building is unique, with its own identity 
and its own distinctive character. Character refers to all those visual aspects and physical features that comprise the appearance of 
every historic building. Character-defining elements include the overall shape of the building, its materials, craftsmanship, decorative 
details, interior spaces and features, as well as the various aspects of its site and environment. 

The purpose of this Brief is to help the owner or the 
architect identify those features or elements that give 
the building its visual character and that should be taken 
into account in order to preserve them to the max
imum extent possible. 

There are different ways of understanding old 
buildings. They can be seen as examples of specific 
building types, which are usually related to a building's 
function, such as schools, courthouses or churches. 
Buildings can be studied as examples of using specific 
materials such as concrete, wood, steel, or limestone. 
They can also be considered as examples of an 
historical period, which is often related to a specific ar
chitectural style, such as Gothic Revival farmhouses, 
one-story bungalows, or Art Deco apartment buildings. 

There are many other facets of an historic building 
besides its functional type, its materials or construction 
or style that contribute to its historic qualities or 
significance. Some of these qualities are feelings con
veyed by the sense of time and place or in buildings 
associated with events or people. A complete 
understanding of any property may require documen
tary research about its style, construction, function, its 
furnishings or contents; knowledge about the original 
builder, owners, and later occupants; and knowledge 
about the evolutionary history of the building. Even 
though buildings may be of historic, rather than ar
chitectural significance, it is their tangible elements that 
embody its significance for association with specific 
events or persons and it is those tangible elements both 
on the exterior and interior that should be preserved. 

Therefore, the approach taken in this Brief is limited 
to identifying those visual and tangible aspects of the 
historic building. While this may aid in the planning 
process for carrying out any ongoing or new use or 
restoration of the building, this approach is not a 

substitute for developing an understanding about the 
significance of an historic building and the district in 
which it is located. 

If the various materials, features and spaces that give 
a building its visual character are not recognized and 
preserved, then essential aspects of its character may be 
damaged in the process of change. 

A building's character can be irreversibly damaged or 
changed in many ways, for example, by inappropriate 
repointing of the brickwork, by removal of a distinctive 
side porch, by changes to the window sash, by 
changes to the setting around the building, by changes 
to the major room arrangements, by the introduction of 
an atrium, by painting previously unpainted wood
work, etc. 

A Three-Step Process to Identify A 
Building's Visual Character 

This Brief outlines a three-step approach that can be 
used by anyone to identify those materials, features 
and spaces that contribute to the visual character of a 
building. This approach involves first examining the 
building from afar to understand its overall setting and 
architectural context; then moving up very close to ap
preciate its materials and the craftsmanship and surface 
finishes evident in these materials; and then going into 
and through the building to perceive those spaces, 
rooms and details that comprise its interior visual 
character. 

Step 1: Identify the Overall Visual Aspects 

Identifying the overall visual character of a building is 
nothing more than looking at its distinguishing physical 
aspects without focusing on its details. The major con
tributors to abuilding's overall character are embodied 



in the general aspects of its setting; the shape of the 
building; its roof and roof features, such as chimneys or 
cupolas; the various projectiolls on the building, such as 
porches or bay windows; the recesses or voids in a 
building, such as open galleries, arcades, or recessed 
balconies; the openillgs for windows and doorways; and 
finally the various exterior materials that contribute to 
the building's character. Step one involves looking at 
the building from a distance to understand the 
character of its site and setting, and it involves walking 
around the building where that is possible. Some 
buildings will have one or more sides that are more 
important than the others because they are more highly 
visible. This does not mean that the rear of the 
building is of no value whatever but it simply means 
that it is less important to the overall character. On the 
other hand, the rear may have an interesting back 
porch or offer a private garden space or some other 
aspect that may contribute to the visual character. Such 
a general approach to looking at the building and site 
will provide a better understanding of its overall 
character without having to resort to an infinitely long 
checklist of its possible features and details. Regardless 
of whether a building is complicated or relatively plain, 
it is these broad categories that contribute to an 
understanding of the overall character rather than the 
specifics of architectural features such as moldings and 
their profiles. 

Step 2: Identify the Visual Character at Close Range 

Step two involves looking at the building at close range 
or arm's length, where it is possible to see all the sur
face qualities of the materials, such as their-color and 
texture, or surface evidence of craftsmanship or age. In 
some instances, the visual character is the result of the 
juxtaposition of materials that are contrastingly different 
in their color and texture. The surface qualities of the 
materials may be important because they impart the 
very sense of craftsmanship and age that distinguishes 
historic buildings from other buildings. Furthermore, 
many of these close up qualities can be easily damaged 
or obscured by work that affects those surfaces. Ex
amples of this could include painting previously un
painted masonry, rotary disk sanding of smooth wood 
siding to remove paint, abrasive cleaning of tooled 
stonework, or repointing reddish mortar joints with 
gray portland cement. 

There is an almost infinite variety of surface 
materials, textures and finishes that are part of a 
building's character which are fragile and easily lost. 

Step 3: Identify the Visual Character of the Interior 
Spaces, Features and Finishes 

Perceiving the character of interior spaces can be 
somewhat more difficult than dealing with the exterior. 

In part, this is because so much of the exterior can be 
seen at one time and it is possible to grasp its essential 
character rather quickly. To understand the interior 
character, it is necessary to move through the spaces 
one at a time. While it is not difficult to perceive the 
character of one individual room, it becomes more dif
ficult to deal with spaces that are interconnected and 
interrelated. Sometimes, as in office buildings, it is the 
vestibules or lobbies or corridors that are important to 
the interior character of the building. With other groups 
of buildings the visual qualities of the interior are 
related to the plan of the building, as in a church with 
its axial plan creating a narrow tunnel-like space which 
obviously has a different character than an open space 
like a sports pavilion. Thus the shape of the space may 
be an essential part of its character. With some 
buildings it is possible to perceive that there is a visual 
linkage in a sequence of spaces, as in a hotel, from the 
lobby to the grand staircase to the ballroom. Closing off 
the openings between those spaces would change the 
character from visually linked spaces to a series of 
closed spaces. For example, in a house that has a front 
and back parlor linked with an open archway, the two 
rooms are perceived together, and this visual relation
ship is part of the character of the building. To close 
off the open archway would change the character of 
such a residence. 

The importance of interior features and finishes to 
the character of the building should not be overlooked. 
In relatively simple rooms, the primary visual aspects 
may be in features such as fireplace mantels, lighting 
fixtures or wooden floors. In some rooms, the absolute 
plainness is the character-defining aspect of the interior. 
So-called secondary spaces also may be important in 
their own way, from the standpoint of history or 
because of the family activities that occurred in those 
rooms. Such secondary spaces, while perhaps 
historically significant, are not usually perceived as im
portant to the visual character of the building. Thus we 
do not take them into account in the visual 
understanding of the building. 

Conclusion 

Using this three-step approach, it is possible to conduct 
a walk through and identify all those elements and 
features that help define the visual character of the 
building. In most cases, there are a number of aspects 
about the exterior and interior that are important to the 
character of an historic building. The visual emphasis of 
this brief will make it possible to ascertain those things 
that should be preserved because their loss or alteration 
would diminish or destroy aspects of the historic 
character whether on the outside, or on the inside of 
the building. 

For sale by the Superintendent of Documents, U.S. Government Printing Office 
Washington, D.C. 20402 
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Overall Visual Character: Shape 

The shape of a building can be an important aspect of its 
overall visual character. The building illustrated here, for ex
ample, has a distinctive horizontal box-like shape with the 
middle portion of the box projecting up an extra story. This 
building has other visual aspects that help define its overall 
character, including the pattern of vertical bands of win
dows, the decorative horizontal bands which separate the 
base of the building from the upper floors, the dark brown 
color of the brick, the large arched entranceway, and the 
castle-like tower behind the building. 

Overall Visual Character: Openings 

Window and door openings can be important to the overall 
visual character of historic buildings. This view shows only 
part of a much larger building, but the windows clearly help 
define its character, partly because of their shape and 
rhythm: the upper floor windows are grouped in a 4,3,4,1,4 
rhythm, and the lower floor windows are arranged in a 
regular 1,1,1, ... rhythm. The individual windows are tall, 
narrow and arched, and they are accented by the different 
colored arched heads, which are connected where there are 
multiple windows so that the color contrast is a part of its 
character. If additional windows were inserted in the gap of 
the upper floors, the character would be much changed, as 
it would if the window heads were painted to match the 
color of the brick walls. Photo by Susan 1. Dynes 

Overall Visual Character: Shape 

It should not be assumed that only large or unusual 
buildings have a shape that is distinctive or identifiable. The 
front wall of this modest commercial building has a simple 
three-part shape that is the controlling aspect of its overall 
visual character. It consists of a large center bay with a two 
story opening that combines the storefront and the windows 
above. The upward projecting parapet and the decorative 
stonework also relate to and emphasize its shape. The flank
ing narrow bays enframe the side windows and the small 
iron balconies, and the main entrance doorway into the 
store. Any changes to the center portion of this three-part 
shape, could drastically affect the visual character of this 
building. Photo by Emogene A. Bevitt 

Overall Visual Character: Openings 

The opening illustrated here dominates the visual character 
of this building because of its size, shape, location, materials, 
and craftsmanship. Because of its relation to the generous 
staircase, this opening places a strong emphasis on the prin
cipal entry to the building. Enclosing this arcade-like entry 
with glass, for example, would materially and visually 
change the character of the building. Photo by Lee H . 
Nelson. 

3 



Overall Visual Character: Roof and Related Features 

This building has a number of character-defining aspects 
which include the windows and the decorative stonework, 
but certainly the roof and its related features are visually im
portant to its overall visual character. The roof is not only 
highly visible, it has elaborate stone dormers, and it also has 
decorative metalwork and slatework. The red and black 
slates of differing sizes and shapes are laid in patterns that 
extend around the roof of this large and freestanding 
building. Any changes to this patterned slatework, or to the 
other roofing details would damage the visual character of 
the building. Photo by Laurie R. Hammel 

Overall Visual Character: Roof and Related Features 

On this building, the most important visual aspects of its 
character are the roof and its related features such as the 
dormers and chimneys. The roof is important to the visual 
character because its steepness makes it highly visible, and 
its prominence is reinforced by the patterned tinwork, the 
six dormers and the two chimneys. Changes to the roof or 
its features, such as removal or alterations to the dormers, 
for example, would certainly change the character of this 
building. This does not discount the importance of its other 
aspects, such. as the porch, the windows, the brickwork, or 
its setting; but the roof is clearly crucial to understanding the 
overall visual character of this building as seen from a 
distance. Photo by Lee H . Nelson 
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Overall Visual Character: Projections 

A projecting porch or balcony can be very important to the 
overall visual character of almost any building and to the 
district in which it is located. Despite the size of this 
building (3 1/2 stories), and its distinctive roofline profile, 
and despite the importance of the very large window open
ings, the lacy wrap-around iron balcony is singularly impor
tant to the visual character of this building. It would 
seriously affect the character to remove the balcony, to 
enclose it, or to replace it with a balcony lacking the same 
degree of detail of the original material. Photo by Baird M. 
Smith 



Overall Visual Character: Projections 

Since these are row houses, any evaluation of their visual 
exterior character is necessarily limited to the front and rear 
walls; and while there are a number of things competing for 
attention in the front, it is the half round projecting bays 
with their conical roofs that contribute most prominently to 
the visual character. Their removal would be a devastating 
loss to the overall character, but even if preserved, the 
character could be easily damaged by changes to their color 
(as seen in the left bay which has been painted a dark 
color), or changes to their windows, or changes to their tile 
roofs . Though these houses have other fine features that 
contribute to the visual character and are worthy of preser
vation, these half-round bays demonstrate the importance of 
projecting features on an already rich and complex facade . 
Because of the repetitive nature of these projecting bays on 
adjacent row houses, along with the buildings' size, scale, 
openings, and materials, they also contribute to the overall 
visual character of the streetscape in the historic district. Any 
evaluation of the visual character of such a building should 
take into account the context of this building within the 
district. Photo by Lee H . Nelson 

Overall Visual Character: Projections 

Many buildings have projecting features such as porches, 
bay windows, or overhanging roofs, that help define their 
overall visual character. This projecting porch because of its 
size and shape, and because it copies the pitch and material 
of the main roof, is an important contributor to the visual 
character of this simple farmhouse. The removal or alteration 
of this porch would drastically alter the character of this 
building. If the porch were enclosed with wood or glass, or 
if gingerbread brackets were added to the porch columns, if 
the tin roof was replaced with asphalt, or if the porch railing 
was opened to admit a center stairway, the overall visual 
character could be seriously damaged. Although this project
ing porch is an important feature, almost any other change 
to this house, such as changes to the window pattern, or 
changes to the main roof, or changes to the setting, would 
also change its visual character. Photo by Hugh C. Miller 

Overall Visual Character: Trim 

If one were to analyze the overall shape or form of this 
building, it would be seen that it is a gable-roofed house 
with dormers and a wrap-around porch. It is similar to 
many other houses of the period. It is the wooden trim on 
the eaves and around the porch that gives this building its 
own identify and its special visual character. Although such 
wooden trim is vulnerable to the elements, and must be 
kept painted to prevent deterioration; the loss of this trim 
would seriously damage the overall visual character of this 
building, and its loss would obliterate much of the close-up 
visual character so dependent upon craftsmanship for the 
moldings, carvings, and the see-through jigsaw work. Photo 
by Hugh C. Miller 
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Overall Visual Character: Setting 

In the process of identifying the overall visual character, the 
aspect of setting should not be overlooked. Obviously, the 
setting of urban row houses differs from that of a mansion 
with a designed landscape. However, there are many in
stances where the relationship between the building and its 
place on the streetscape, or its place in the rural environ
ment, in other words its setting, may be an important con
tributor to its overall character . 

In this instance, the comer tower and the arched entryway 
are important contributors to the visual character of the 
building itself, but there is also a relationship between the 
building and the two converging streets that is also an im
portant aspect of this historic building. The curb, sidewalk, 
fence, and the yard interrelate with each other to establish a 
setting that is essential to the overall visual character of the 
historic property. Removing these elements or replacing 
them with a driveway or parking court would destroy an 
important visual aspect. Photo by Lee H. Nelson 

Overall Visual Character: Setting 

Even architecturally modest buildings frequently will have a 
setting that contributes to their overall character. In this very 
urban district, set-backs are the exception, so that the small 
front yard is something of a luxury, and it is important to 
the overall character because of its design and materials, 
which include the iron fence along the sidewalk, the curved 
walk leading to the porch, and the various plantings. In a 
district where parking spaces are in great demand, such 
front yards are sometimes converted to off-street parking, 
but in this instance, that would essentially destroy its setting 
and would drastically change the visual character of this 
historic property. Photo by Lee H . Nelson 
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Overall Visual Character: Setting 

Among the various visual aspects relating to the setting of 
an historic property are such site features as gardens, walks, 
fences, etc. This can include their design and materials . 
There is a dramatic difference in the visual character be
tween these two fence constructions-one utilizing found 
materials with no particular regard to their uniformity of size 
or placement, and the other being a product of the machine 
age utilizing cast iron components assembled into a pattern 
of precision and regularity. If the corral fence were to be 
repaired or replaced with lumberyard materials its character 
would be dramatically compromised. The rhythm and 
regularity of the cast iron fence is so important to its visual 
character that its character could be altered by accidental 
damage or vandalism, if some of the fence top spikes were 
broken off thus interrupting the rhythm or pattern. Photos 
by Lee H . Nelson 



Arm's Length Visual Character: Materials 

At arm's length, the visual character is most often deter
mined by the surface qualities of the materials and crafts
manship; and while these aspects are often inextricably 
related, the original choice of materials often plays the domi
nant role in establishing the close-range character because of 
the color, texture, or shape of the materials. 

In this instance, the variety and arrangement of the 
materials is important in defining the visual character, start
ing with the large pieces of broken stone which form the 
projecting base for the building walls, then changing to a 
wall of roughly rectangular stones which vary in size, color, 
and texture, all with accentuated, projecting beads of mortar, 
then there is a rather precise and narrow band of cut and 
dressed stones with minimal mortar joints, and finally, the 
main building walls are composed of bricks, rather uniform 
in color, with fairly generous mortar joints. It is the jux
taposition and variety of these materials (and of course, the 
craftsmanship) that is very important to the visual character. 
Changing the raised mortar joints, for example, would 
drastically alter the character at arm's length. Photo by Lee 
H. Nelson 

Ann's Length Visual Character: Craft Details 

There are many instances where craft details dominate the 
arm's length visual character. As seen here, the craft details 
are especially noticeable because the stones are all of a 
uniform color, and they are all squared off, but their sur
faces were worked with differing tools and techniques to 
create a great variety of textures, resulting in a tour-de-force 
of craft details. This texture is very important at close range. 
It was a deliberately contrived surface that is an important 
contributor to the visual character of this building. Photo by 
Lee H. Nelson 

Arm's Length Visual Character: Craft Details 

The arm's length visual character of this building is a com
bination of the materials and the craft details. Most of the 
exterior walls of this building consist of early 20th century 
Roman brick, precisely made, unusually long bricks, in vary
ing shades of yellow-brown, with a noticeable surface spot
ting of dark iron pyrites. While this brick is an important 
contributor to the visual character, the related craft details 
are perhaps more important, and they consist of: unusually 
precise coursing of the bricks, almost as though they were 
laid up using a surveyor's level; a row of recessed bricks 
every ninth course, creating a shadow pattern on the wall; 
deeply recessed mortar joints, creating a secondary pattern 
of shadows; and a toothed effect where the bricks overlap 
each other at the corner of the building. The cumulative ef
fect of this artisanry is important to the arm's length visual 
character, and it is evident that it would be difficult to match 
if it were damaged, and the effect could be easily damaged 
through insensitive treatments such as painting the 
brickwork or by careless repointing. Photo by Lee H. Nelson 
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Arm's Length Visual Character: Craft Details 

On some buildings, there are subtle aspects of visual 
character that cannot be perceived from a distance . This is 
especially true of certain craft details that can be seen only 
at close range. On this building, it is easily understood that 
!he narrow, unpainted, and weathered clapboards are an 
Important aspect of its overall visual character; but at close 
rang: there are a. number of subtle but very important craft 
details that contnbute to the handmade quality of this 
building, and which clearly differentiate it from a building 
with machine sawn clapboards. The clapboards seen here 
were split by hand and the bottom edges were not dressed, 
so that the boards vary in width and thickness, and thus 
they giv~ a very uneven ~hadow pattern. Because they 
were splIt from oak that IS unpainted, there are occasional 
wa':'Y rays .in the wood that stand against the grain. Also 
notIceable IS the fact that the boards are of relatively short 
lengths, and that ~hey h~ve feath~r-edged ends that overlap 
each othe~, a detail tha~ IS very different from butted joints. 
The occasIOnal large nail heads and the differential silver
gray weathering add to the random quality of the clap
boards. All of these qualities contribute to the arm's length 
visual character. Photo by Lee H. Nelson 
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Arm's Length Visual Character: Craft Details 

While hand-split clapboards are distinctive visual elements 
~n their o~n way, machine-sawn and painted wood siding 
IS equally Important to the overall visual character in most 
other instances. At arm's length, however, the machine 
sawn siding may not be so distinctive; but there might be 
other details that add visual character to the wooden 
building, such as the details of wooden trim and louvered 
shutters around the windows (as seen here), or similar sur
face textures on other buildings, such as the saw marks on 
wall shingles, the joints in leaded glass, decorative tinwork 
on a rain conductor box, the rough surface of pebble-dash 
stuccowork, or the pebbly surface of exposed aggregate 
concrete. Such surfaces can only be seen at arm's length 
and they add to the visual character of a historic building. 
Photo by Hugh C. Miller 

Interior Visual Character: Individually Important Spaces 

In assessing the interior visual character of any historic 
building, it is necessary to ask whether there are spaces 
that are important to the character of this particular 
building, whether the building is architecturally rich or 
modest, or even if it is a simple or utilitarian structure. 
. The character .of the individually important space which is 
illustrated here IS a combination of its size, the twin curv
ing staircases, the massive columns and curving vaulted 
ceilings, in addition to the quality of the materials in the 
floor and in the stairs. If the ceiling were to be lowered to 
provide space for heating ducts, or if the stairways were to 
be enclosed for code reasons, the shape and character of 
this space .would be damaged, even if there was no perma
n:nt phySIcal damage. Such changes can easily destroy the 
vIsual ~h.ar~cter of an individually important interior space. 
Thus., It IS Important that the visual aspects of abuilding's 
mtenor character be recognized before planning any 
changes or alterations. Photo by National Portrait Gallery 



Interior Visual Character: Related Spaces 

Many buildings have interior spaces that are visually or 
physically related so that, as you move through them, they 
are perceived not as separate spaces, but as a sequence of 
related spaces that are important in defining the interior 
character of the building. The example which is illustrated 
here consists of three spaces that are visually linked to each 
other. 

The first of these spaces is the vestibule which is of a 
generous size and unusual in its own right, but more im
portant, it visually relates to the second space which is the 
main stairhall. 

The hallway is the circulation artery for the building, and 
leads both horizontally and vertically to other rooms and 
spaces, but especially to the open and inviting stairway. 

The stairway is the third part of this sequence of related 
spaces, and it provides continuing access to the upper 
floors. 

These related spaces are very important in defining the in
terior character of this building. Almost any change to these 
spaces, such as installing doors between the vestibule and 
the hallway, or enclosing the stair would seriously impact 
their character and the way that character is perceived . Top 
photo by Mel Chamowitz, others by John Tennant 

Interior Visual Character: Interior Features 

Interior features are three-dimensional building elements or 
architectural details that are an integral part of the building 
as opposed to furniture . Interior features are often impor
tant in defining the character of an individual room or 
space. In some instances, an interior feature, like a large 
and ornamental open stairway may dominate the visual 
character of an entire building. In other instances, a modest 
iron stairway (like the one illustrated here) may be an im
portant interior feature, and its preservation would be 
crucial to preserving the interior character of the building. 
Such features can also include the obvious things like 
fireplace mantles, plaster ceiling medallions, or panelling, 
but they also extend to features like hardware, lighting fix
tures, bank tellers cages, decorative elevator doors, etc . 
Photo by David W. Look 
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Interior Visual Character: Interior Features 

Modern heating or cooling devices usually add little to the 
interior character of a building; but historically, radiators, 
for instance, may have contributed to the interior character 
by virtue of their size or shape, or because of their specially 
designed bases, piping, and decorative grillage or 
enclosures. Sometimes they were painted with several col
ors to highlight their integral, cast-in details. In more recent 
times, it has been common to overpaint and conceal such 
distinctive aspects of earlier heating and plumbing devices, 
so that we seldom have the opportunity to realize how 
important they can be in defining the character of interior 
rooms and spaces. For that reason, it is important to iden
tify their character-defining potential, and consider their 
preservation, retention, or restoration. Photo by David W. 
Look 

Interior Visual Character: Surface Materials and Finishes 

When identifying the visual character of historic interior 
spaces one should not overlook the importance of those 
materials and finishes that comprise the surfaces of walls, 
floors and ceilings. The surfaces may have evidence of 
either hand-craft or machine-made products that are impor
tant contributors to the visual character, including patterned 
or inlaid designs in the wood flooring, decorative painting 
practices such as stenciling, imitation marble or wood grain, 
wallpapering, tinwork, tile floors, etc. 

The example illustrated here involves a combination of 
real marble at the base of the column, imitation marble pat
terns on the plaster surface of the column (a practice called 
scagliola), and a tile floor surface that uses small mosaic 
tiles arranged to form geometric designs in several different 
colors. While such decorative materials and finishes may be 
important in defining the interior visual character of this 
particular building, it should be remembered that in much 
more modest buildings, the plainness of surface materials 
and finishes may be an essential aspect of their historic 
character. Photo by Lee H. Nelson 
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Fragility of A Building's Visual Character 

Some aspects of a building's visual character are fragile and 
are easily lost. This is true of brickwork, for example, 
which can be irreversibly damaged with inappropriate 
cleaning techniques or by Insensitive repointing practices. 
At least two factors are important contributors to the visual 
character of brickwork, namely the brick itself and the 
craftsmanship. Between these, there are many more aspects 
worth noting, such as color range of bricks, size and shape 
variations, texture, bonding patterns, together with the 
many variable qualities of the mortar joints, such as color, 
width of joint and tooling. These qualities could be easily 
damaged by painting the brick, by raking out the joint with 
power tools, or rep ointing with a joint that is too wide. As 
seen here during the process of repointing, the visual 
character of this front wall is being dramatically changed 
from a wall where the bricks predominate, to a wall that is 
visually dominated by the mortar joints. Photo by Lee H. 
Nelson 
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The Architectural Character Checklist! Questionnaire 

Lee H. Nelson, FAIA 
National Park Service 

This checklist can be taken to the building and used to identify those aspects that give the building and setting its 
essential visual qualities and character. This checklist consists of a series of questions that are designed to help in 
identifying those things that contribute to a building's character. The use of this checklist involves the three-step 
process of looking for : 1) the overall visual aspects, 2) the visual character at close range, and 3) the visual 
character of interior spaces, features and finishes. 

Because this is a process to identify architectural character, it does not address those intangible qualities that give 
a property or building or its contents its historic significance, instead this checklist is organized on the assumption 
that historic significance is embodied in those tangible aspects that include the building's setting, its form and 
fabric. 

Step One 

1. Shape 
What is there about the form or shape of the building that 
gives the building its identity? Is the shape distinctive in 
relation to the neighboring buildings? Is it simply a low, 
squat box, or is it a tall, narrow building with a corner 
tower? Is the shape highly consistent with its neighbors? Is 
the shape so complicated because of wings, or ells, or dif
ferences in height, that its complexity is important to its 
character? Conversely, is the shape so simple or plain that 
adding a feature like a porch would change that character? 
Does the shape convey its historic function as in smoke 
stacks or silos? 

Notes on the Shape or Form of the Building: 

2. Roof and Roof Features 

Does the roof shape or its steep (or shallow) slope con
tribute to the building's character? Does the fact that the 
roof is highly visible (or not visible at all) contribute to the 
architectural identity of the building? Are certain roof 
features important to the profile of the building against the 
sky or its background, such as cupolas, multiple chimneys, 
dormers, cresting, or weathervanes? Are the roofing 
materials or their colors or their patterns (such as patterned 
slates) more noticeable than the shape or slope of the roof? 

Notes on the Roof and Roof Features: 

3. Openings 
Is there a rhythm or pattern to the arrangement of win
dows or other openings in the walls; like the rhythm of 
windows in a factory building, or a three-part window in 
the front bay of a house; or is there a noticeable relation
ship between the width of the window openings and the 
wall space between the window openings? Are there 
distinctive openings, like a large arched entranceway, or 
decorative window lintels that accentuate the importance of 
the window openings, or unusually shaped windows, or 
patterned window sash, like small panes of glass in the 
windows or doors, that are important to the character? Is 
the plainness of the window openings such that adding 
shutters or gingerbread trim would radically change its 
character? Is there a hierarchy of facades that make the 
front windows more important than the side windows? 
What about those walls where the absence of windows 
establishes its own character? 

Notes on the Openings: 

4. Projections 
Are there parts of the building that are character-defining 
because they project from the walls of the building like 
porches, cornices, bay windows, or balconies? Are there 
turrets, or widely overhanging eaves, projecting pediments 
or chimneys? 

Notes on the Projections: 

5. Trim and Secondary Features 
Does the trim around the windows or doors contribute to 
the character of the building? Is there other trim on the 
walls or around the projections that, because of its decora
tion or color or patterning contributes to the character of 
the building? Are there secondary features such as shutters, 
decorative gables, railings, or exterior wall panels? 

Notes on the Trim and Secondary Features: 

6. Materials 
Do the materials or combination of materials contribute to 
the overall character of the building as seen from a distance 
because of their color or patterning, such as broken faced 
stone, scalloped wall shingling, rounded rock foundation 
walls, boards and battens, or textured stucco? 

Notes on the Materials: 

7. Setting 
What are the aspects of the setting that are important to 
the visual character? For example, is the alignment of 
buildings along a city street and their relationship to the 
sidewalk the essential aspect of its setting? Or, conversely, 
is the essential character dependent upon the tree plantings 
and out buildings which surround the farmhouse? Is the 
front yard important to the setting of the modest house? Is 
the specific site important to the setting such as being on a 
hilltop, along a river, or, is the building placed on the site 
in such a way to enhance its setting? Is there a special rela
tionship to the adjoining streets and other buildings? Is 
there a view? Is there fencing, planting, terracing, 
walkways or any other landscape aspects that contribute to 
the setting? 

Notes on the Setting: 

11 



12 

Step Two 

8. Materials at Close Range 
Are there one or more materials that have an inherent tex
ture that contributes to the close range character, such as 
stucco, exposed aggregate concrete, or brick textured with 
vertical grooves? Or materials with inherent colors such as 
smooth orange-colored brick with dark spots of iron 
pyrites, or prominently veined stone, or green serpentine 
stone? Are there combinations of materials, used in jux
taposition, such as several different kinds of stone, com
binations of stone and brick, dressed stones for window 
lintels used in conjunction with rough stones for the wall? 
Has the choice of materials or the combinations of materials 
contributed to the character? 

Notes on the Materials at Close Range: 

9. Craft Details 
Is there high quality brickwork with narrow mortar joints? 
Is there hand-tooled or patterned stonework? Do the walls 
exhibit carefully struck vertical mortar joints and recessed 
horizontal joints? Is the wall shinglework laid up in pat
terns or does it retain evidence of the circular saw marks or 
can the grain of the wood be seen through the semi
transparent stain? Are there hand split or hand-dressed 
clapboards, or machine smooth beveled siding, or wood 
rusticated to look like stone, or Art Deco zigzag designs ex
ecuted in stucco? 

Almost any evidence of craft details, whether handmade 
or machinemade, will contribute to the character of a 
building because it is a manifestation of the materials, of 
the times in which the work was done, and of the tools 
and processes that were used. It further reflects the effects 
of time, of maintenance (and/or neglect) that the building 
has received over the years. All of these aspects are a part 
of the surface qualities that are seen only at close range. 

Notes on the Craft Details: 

Step Three 

10. Individual Spaces 
Are there individual rooms or spaces that are important to 
this building because of their size, height, proportion, con
figuration, or function, like the center hallway in a house, 
or the bank lobby, or the school auditorium, or the 
ballroom in a hotel, or a courtroom in a county courthouse? 

Notes on the Individual Spaces: 

11. Related Spaces and Sequences of Spaces 

Are there adjoining rooms that are visually and physically 
related with large doorways or open archways so that they 
are perceived as related rooms as opposed to separate 
rooms? Is there an important sequence of spaces that are 
related to each other, such as the sequence from the entry 
way to the lobby to the stairway and to the upper balcony 
as in a theatre; or the sequence in a residence from the en
try vestibule to the hallway to the front parlor, and on 
through the sliding doors to the back parlor; or the se
quence in an office building from the entry vestibule to the 
lobby to the bank of elevators? 

Notes on the Related Spaces and Sequences of Spaces: 

12. Interior Features 
Are there interior features that help define the character of 
the building, such as fireplace mantels, stairways and 
balustrades, arched openings, interior shutters, inglenooks, 
cornices, ceiling medallions, light fixtures , balconies, doors, 

windows, hardware, wainscotting, panelling, trim, church 
pews, courtroom bars, teller cages, waiting room benches? 

Notes on the Interior Features: 

13. Surface Finishes and Materials 

Are there surface finishes and materials that can affect the 
design, the color or the texture of the interior? Are there 
materials and finishes or craft practices that contribute to 
the interior character, such as wooden parquet floors, 
checkerboard marble floors, pressed metal ceilings, fine 
hardwoods, grained doors or marblized surfaces, or 
polychrome painted surfaces, or stencilling, or wallpaper 
that is important to the historic character? Are there surface 
finishes and materials that, because of their plainness, are 
imparting the essential character of the interior such as 
hard or bright, shiny wall surfaces of plaster or glass or 
metal? 

Notes on the Surface Finishes and Materials: 

14. Exposed Structure 

Are there spaces where the exposed structural elements 
define the interior character such as the exposed posts, 
beams, and trusses in a church or train shed or factory? 
Are there rooms with decorative ceiling beams (non
structural) in bungalows, or exposed vigas in adobe 
buildings? 

Notes on the Exposed Structure: 

This concludes the three-step process of identifying 
the visual aspects of historic buildings and is in
tended as an aid in preserving their character and 
other distinguishing qualities. It is not intended as a 
means of understanding the significance of historical 
properties or districts, nor of the events or people 
associated with them. That can only be done through 
other kinds of research and investigation. 

This Preservation Brief was originally developed as a slide 
talk/methodology in 1982 to discuss the use of the Secretary 
of the Interior's Standards for Rehabilitation in relation to 
preserving historic character; and it was amplified and 
modified in succeeding years to help guide preservation 
decision making, initially for maintenance personnel in the 
National Park Service. A number of people contributed to 
the evolution of the ideas presented here. Special thanks go 
to Emogene Bevitt and Gary Hume, primarily for the many 
and frequent discussions relating to this approach in its 
evolutionary stages; to Mark Fram, Ontario Heritage Foun
dation, Toronto, for suggesting several additions to the 
Checklist; and more recently, to my co-workers, both in 
Washington and in our regional offices, especially Ward 
Jandl, Sara Blumenthal, Charles Fisher, Sharon Park, AlA, 
Jean Travers, Camille Martone, Susan Dynes, Michael 
Auer, Anne Grimmer, Kay Weeks, Betsy Chittenden, 
Patrick Andrus, Carol Shull, Hugh Miller, FAIA, Jerry 
Rogers, Paul Alley, David Look, AlA, Margaret Pepin
Donat, Bonnie Halda, Keith Everett, Thomas Keohan, the 
Preservation Services Division, Mid-Atlantic Region, and 
several reviewers in state preservation offices, espeCially 
Ann Haaker, Illinois; and Stan Graves, AlA, Texas; for pro
viding very critical and constructive review of the 
manuscript. 

This publication has been prepared pursuant to the Na
tional Historic Preservation Act of 1966, as amended. Com
ments on the usefulness of this information are welcomed 
and can be sent to Mr. Nelson, Preservation Assistance 
Division, National Park Service, U.S. Department of the In
terior, P.O. Box 37127, Washington, D.C. 20013-7127. This 
publication is not copyrighted and can be reproduced 
without penalty. Normal procedures for credit to the author 
and the National Park Service are appreciated. 
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The preservation of cast-iron architectural elements, 
including entire facades, has gained increasing attention in 
recent years as commercial districts are recognized for their 
historic significance and revitalized. This Brief provides 
general guidance on approaches to the preservation and 
restoration of historic cast iron. 

Cast iron played a preeminent role in the industrial 
development of our country during the 19th century. Cast
iron machinery filled America's factories and made possible 
the growth of railroad transportation. Cast iron was used 
extensively in our cities for water systems and street 
lighting. As an architectural metal, it made possible bold 
new advances in architectural designs and building 
technology, while providing a richness in ornamentation 
(Fig. 1). 

This age-old metal, an iron alloy with a high carbon content, 
had been too costly to make in large quantities until the 
mid-18th century, when new furnace technology in England 
made it more economical for use in construction. Known 
for its great strength in compression, cast iron in the form of 
slender, non-flammable pillars, was introduced in the 1790s 
in English cotton mills, where fires were endemic. In the 
United States, similar thin columns were first employed in 
the 1820s in theaters and churches to support balconies. 

By the mid-1820s, one-story iron storefronts were being 
advertised in New York City. Daniel Badger, the Boston 
foundryman who later moved to New York, asserted that in 
1842 he fabricated and installed the first rolling iron 
shutters for iron storefronts, which provided protection 
against theft and external fire. In the years ahead, and into 
the 1920s, the practical cast-iron storefront would become a 
favorite in towns and cities from coast to coast. Not only 
did it help support the load of the upper floors, but it 
provided large show windows for the display of wares and 
allowed natural light to flood the interiors of the shops. 
Most importantly, cast-iron storefronts were inexpensive to 
assemble, requiring little on-site labor. 

A tireless advocate for the use of cast iron in buildings was 
an inventive New Yorker, the self-taught architect/engineer 

In Cooperation with the 
New York Landmarks Conservancy 

James Bogardus. From 1840 on, Bogardus extolled its 
virtues of strength, structural stability, durability, relative 
lightness, ability to be cast in almost any shape and, above 
all, the fire-resistant qualities so sought after in an age of 
serious urban conflagrations. He also stressed that the 
foundry casting processes, by which cast iron was made 
into building elements, were thoroughly compatible with 
the new concepts of prefabrication, mass production, and 
use of identical interchangeable parts. 

Fig. 1. The Haughwout Building in New York City is all excellent 
example of the quality and character of mass-produced cast-iron 
architecture. On.ce wood patterns were made, any number of elements 
could be cast, as was done with each of these repetitive bays. Photo: 
New York City Landmarks Preservation Commission. 
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In 1849 Bogardus created something uniquely American 
when he erected the first structure with self-supporting, 
multi-storied exterior walls of iron. Known as the Edgar 
Laing Stores, this corner row of small four-story 
warehouses that looked like one building was constructed 
in lower Manhattan in only two months. Its rear, side, and 
interior bearing walls were of brick; the floor framing 
consisted of timber joists and girders. One of the cast-iron 
walls was load-bearing, supporting the wood floor joists. 
The innovation was its two street facades of self-supporting 
cast iron, consisting of multiples of only a few pieces
Doric-style engaged columns, panels, sills, and plates, along 
with some applied ornaments (cover photo and Fig. 2). 
Each component of the facades had been cast individually 
in a sand mold in a foundry, machined smooth, tested for 
fit, and finally trundled on horse-drawn drays to the 
building site. There they were hoisted into position, then 
bolted together and fastened to the conventional structure 
of timber and brick with iron spikes and straps (Fig. 3). 

The second iron-front building erected was a quantum leap 
beyond the Laing Stores in size and complexity. Begun in 
April 1850 by Bogardus, with architect Robert Hatfield, the 
five-story Sun newspaper building in Baltimore was both 
cast-iron-fronted and cast-iron-framed. In Philadelphia, 

Fig. 2. The Edgar Lazng zn New was t1eS:lqm~t1 
by James Bogardus. It was the first building constructed with facades 
of self-supporting cast iron. This corner view shows the Doric-style 
engaged columns, panels, and spandrel beams; the loss of most of the 
original ornamental castings give it an austere look. As part of an 
urban renewal project, the facades were carefully disassembled in 1971 
for later re-erection in another location-only to have its iron parts 
stolen for scrap. Photo: Jack E. Boucher, HABS Collection. 

several ironfronts were begun in 1850: The Inquirer 
Building, the Brock Stores, and the Penn Mutual Building 
(all three have been demolished). The St. Charles Hotel of 
1851 at 60 N. Third Street is the oldest ironfront in America. 
Framing with cast-iron columns and wrought-iron beams 
and trusses was visible on a vast scale in the New York 
Crystal Palace of 1853. 

In the second half of the 19th century, the United States was 
in an era of tremendous economic and territorial growth. 
The use of iron in commercial and public buildings spread 
rapidly, and hundreds of iron-fronted buildings were 
erected in cities across the country from 1849 to beyond the 
turn of the century. Outstanding examples of ironfronts 
exist in Baltimore, Galveston, Louisville, Milwaukee, New 
Orleans, Philadelphia, Richmond, Rochester (N.Y.), and 
especially New York City where the SoHo Cast Iron 
Historic District alone has 139 iron-fronted buildings 
(Fig. 1). Regrettably, a large proportion of ironfronts 
nationwide have been demolished in downtown 
redevelopment projects, especially since World War II. 
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Fig. 3. Section drawing through the wall of Edgar Laing Stores showing 
how the cast-iron facade components were anchored to the wood floor and 
roof framing members. Drawing: John G. Waite, HABS Collection. 



Fig. 4. The 1904 grand stairway of the former Frear's department 
store in Troy, N.Y. was constructed of cast iron, as was the frame of 
the skylight above. Some ornamental wrought iron was also 
employed. This use of iron was typical in major commercial bllildings 
constructed throughout the United States. Courtesy: Rensselaer 
Cou nty Historical Society. 

In addition to these exterior uses, many public buildings 
display magnificent exposed interior ironwork, at once 
ornamental and structural (Fig. 4). Remarkable examples 
have survived across the country, including the Peabody 
Library in Baltimore; the Old Executive Office Building in 
Washington, D.C.; the Bradbury Building in Los Angeles; 
the former Louisiana State Capitol; the former City Hall in 
Richmond; Tweed Courthouse in New York; and the state 
capitols of California, Georgia, Michigan, Tennessee, and 
Texas. And it is iron, of course, that forms the great dome 
of the United States Capitol, completed during the Civil 
War. Ornamental cast iron was a popular material in the 
landscape as well, appearing as fences, fountains with 
statuary, lampposts, furniture, urns, gazebos, gates, and 
enclosures for cemetery plots (Fig. 5). With such 
widespread demand, many American foundries that had 
been casting machine parts, bank safes, iron pipe, or 
cookstoves added architectural iron departments (Fig. 6). 
These called for patternmakers with sophisticated design 
capabilities, as well as knowledge of metal shrinkage and 
other technical aspects of casting. Major companies 
included the Hayward Bartlett Co. in Baltimore; James L. 
Jackson, Cornell Brothers, J. L. Mott, and Daniel D. Badger's 
Architectural Iron Works in Manhattan; Hecla Ironworks in 
Brooklyn; Wood & Perot of Philadelphia; Leeds & Co., the 

Fig. 5. The Slatter Falllily Tomb ill Mobile, Alabama, consisting of a 
cast-irol/ mausoleum and fence, exhibits the wide rallge of uses of the 
material ill the 19th century. Photo: Jack E. Boucher, HABS 
Collectioll. 

Shakspeare (sic) Foundry, and Miltenberger in New 
Orleans; Winslow Brothers in Chicago; and James 
McKinney in Albany, N.Y. 

Cast iron was the metal of choice throughout the second 
half of the 19th century. Not only was it a fire-resistant 
material in a period of major urban fires, but also large 
facades could be produced with cast iron at less cost than 
comparable stone fronts, and iron buildings could be 
erected with speed and efficiency. The largest standing 
example of framing with cast-iron columns and wrought
iron beams is Chicago'S sixteen-story Manhattan Building, 
the world's tallest skyscraper when built in 1890 by William 
LeBaron Jenney. By this time, however, steel was becoming 
available nationally, and was structurally more versatile 
and cost-competitive. Its increased use is one reason why 
building with cast iron diminished around the turn of the 
century after having been so eagerly adopted only fifty 
years before. Nonetheless, cast iron continued to be used in 
substantial quantities for many other structural and 
ornamental purposes well into the 20th century: storefronts; 
marquees; bays and large window frames for steel-framed, 
masonry-clad buildings; and street and landscape 
furnishings, including subway kiosks. 

The 19th century left us with a rich heritage of new building 
methods, especially construction on an altogether new scale 
that was made possible by the use of metals. Of these, cast 
iron was the pioneer, although its period of intensive use 
lasted but a half century. Now the surviving legacy of cast
iron architecture, much of which continues to be threatened, 
merits renewed appreciation and appropriate preservation 
and restoration treatments. 

3 
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What is Cast Iron? 
Cast iron is an alloy with a high carbon content (at 
least 1.7% and usually 3.0 to 3.7%) that makes it more 
resistant to corrosion than either wrought iron or steel. 
In addition to carbon, cast iron contains varying 
amounts of silicon, sulfur, manganese, and 
phosphorus. 

While molten, cast iron is easily poured into molds, 
making it possible to create nearly unlimited 
decorative and structural forms. Unlike wrought iron 
and steel, cast iron is too hard and brittle to be shaped 
by hammering, rolling, or pressing. However, because 
it is more rigid and more resistant to buckling than 
other forms of iron, it can withstand great compression 
loads. Cast iron is relatively weak in tension, however, 
and fails under tensile loading with little prior 
warning. 

The characteristics of various types of cast iron are 
determined by their composition and the techniques 
used in melting, casting, and heat treatment. 
Metallurgical constituents of cast iron that affect its 
brittleness, toughness, and strength include ferrite, 
cementite, pearlite, and graphite carbon. Cast iron 
with flakes of carbon is called gray cast iron. The 
"gray fracture" associated with cast iron was probably 
named for the gray, grainy appearance of its broken 
edge caused by the presence of flakes of free graphite, 
which account for the brittleness of cast iron. This 
brittleness is the important distinguishing 
characteristic between cast iron and mild steel. 

Compared with cast iron, wrought iron is relatively 
soft, malleable, tough, fatigue-resistant, and readily 
worked by forging, bending, and drawing. It is almost 
pure iron, with less than 1 % (usually 0.02 to 0.03%) 
carbon. Slag varies between 1 % and 4% of its content 
and exists in a purely physical association, that is, it is 
not alloyed. This gives wrought iron its characteristic 
laminated (layered) or fibrous structure. 

Wrought iron can be distinguished from cast iron in 
several ways. Wrought-iron elements generally are 
simpler in form and less uniform in appearance than 
cast-iron elements, and contain evidence of rolling or 
hand working. Cast iron often contains mold lines, 
flashing, casting flaws, and air holes. Cast-iron 
elements are very uniform in appearance and are 
frequently used repetitively. Cast-iron elements are 
often bolted or screwed together, whereas wrought
iron pieces are either riveted or forge-molded (heat 
welded) together. 

Mild steel is now used to fabricate new hand-worked 
metal work and to repair old wrought-iron elements. 
Mild steel is an alloy of iron and is not more than 2% 
carbon, which is strong but easily worked in block or 
ingot form. Mild steel is not as resistant to corrosion as 
either wrought iron or cast iron. 

Maintenance and Repair 
Many of the maintenance and repair techniques described 
in the Brief, particularly those relating to cleaning and 
painting, are potentially dangerous and should be carried 
out only by experienced and qualified workmen using 
protective equipment suitable to the task. In all but the 
most simple repairs, it is best to involve a preservation 
architect or building conservator to assess the condition of 
the iron and prepare contract documents for its treatment. 

As with any preservation project, the work must be 
preceded by a review of local building codes and 
environmental protection regulations to determine whether 
any conflicts exist with the proposed treatments. If there are 
conflicts, particularly with cleaning techniques or painting 
materials, then waivers or variances need to be negotiated, 
or alternative treatments or materials adopted. 

Deterioration 
Common problems encountered today with cast-iron 
construction include badly rusted or missing elements, 
impact damage, structural failures, broken joints, damage to 
connections, and loss of anchorage in masonry (Figs. 7,8). 

Oxidation, or rusting, occurs rapidly when cast iron is 
exposed to moisture and air. The minimum relative 
humidity necessary to promote rusting is 65%, but this 
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Fig. 6. Sheet from a late 19th century manufacturer's trade catalog 
illustrates some of the products available from foundries, such as 
storefronts, girders and beams, columns, stairs, window lintels and sills, 
and roof crestings. Courtesy: Albany Institute of History and Art. 



Fig. 7. Despite Illl 
illlpilct thllt sllll ttered 
the IIlllill CIlstings, 
th is fe li ce post 
rell1aillS IIprigh t, 
dell10ll stmtillg the 
grl'll t strellgth of CIls t 
iro ll. Origilllllly, the 
pos t WIlS held 
together by Il 10llg 
bolt thllt extcllded 
fro lll the fi ll ill I to the 
bllsc. Photo: Johll G. 
Wilite. 

figure can be lower in the presence of corrosive agents, such 
as sea water, salt air, acids, acid precipitation, soils, and 
some sulfur compounds present in the atmosphere, which 
act as catalysts in the oxidation process. Rusting is 
accelerated in situations where architectural details provide 
pockets or crevices to trap and hold liquid corrosive agents . 
Furthermore, once a rust film forms, its porous surface acts 
as a reservoir for liquids, which in turn causes further 
corrosion. If this process is not arrested, it will continue 
until the iron is entirely consumed by corrosion, leaving 
nothing but rust. 

Galvanic corrosion is an electrochemical action that results 
when two dissimilar metals react together in the presence of 
an electrolyte, such as water containing salts or hydrogen 
ions (Fig. 9). The severity of the galvanic corrosion is based 

Fig. 8. Structural cracks, gaps at join ts between components, and a 
la rge opening where part of the console bracket is missing are the 
problems evident in this cast-iron assembly. Photo: Ford, Powell & 
Carson. 

on the difference in potential between the two metals, their 
relative surface areas, and time. If the more noble metal 
(higher position in electrochemical series) is much larger in 
area than the baser, or less noble, metal, the deterioration of 
the baser metal will be more rapid and severe. If the more 
noble metal is much smaller in area than the baser metal, 
the deterioration of the baser metal will be much less 
significant. Cast iron will be attacked and corroded when it 
is adjacent to more noble metals such as lead or copper. 

Fig. 9. Galvanic 
corrosion occurred 
where Il patch of 
copper was installed 
Illongside the cast
iron CIlp Ilt the base 
ofilfolllltaill. The 
lise of teme-coated 
stainless flashings 
with Ilppropriate 
CIllllkillg would hllve 
beell a more sllitable 
repllir. Photo: John 
G. Wilite. 

Graphitization of cast iron, a less common problem, occurs 
in the presence of acid precipitation or seawater. As the 
iron corrodes, the porous graphite (soft carbon) corrosion 
residue is impregnated with insoluble corrosion products. 
As a result, the cast-iron element retains its appearance and 
shape but is weaker structurally. Graphitization occurs 
where cast iron is left unpainted for long periods or where 
caulked joints have failed and acidic rainwater has corroded 
pieces from the backside. Testing and identification of 
graphitization is accomplished by scraping through the 
surface with a knife to reveal the crumbling of the iron 
beneath. Where extensive graphitization occurs, usually the 
only solution is replacement of the damaged element. 

Castings may also be fractured or flawed as a result of 
imperfections in the original manufacturing process, such as 
air holes, cracks, and cinders, or cold shuts (caused by the 
"freezing" of the surface of the molten iron during casting 
because of improper or interrupted pouring). Brittleness is 
another problem occasionally found in old cast-iron 
elements. It may be a result of excessive phosphorus in the 
iron, or of chilling during the casting process. 

Condition Assessment 
Before establishing the appropriate treatment for cast-iron 
elements in a building or structure, an evaluation should be 
made of the property's historical and architectural 
significance and alterations, along with its present 
condition. If the work involves more than routine 
maintenance, a qualified professional should be engaged to 
develop a historic structure report which sets forth the 
historical development of the property, documents its 
existing condition, identifies problems of repair, and 
provides a detailed listing of recommended work items 
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witn priorities. Through this process the significance and 
condition of the cast iron can be evaluated and appropriate 
treatments proposed. For fences, or for single components 
of a building such as a facade, a similar but less extensive 
analytical procedure should be followed. 

The nature and extent of the problems with the cast-iron 
elements must be well understood before proceeding with 
work. If the problems are minor, such as surface corrosion, 
flaking paint, and failed caulking, the property owner may 
be able to undertake the repairs by working directly with a 
knowledgeable contractor. If there are major problems or 
extensive damage to the cast iron, it is best to secure the 
services of an architect or conservator who specializes in the 
conservation of historic buildings. Depending on the scope 
of work, contract documents can range from outline 
specifications to complete working drawings with 
annotated photographs and specifications 

To thoroughly assess the condition of the ironwork, a close 
physical inspection must be undertaken of every section of 
the iron construction including bolts, fasteners, and brackets 
(Fig. 10). Typically, scaffolding or a mechanical lift is 
employed for close inspection of a cast-iron facade or other 
large structures. Removal of select areas of paint may be 
the only means to determine the exact condition of 
connections, metal fasteners, and intersections or crevices 
that might trap water. 
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Fig. 11. Major cracks in the piers of this cast-iron storefront in 
Galveston, Texas resulted from the transfer of load onto the iron from 
internal brick piers eroded by rising damp. This crack was 
inappropriately filled with concrete, which trapped moisture and 
accelerated internlll corrosion, pushing the iron further apart. Photo: 
Ford, Powell & Carson. 
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Fig. 10. During close-up inspection of the Gunther Building in New York City, photographs of each bay were taken to use in a survey of existing 
conditions. Photo: Willcox Dunn. 



An investigation of load-bearing elements, such as columns 
and beams, will establish whether these components are 
performing as they were originally designed, or the stress 
patterns have been redistributed. Areas that are abnormally 
stressed must be examined to ascertain whether they have 
suffered damage or have been displaced (Fig. 11). Damage 
to a primary structural member is obviously critical to 
identify and evaluate; attention should not be given only to 
decorative features. 

The condition of the building, structure, or object; diagnosis 
of its problems; and recommendations for its repair should 
be recorded by drawings, photographs, and written 
descriptions, to aid those who will be responsible for its 
conservation in the future. 

Whether minor or major work is required, the retention and 
repair of historic ironwork is the recommended 
preservation approach over replacement. All repairs and 
restoration work should be reversible, when possible, so 
that modifications or treatments that may turn out to be 
harmful to the long-term preservation of the iron can be 
corrected with the least amount of damage to the historic 
ironwork. 

Cleaning and Paint Removal 
When there is extensive failure of the protective coating 
and/ or when heavy corrosion exists, the rust and most or 
all of the paint must be removed to prepare the surfaces for 
new protective coatings. The techniques available range 
from physical processes, such as wire brushing and grit 
blasting, to flame cleaning and chemical methods. The 
selection of an appropriate technique depends upon how 
much paint failure and corrosion has occurred, the fineness 
of the surface detailing, and the type of new protective 
coating to be applied. Local environmental regulations may 
restrict the options for cleaning and paint removal methods, 
as well as the disposal of materials. 

Many of these techniques are potentially dangerous and 
should be carried out only by experienced and qualified 
workers using proper eye protection, protective clothing, 
and other workplace safety conditions. Before selecting a 
process, test panels should be prepared on the iron to be 
cleaned to determine the relative effectiveness of various 
techniques. The cleaning process will most likely expose 
additional coating defects, cracks, and corrosion that have 
not been obvious before (Fig. 12 ). 

There are a number of techniques that can be used to 
remove paint and corrosion from cast iron: 

Hand scraping, chipping, and wire brushing are the most 
common and least expensive methods of removing paint 
and light rust from cast iron (Fig. 13a, b). However, they do 
not remove all corrosion or paint as effectively as other 
methods. Experienced craftsmen should carry out the work 
to reduce the likelihood that surfaces may be scored or 
fragile detail damaged. 

Low-pressure grit blasting <Commonly called abrasive 
cleaning or sandblasting) is often the most effective 
approach to removing excessive paint build-up or 
substantial corrosion. Grit blasting is fast, thorough, and 
economical, and it allows the iron to be cleaned in place. 
The aggregate can be iron slag or sand; copper slag should 
not be used on iron because of the potential for electrolytic 

Fig. 12. Paint stripping exposed a large defect ullder a faulty patch at a 
joint of this wide cast-iron watertable. The damage can be repaired 
mechanically by splicing in a cast-iron replacemellt piece. Photo: Peter 
Jensen, Kapell and Kostow Architects. 

reactions. Some sharpness in the aggregate is beneficial in 
that it gives the metal surface a "tooth" that will result in 
better paint adhesion. The use of a very sharp or hard 
aggregate and/ or excessively high pressure (over 100 
pounds per square inch) is unnecessary and should be 
avoided. Adjacent materials, such as brick, stone, wood, 
and glass, must be protected to prevent damage. Some 
local building codes and environmental authorities prohibit 
or limit dry sandblasting because of the problem of airborne 
dust. 

Wet sandblasting is more problematic than dry 
sandblasting for cleaning cast iron because the water will 
cause instantaneous surface rusting and will penetrate deep 
into open joints. Therefore, it is generally not considered an 
effective technique. Wet sandblasting reduces the amount 
of airborne dust when removing a heavy paint build-up, 
but disposal of effluent containing lead or other toxic 
substances is restricted by environmental regulations in 
most areas. 

Flame cleaning of rust from metal with a special multi
flame head oxyacetylene torch requires specially skilled 
operators, and is expensive and potentially dangerous. 
However, it can be very effective on lightly to moderately 
corroded iron. Wire brushing is usually neccessary to finish 
the surface after flame cleaning. 

Chemical rust removal, by acid pickling, is an effective 
method of removing rust from iron elements that can be 
easily removed and taken to a shop for submerging in vats 
of dilute phosphoric or sulfuric acid. This method does not 
damage the surface of iron, providing that the iron is 
neutralized to pH level 7 after cleaning. Other chemical 
rust removal agents include ammonium citrate, oxalic acid, 
or hydrochloric acid-based products. 

7 
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Fig. 13. S~rface preparation may involve several different techniques. Where chemical paint stripping is involved, careful planning of the sequence of 
work and inspectIOn by an architect or con~ervator to ensure stnct compliance ~Ith the cont~act documents is important to minimize the risk of 
probLems. After the chemical paste and pall1twas scraped off, the remamlng paint and chemicaL residue were removed with a wire brush (a) and 
scraper~ selected or cut to fit the shape of the Iron surfaces (b). The surface was then wiped with solvent to create a compLetely clean surface prior to 
repainting (c). Photos: Raymond M. Pepl, BUlLdlllg ConservatIOn Associates. 

Chemical paint removal using alkaline compounds, such as 
methylene chloride or potassium hydroxide, can be an 
effective alternative to abrasive blasting for removal of 
heavy paint build-up (Fig. 13). These agents are often 
available as slow-acting gels or pastes. Because they can 
cause burns, protective clothing and eye protection must be 
worn. Chemicals applied to a non-watertight facade can 
seep through crevices and holes, resulting in damage to the 
building's interior finishes and corrosion to the backside of 
the iron components. If not thoroughly neutralized, 
residual traces of cleaning compounds on the surface of the 
iron can cause paint failures in the future (Fig. 14). For 
these reasons, field application of alkaline paint removers 
and acidic cleaners is not generally recommended. 

Following any of these methods of cleaning and paint 
removal, the newly cleaned iron should be painted 
immediately with a corrosion-inhibiting primer before new 
rust begins to form. This time period may vary from 
minutes to hours depending on environmental conditions. 
If priming is delayed, any surface rust that has developed 
should be removed with a clean wire brush just before 
priming, because the rust prevents good bonding between 
the primer and the cast iron surface and prevents the primer 
from completely filling the pores of the metal. 

Painting and Coating Systems 
The most common and effective way to preserve 
architectural cast iron is to maintain a protective coating of 
paint on the metal. Paint can also be decorative, where 
historically appropriate. 

Before removing paint from historic architectural cast 
iron, a microscopic analysis of samples of the historic 
paint sequencing is recommended. Called paint 
seriation analysis, this process must be carried out by an 
experienced architectural conservator. The analysis will 
identify the historic paint colors, and other conditions, 
such as whether the paint was matte or gloss, whether 
sand was added to the paint for texture, and whether 
the building was polychromed or marbleized. 
Traditionally many cast-iron elements were painted to 
resemble other materials, such as limestone or 
sandstone. Occasionally, features were faux-painted so 
that the iron appeared to be veined marble. 

Thorough surface preparation is necessary for the adhesion 
of new protective coatings. All loose, flaking, and 
deteriorated paint must be removed from the iron, as well 
as dirt and mud, water-soluble salts, oil, and grease. Old 
paint that is tightly adhered may be left on the surface of 
the iron if it is compatible with the proposed coatings. The 
retention of old paint also preserves the historic paint 
sequence of the building and avoids the hazards of removal 
and disposal of old lead paint. 

It is advisable to consult manufacturer's specifications or 
technical representatives to ensure compatibility between 
the surface conditions, primer and finish coats, and 
application methods. 

For the paint to adhere properly, the metal surfaces must be 
absolutely dry before painting. Unless the paint selected is 



specifically designed for exceptional conditions, painting 
should not take place when the temperature is expected to 
fall below 50 degrees Fahrenheit within 24 hours or when 
the relative humidity is above 80 per cent; paint should not 
be applied when there is fog, mist, or rain in the air. Poorly 
prepared surfaces will cause the failure of even the best 
paints, while even moderately priced paints can be effective 
if applied over well-prepared surfaces. 

Selection of Paints and Coatings 

The types of paints available for protecting iron have 
changed dramatically in recent years due to federal, state, 
and local regulations that prohibit or restrict the 
manufacture and use of products containing toxic 
substances such as lead and zinc chromate, as well as 
volatile organic compounds and substances (VOC or VOS). 
Availability of paint types varies from state to state, and 
manufacturers continue to change product formulations to 
comply with new regulations. 

Fig. 14. Major problems can result if work is undertaken without 
proper sequencing and precautions. On this building, a strong alkaline 
paint remover was used, and apparently was not adequately rinsed or 
neutralized. Over a period of months, the newly applied paint began to 
peel and streaks of rust appeared on the iron. Photo: Kim Lovejoy. 

Traditionally, red lead has been used as an anti-corrosive 
pigment for priming iron. Red lead has a strong affinity for 
linseed oil and forms lead soaps, which become a tough and 
elastic film impervious to water that is highly effective as a 
protective coating for iron. At least two slow-drying 
linseed oil-based finish coats have traditionally been used 
over a red lead primer, and this combination is effective on 
old or partially-deteriorated surfaces. Today, in most areas, 
the use of paints containing lead is prohibited, except for 
some commercial and industrial purposes. 

Today, alkyd paints are very widely used and have largely 
replaced lead-containing linseed-oil paints. They dry faster 
than oil paint, with a thinner film, but they do not protect 
the metal as long. Alkyd rust-inhibitive primers contain 

pigments such as iron oxide, zinc oxide, and zinc 
phosphate. These primers are suitable for previously 
painted surfaces cleaned by hand tools. At least two coats 
of primer should be applied, followed by alkyd enamel 
finish coats. 

Latex and other water-based paints are not recommended for 
use as primers on cast iron because they cause immediate 
oxidation if applied on bare metal. Vinyl acrylic latex or 
acrylic latex paints may be used as finish coats over alkyd 
rust-inhibitive primers, but if the primer coats are 
imperfectly applied or are damaged, the latex paint will 
cause oxidation of the iron. Therefore, alkyd finish coats are 
recommended. 

High-performance coatings, such as zinc-rich primers 
containing zinc dust, and modern epoxy coatings, can be 
used on cast iron to provide longer-lasting protection. 
These coatings typically require highly clean surfaces and 
special application conditions which can be difficult to 
achieve in the field on large buildings (Fig. 13c). These 
coatings are used most effectively on elements which have 
been removed to a shop, or newly cast iron. 

One particularly effective system has been first to coat 
commercially blast-cleaned iron with a zinc-rich primer, 
followed by an epoxy base coat, and two urethane finish 
coats. Some epoxy coatings can be used as primers on clean 
metal or applied to previously-painted surfaces in sound 
condition. Epoxies are particularly susceptible to 
degradation under ultraviolet radiation and must be 
protected by finish coats which are more resistant. There 
have been problems with epoxy paints which have been 
shop-applied to iron where the coatings have been nicked 
prior to installation. Field touching-up of epoxy paints is 
very difficult, if not impossible. This is a concern since iron 
exposed by imperfections in the base coat will be more 
likely to rust and more frequent maintenance will be 
required. 

A key factor to take into account in selection of coatings is 
the variety of conditions on existing and new materials on a 
particular building or structure. One primer may be needed 
for surfaces with existing paint; another for newly cast, 
chemically stripped, or blast-cleaned cast iron; and a third 
for flashings or substitute materials; all three followed by 
compatible finish coats. 

Application Methods 

Brushing is the traditional and most effective technique for 
applying paint to cast iron. It provides good contact 
between the paint and the iron, as well as the effective 
filling of pits, cracks, and other blemishes in the metal. 
The use of spray guns to apply paint is economical, but 
does not always produce adequate and uniform coverage. 
For best results, air less sprayers should be used by skilled 
operators. To fully cover fine detailing and reach recesses, 
spraying of the primer coat, used in conjunction with 
brushing, may be effective. 

Rollers should never be used for primer coat applications 
on metal, and are effective for subsequent coats only on 
large, flat areas. The appearance of spray-applied and 
roller-applied finish coats is not historically appropriate and 
should be avoided on areas such as storefronts which are 
viewed close at hand. 
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Caulking, Patching, and Mechanical Repairs 
Most architectural cast iron is made of many small castings 
assembled by bolts or screws (Fig. 16a). Joints between 
pieces were caulked to prevent water from seeping in and 
causing rusting from the inside out. Historically, the seams 
were often caulked with white lead paste and sometimes 
backed with cotton or hemp rope; even the bolt and screw 
heads were caulked to protect them from the elements and 
to hide them from view. Although old caulking is 
sometimes found in good condition, it is typically crumbled 
from weathering, cracked from the structural settlement, or 
destroyed by mechanical cleaning. It is essential to replace 
deteriorated caulking to prevent water penetration. For 
good adhesion and performance, an architectural-grade 
polyurethane sealant or traditional white lead paste is 
preferred. 

Water that penetrates the hollow parts of a cast-iron 
architectural element causes rust that may streak down over 
other architectural elements. The water may freeze, causing 
the ice to crack the cast iron. Cracks reduce the strength of 
the total cast-iron assembly and provide another point of 
entry for water. Thus, it is important that cracks be made 
weathertight by using caulks or fillers, depending on the 
width of the crack. 

Filler compounds containing iron particles in an epoxy resin 
binder can be used to patch superficial, non-structural 
cracks and small defects in cast iron. The thermal 
expansion rate of epoxy resin alone is different from that of 
iron, requiring the addition of iron particles to ensure 
compatibility and to control shrinkage. Although the 
repaired piece of metal does not have the same strength as a 
homogeneous piece of iron, epoxy-repaired members do 
have some strength. Polyester-based putties, such as those 
used on auto bodies, are also acceptable fillers for small holes . 

In rare instances, major cracks can be repaired by brazing or 
welding with special nickel-alloy welding rods. Brazing or 
welding of cast iron is very difficult to carry out in the field 
and should be undertaken only by very experienced welders. 

In some cases, mechanical repairs can be made to cast iron 
using iron bars and screws or bolts. In extreme cases, 

Fig. 15. In an effort to repair this stair railing, concrete was poured 
around the wood spacer inside the railing casting. Water penetrated 
the railing and reacted with the concrete to accelerate the corrosion of 
the iron. Photo: John C. Waite. 

deteriorated cast iron can be cut out and new cast iron 
spliced in place by welding or brazing. However, it is 
frequently less expensive to replace a deteriorated cast-iron 
section with a new casting rather than to splice or reinforce 
it. Cast-iron structural elements that have failed must either 
be reinforced with iron and steel or replaced entirely. 

A wok!; cast-iron balustrade or railing can often be fixed 
by tightening all bolts and screws. Screws with stripped 
threads and seriously rusted bolts must be replaced. To 
compensate for corroded metal around the bolt or screw 
holes, new stainless steel bolts or screws with a larger 
diameter need to be used. In extreme cases, new holes may 
need to be tapped. 

The internal voids of balusters, newel posts, statuary, and 
other elements should not be filled with concrete; it is an 
inappropriate treatment that causes further problems (Fig. 
15). As the concrete cures, it shrinks, leaving a space 
between the concrete and cast iron. Water penetrating this 
space does not evaporate quickly, thus promoting further 
rusting. The corrosion of the iron is further accelerated by 
the alkaline nature of concrete. Where cast-iron elements 
have been previously filled with concrete, they need to be 
taken apart, the concrete and rust removed, and the interior 
surfaces primed and painted before the elements are 
reassembled. 

~ 
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Fig. 16. Architectural cast iron is made of many small components bolted 
and screwed together. (a) This exploded view of a storefront illustrates 
the variety of elements, including brackets, fasteners, and holes for bolts. 
(b) The storefront was replicated in cast iron because of the extensive 
damage and structural failure, a detail of which is shown in Fig. 11 . 
Drawing and photo: Historical Arts & Casting, Inc. 



Duplication and Replacement 
The replacement of cast-iron components is often the only 
practical solution when such features are missing, severely 
corroded, or damaged beyond repair, or where repairs 
would be only marginally useful in extending the functional 
life of an iron element (Fig. 16). 

Sometimes it is possible to replace small, decorative, non
structural elements using intact sections of the original as a 
casting pattern. For large sections, new patterns of wood or 
plastic made slightly larger in size than the original will 

The Casting Process 

Architectural elements were traditionally cast in sand 
molds. The quality of the special sands used by 
foundries is extremely important; unlike most sands 
they must be moist. Foundries have their own 
formulas for sand and its admixtures, such as clay, 
which makes the sand cohesive even when the mold is 
turned upside down. 

A two-part mold (with a top and a bottom, or cope and 
drag) is used for making a casting with relief on both 
sides, whereas an open-top mold produces a flat 
surface on one side (Fig. 17a). For hollow elements, a 
third pattern and mold are required for the void. 
Many hollow castings are made of two or more parts 
that are later bolted, screwed, or welded together, 
because of the difficulty of supporting an interior core 
between the top and bottom sand molds during the 
casting process. 

need to be made in order to compensate for the shrinkage of 
the iron during casting (cast iron shrinks approximately 1/8 
inch per foot as it cools from a liquid into a solid). 
Occasionally, a matching replacement can be obtained from 
the existing catalogs of iron foundries. Small elements can 
be custom cast in iron at small local foundries, often at a 
cost comparable to substitute materials. Large elements 
and complex patterns will usually require the skills and 
facilities of a larger firm that specializes in replication. 

The molding sand is compacted into flasks, or forms, 
around the pattern. The cope is then lifted off and the 
pattern is removed, leaving the imprint of the pattern 
in the small mold. Molten iron, heated to a 
temperature of approximately 2700 degrees 
Fahrenheit, is poured into the mold and then allowed 
to cool (Fig. 17b). The molds are then stripped from 
the casting; the tunnels to the mold (sprues) and risers 
that allowed release of air are cut off; and ragged 
edges (called "burrs") on the casting are ground 
smooth. 

The castings are shop-primed to prevent rust, and laid 
out and preas sembled at the foundry to ensure proper 
alignment and fit. When parts do not fit, the pieces are 
machined to remove irregularities caused by burrs, or 
are rejected and recast until all of the cast elements fit 
together properly. Most larger pieces then are taken 
apart before shipping to the job site, while some small 
ornamental parts may be left assembled. 

Fig. 17. (a) A two-part mold, consisting of a cope (top) and drag (bottom) for a newel post. Photo: Architectural Iron Company, Inc. 
(b) Molten iron being poured into a mold containing sand at a foundry. The iron casting process has changed little in the past two centuries. 
Photo: Karen Huebner. 
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Fig. 18. This cast-iron storefront cornice was corroded beyond the 
point of repair, and could not be removed easily for replacement. 
Terne-coated stainless steel, the most durable metal for flashing cast 
iron, was applied to the cornice and fitted as closely as possible to the 
historic profile. Although painting is not necessary to protect terne
coated stainless steel, the cornice should be painted to be consistent 
with the historic character of the building. A primer which is 
compatible with the terne coating should be used. Photo: Dean Koga, 
Robert E. Meadows, P.C, Architects. 

Dismantling and Assembly of Architectural 
Components 
It is sometimes necessary to dismantle all or part of a cast
iron structure during restoration, if repairs cannot be 
successfully carried out in place. Dismantling should be 
done only under the direction of a preservation architect or 
architectural conservator who is experienced with historic 
cast iron. Extreme care must be taken since cast iron is very 
brittle, especially in cold weather. 

Dismantling should follow the reverse order of construction 
and re-erection should occur, as much as possible, in the 
exact order of original assembly. Each piece should be 
numbered and keyed to record drawings. When work must 
be carried out in cold weather, care needs to be taken to 
avoid fracturing the iron elements by uneven heating of the 
members. 

Both new castings and reused pieces should be painted with 
a shop-applied prime coat on all surfaces. All of the 
components should be laid out and preas sembled to make 
sure that the alignment and fit are proper. Many of the 
original bolts, nuts, and screws may have to be replaced 
with similar fasteners of stainless steel. 

After assembly at the site, joints that were historically 
caulked should be filled with an architectural-grade 
polyurethane sealant or the traditional white lead paste 
White lead has the advantage of longevity, although its use 
is restricted in many areas. 
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Flashings 

In some instances, it may be necessary to design and 
install flashings to protect areas vulnerable to water 
penetration. Flashings need to be designed and 
fabricated carefully so that they are effective, as well 
as unobtrusive in appearance. The most durable 
material for flashing iron is terne-coated stainless steel 
(Fig. 18). Other compatible materials are terne-coated 
steel and galvanized steel; however, these require 
more frequent maintenance and are less durable. 
Copper and lead-coated copper are not recommended 
for use as flashings in contact with cast iron because of 
galvanic corrosion problems. Galvanic problems can 
also occur with the use of aluminum if certain types of 
electrolytes are present. 

Substitute Materials 
In recent years, a number of metallic and non-metallic 
materials have been used as substitutes for cast iron, 
although they were not used historically with cast iron. The 
most common have been cast aluminum, epoxies, 
reinforced polyester (fiberglass), and glass fiber-reinforced 
concrete (GFRC). Factors to consider in using substitute 
materials are addressed in Preservation Briefs 16, which 
emphasizes that "every means of repairing deteriorating 
historic materials or replacing them with identical materials 
should be examined before turning to substitute materials." 

Cast aluminum has been used recently as a substitute for 
cast iron, particularly for ornately-detailed decorative 
elements. Aluminum is lighter in weight, more resistant to 
corrosion, and less brittle than cast iron. However, because 
it is dissimilar from iron, its placement in contact with or 
near cast iron may result in galvanic corrosion, and thus 
should be avoided. Special care must be taken in the 
application of paint coatings, particularly in the field. It is 
often difficult to achieve a durable coating after the original 
finish has failed. Because aluminum is weaker than iron, 
careful analysis is required whenever aluminum is being 
considered as a replacement material for structural cast-iron 
elements. 

Epoxies are two-part, thermo-setting, resinous materials 
which can be molded into virtually any form. When 
molded, the epoxy is usually mixed with fillers such as 
sand, glass balloons, or stone chips. Since it is not a metal, 
galvanic corrosion does not occur. When mixed with sand 
or stone, it is often termed epoxy concrete or polymer 
concrete, a misnomer because no cementitious materials are 
included. Epoxies are particularly effective for replicating 
small, ornamental sections of cast iron. Since it is not a 
metal, galvanic corrosion does not occur. Epoxy elements 
must have a protective coating to shield them from 
ultraviolet degradation. They are also flammable and 
cannot be used as substitutes for structural cast-iron 
elements. 

Reinforced polyester, commonly known as fiberglass, is 
often used as a lightweight substitute for historic materials, 
including cast iron, wood, and stone. In its most common 
form, fiberglass is a thin, rigid, laminate shell formed by 
pouring a polyester resin into a mold and then adding 
fiberglass for reinforcement. Like epoxies, fiberglass is non-



Fig. 19. (a) Fiberglass columns and aluminum capitals were installed 
to replicate the ornamental features on the east facade of the New 
Market Theater ill Portland, Oregon, that had been destroyed by 
previous occupants. Like cast iron, crisp ornamental details can be 
achieved with cast aluminum. Although aluminum may be in contact 
with fiberglass, galvanic corrosion may resuIt when aluminum is in 
direct contact with cast iron. Photo: William J. Hawkins, III. (b) The 
west facade of the theatre retains its original cast iron features. 
Photo: George McMath. 

corrosive, but is susceptible to ultraviolet degradation. 
Because of its rather flimsy nature, it cannot be used as a 
substitute for structural elements, cannot be assembled like 
cast iron and usually requires a separate anchorage system. 
It is unsuitable for locations where it is susceptible to 
damage by impact (Fig. 20), and is also flammable. 

Glass fiber-reinforced concrete, known as GFRC, is similar 
to fiberglass except that a lightweight concrete is 
substituted for the resin. GFRC elements are generally 
fabricated as thin shell panels by spraying concrete into 
forms. Usually a separate framing and anchorage system is 
required. GFRC elements are lightweight, inexpensive, and 
weather resistant. Because GFRC has a low shrinkage co
efficient, molds can be made directly from historic elements. 

Fig. 20. The location of the feature must be taken into account if a 
substitute replacement material is being considered. This lightweight 
fiberglass column at street level sustained damage from impact within a 
few years of installation. The great strength of cast iron makes it ideal 
for storefronts and elements that must withstand heavy use. Photo: 
Building Conservation Associates. 

However, GFRC is very different physically and chemically 
from iron. If used adjacent to iron, it causes corrosion of the 
iron and will have a different moisture absorption rate. 
Also, it is not possible to achieve the crisp detail that is 
characteristic of cast iron. 

Maintenance 
A successful maintenance program is the key to the long
term preservation of architectural cast iron. Regular 
inspections and accurate record-keeping are essential. 
Biannual inspections, occurring ideally in the spring and 
fall, include the identification of major problems, such as 
missing elements and fractures, as well as minor items such 
as failed caulking, damaged paint, and surface dirt. 

Records should be kept in the form of a permanent 
maintenance log which describes routine maintenance tasks 
and records the date a problem is first noted, when it was 
corrected, and the treatment method. Painting records are 
important for selecting compatible paints for touch-up and 
subsequent repainting. The location of the work and the 
type, manufacturer, and color of the paint should be noted 
in the log. The same information also should be assembled 
and recorded for caulking. 

Superficial dirt can be washed off well-painted and caulked 
cast iron with low-pressure water. Non-ionic detergents 
may be used for the remo\',li of heavy or tenacious dirt or 
stains, after testing to determine that they have no adverse 
effects on the painted surfaces. Thick grease deposits and 
residue can be removed by hand scraping. Water and 
detergents or non-caustic degreasing agents can be used to 
clean off the residue. Before repainting, oil and grease must 
be removed so that new coatings will adhere properly. 
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The primary purpose of the maintenance program is to 
control corrosion. As soon as rusting is noted, it should be 
carefully removed and the protective coating of the iron 
renewed in the affected area. Replacement of deteriorated 
caulking, and repair or replacement of failed flashings are 
also important preventive maintenance measures. 

Summary 
The successful conservation of cast-iron architectural 
elements and objects is dependent upon an accurate 
diagnosis of their condition and the problems affecting 
them, as well as the selection of appropriate repair, 
cleaning, and painting procedures. Frequently, it is 
necessary to undertake major repairs to individual elements 
and assemblies; in some cases badly damaged or missing 
components must be replicated. The long-term 
preservation of architectural cast iron is dependent upon 
both the undertaking of timely, appropriate repairs and the 
commitment to a regular schedule of maintenance. 

Detail of polychromed cast-iron facade at 23 Petaluma Boulevard, 
Petaluma, Calif. (1886; O'Connell and Lewis, Architectural Iron 
Work, San Francisco). Photo: Don Meacham. 
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“Stained glass” can mean colored, painted or enameled glass, 
or glass tinted with true glass “stains.”  In this Brief the 
term refers to both colored and painted glass.  “Leaded glass” 
refers generically to all glass assemblies held in place by lead, 
copper, or zinc cames.  Because the construction, protection, 
and repair techniques of leaded glass units are similar, 
whether the glass itself is colored or clear, “stained glass” and 
“leaded glass” are used interchangeably throughout the text.  

Glass is a highly versatile medium.  In its molten 
state, it can be spun, blown, rolled, cast in any shape, 
and given any color.  Once cooled, it can be polished, 
beveled, chipped, etched, engraved, or painted.  Of 
all the decorative eff ects possible with glass, however, 
none is more impressive than “stained glass.”  Since 
the days of ancient Rome, stained glass in windows 

and other building elements has shaped and colored 
light in infi nite ways.  

Stained and leaded glass can be found throughout 
America in a dazzling variety of colors, patt erns, and 
textures (Fig. 1).  It appears in windows, doors, ceilings, 
fanlights, sidelights, light fi xtures, and other glazed 
features found in historic buildings (Fig. 2).  It appears in 
all building types and architectural styles—embellishing 
the light in a great cathedral, or adding a touch of 
decoration to the smallest rowhouse or bungalow.  A 
number of notable churches, large mansions, civic 
buildings, and other prominent buildings boast 
windows or ceilings by LaFarge, Tiff any, Connick, or 
one of many other, lesser-known, American masters, 
but stained or leaded glass also appears as a prominent 
feature in great numbers of modest houses built between 
the Civil War and the Great Depression.

This Brief gives a short history of stained and leaded 
glass in America.  It also surveys basic preservation 
and documentation issues facing owners of buildings 
with leaded glass.  It addresses common causes of 
deterioration and presents repair, restoration, and 
protection options.  It does not off er detailed advice 
on specifi c work treatments.  Glass is one of the most 
durable, yet fragile building materials.  While stained 
glass windows can last for centuries, as the great 
cathedrals of Europe att est, they can be instantly 
destroyed by vandals or by careless workmen.  Extreme 
care must therefore be exercised, even in the most 
minor work.  For this reason, virtually all repair or 
restoration work undertaken on stained and leaded 
glass must be done by professionals, whether the 
feature is a magnifi cent stained glass window or a clear, 
leaded glass storefront transom.  Before undertaking 
any repair work, building owners or project managers 
should screen studios carefully, check references, inspect 
other projects, and require duplicate documentation 
of any work so that full records can be maintained.  
Consultants should be employed on major projects.

Figure 1.  This door and transom suggest the richness of 19th 
century leaded glass.  Photo:  Jack E. Boucher, HABS.
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Historical Background

Glassblowers were among the founders of Jamestown in 
1607, and early glass manufacturing was also att empted 
in 17th-century Boston and Philadelphia.  Dutch 
colonists in the New Netherlands enjoyed painted oval 
or circular medallions that bore the family’s coat of arms 
or illustrated Dutch proverbs.  German colonists in the 
mid-Atlantic region also began early glass ventures.  
Despite the availability of good natural ingredients, 
each of these early American glassmakers eventually 
failed due to production and managerial diffi  culties.  
As a result, colonists imported most of their glass from 
England throughout the 17th and 18th centuries.

Social values as well as high costs also restricted the 
use of stained and other ornamental glass.  This was 
particularly true with regard to churches.  The Puritans, 
who sett led New England, rejected the religious imagery 
of the Church of England, and built simple, unadorned 
churches with clear glass windows.  Less than 1% of 
the Nation’s stained and leaded glass predates 1700.  
Considering the enormous loss of 17th-, 18th-, and early 
19th-century buildings, any window glass surviving 

from these periods is very signifi cant (Fig. 3).  Every 
eff ort should be made to document and preserve it.

Despite many failed starts, the War of 1812, and 
British competition, American glass production 
increased steadily throughout the 19th century.  
Stained glass was available on a very limited basis in 
America during the fi rst quarter of the 19th century, 
but American stained glass did not really emerge 
in its own right until the 1840s.  The windows at 
St. Ann and the Holy Trinity Episcopal Church in 
Brooklyn, New York, made by John and William 
Jay Bolton between 1843 and 1848, are perhaps 
the most signifi cant early American stained glass 
installation (Fig. 4).  Other important early stained 
glass commissions were the glass ceilings produced 
by the J. & G. H. Gibson Company of Philadelphia for 
the House and Senate chambers of the United States 
Capitol in 1859.

America’s glass industry boomed during the second 
half of the 19th century.  (And although stained and 
leaded glass is found nationwide, the manufacturing 
was based in the Northeast and Midwest, where 
good natural ingredients for glass, and coal reserves Figure 2.  Components of a leaded glass window. 

Figure 3.  The entrance to the Morris-Jumel Mansion, New York 
City, is one of the earliest surviving installations of stained glass 
in the country.  It features a fanlight and sidelights of large clear 
roundels and small bulls-eyes of red and orange glass tinted with 
silver stains from ca. 1810.  Photo:  Ken Moss.

Anatomy of a 
Leaded Window
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for the kilns were available.  Moreover, nearly all of 
the nationally renowned studios were based in major 
metropolitan areas of the central and northeastern 
states--near the manufacturers that supplied their raw 
materials.)  In response to this growth, the industry 
formed self-regulating associations that established 
guidelines for business and production.  In 1879 
the Window Glass Association of America was 
established, and in 1903 The National Ornamental Glass 
Manufacturers’ Association, precursor of the Stained 
Glass Association in America, was formed.

The 60 years from about 1870 to 1930 were the high 
point for stained glass in the U.S.  In the early years, 
American stylistic demands refl ected those current 
in Europe, including various historic revivals, and 
aesthetic and geometric patt erns.  American patt erns 
prevailed thereaft er; they tended to be more vivid, 
brash, and bold (Fig. 5).

Aft er the 1893 Columbia World’s Exposition, the Art 
Nouveau Style became the rage for windows.  Sinuous 
nymphs, leggy maidens, whiplashed curves, lilies, and 
brambles became standard subjects until World War 
Among the leading proponents of the Art Nouveau 
Style were glassmakers John LaFarge and Louis Comfort 
Tiff any.  Both men experimented independently 
throughout the 1870s to develop opalescent glass, which 
LaFarge was fi rst to incorporate into his windows.  
Tiff any became the bett er-known, due in part to his 
prolifi c output.  

He att racted world-class artists and innovative 
glassmakers to his studio.  Today, “Tiff any” remains a 
household name.  His favorite and most popular scenes 
were naturalistic images of fl owers, colorful peacocks 
and cockatiels, and landscapes at sunrise and sunset 
(Fig. 6).  LaFarge, while appreciated in his own day, 
gradually slid into relative obscurity, from which he has 
emerged in recent decades.  Tiff any and LaFarge are the 
greatest names in American stained glass.  

Figure 4.  The windows at St. Ann and the Holy Trinity Episcopal 
Church, Brooklyn, New York, were made between 1843-1849 by John 
and William Jay Bolton.  Photo:  Leland A. Cook.

Figure 5.  Stained glass is an exterior feature as well as an interior 
one.  As part of any preservation project, stained glass should be 
photographed from the exterior as well as the interior.  

In dramatic contrast to the American Art Nouveau style 
was the Neo-Gothic movement that became so popular 
for church and university architecture across the country.  
Charles J. Connick was a leading designer of medieval-
style windows characteristic of the style (Fig. 7).

Advocates of the Prairie Style, of whom Frank Lloyd 
Wright is the best known, rejected Tiff any’s naturalistic 
scenes and Connick’s Gothic imitations. (Fig. 8).  
Wright’s rectilinear organic abstractions developed 
simultaneously with the similar aesthetic of the various 
European Secessionists.  The creation of this style was 
aided by the development of zinc and copper cames 
in 1893.  These cames—much stiff er than lead—made 
it possible to carry out the linear designs of Prairie 
School windows with fewer support bars.  At fi rst, these 
windows had only an elitist following, but they were 
soon widely accepted and proliferated during the early 
20th century.  

By 1900, stained and leaded glass was being mass-
produced and was available to almost everyone.  
Leading home journals touted leaded glass windows for 
domestic use, and a nationwide building boom created 
an unprecedented demand for stained and leaded art 
glass windows, door panels, and transoms.  Mail order 
catalogs from sash and blind companies appeared, 

I.  
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some off ering over 100 low-cost, mass produced designs 
(although the same catalogs assured buyers that their 
leaded glass was “made to order”) (Fig. 9).  

The fading popularity of the ornate Victorian styles, 
combined with inferior materials used for mass 
production, essentially eliminated the production 
of quality leaded glass.  The last mail order catalogs 
featuring stained glass were published in the mid-1920s, 
and tastes changed to the point that the 1926 House 
Beautiful Building Annual declared:  “the crude stained 
glass windows in many of the Mansard-roof mansions 
of the ‘eighties [1880s] prove how dreadful glass can be 
when wrongly used.”  

Some creative eff orts expanded leaded glass media in new 
directions.  Lead-overlay or “silhouett e” glass was one 
novelty that climaxed in the late 1920s and early 1930s.  
Some designers sandwiched glass between layers of hand-
cut sheet lead, while others sandwiched the perforated 
sheet lead between layers of glass.  These windows 
present a playful reversal from traditional stained glass; 
in “silhouett e” glass the lead metalwork, rather than the 
glass, becomes the primary art form (Fig. 10).  However, 
such novelties failed to catch on during the Depression.  
World War II delivered the fi nal blow and ornamental 
glass is seldom found in residential, commercial, and 
secular architecture aft er circa 1940.  The great age of 
American stained glass was over.  Fortunately, leaded 
glass panels survived in uncounted numbers throughout 
the country, and are now once again appreciated as 
virtually irreplaceable features of historic buildings.

Figure 6.  This 1907 landscape window is typical of those produced 
by Tiff any Studios.  Characteristics include the use of opalescent 
glass, intricate leading and organic copper foil work, acid-etching, 
plating (i.e., several layers of glass), and a sense of perspective.  

Figure 8.  This 1902 window by Henry Webster Tomlinson 
refl ects the Prairie School philosophy of providing 
ornamentation while retaining a view through the window.   

Figure 7.  Charles J. Connick was another American master of 
stained glass.  He worked in a modernized Neo-Gothic style.  This 
window is from 1921.  Photo:  Diana Kincaid.
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Dating and Documenting Historic 
Leaded Glass 

Before deciding on any treatment for historic leaded 
glass, every eff ort should be made to understand—and 
to record—its history and composition.  Documentation 
is strongly encouraged for signifi cant windows.  
Assigning an accurate date, maker, and style to a stained 
glass window oft en requires extensive research and 
professional help.  A documentation and recording 
project, however, is worth the eff ort and expense, as 
insurance against accidents, vandalism, fi re and other 
disasters.  The bett er the information available, the bett er 
the restoration can be.  The following sources off er some 
guidelines for dating leaded windows.

Building Context.  The history of the building can 
provide ready clues to the history of its leaded windows, 
doors, and other elements.  The construction date, 
and dates of major additions and alterations, should 
be ascertained.  Later building campaigns may have 
been a time for reglazing.  This is especially the case 
with churches and temples.  They were oft en built 
with openings glazed with simple or generic clear 
leaded glass.  Stained glass was added later as fi nances 
allowed.  Conversely, the windows may be earlier than 
the building.  They may have been removed from one 
structure and installed in another (once again, this is 
more likely with religious structures).  Bills, inventories, 
and other writt en documents oft en give clues to the 
date and composition of leaded glass.  Religious 
congregations, fraternal lodges, historical societies and 
other preservation organizations may have writt en 
histories that can aid a researcher.

Inscriptions and Signatures.  Many studios 
and artists affi  xed signature plates to their 
work—oft en at the lower right hand corner.  
In the case of Tiff any windows, the signature 
evolved through several distinct phases, 
and helps date the piece within a few years:  
Tiff any Glass Company (1886-1892), Tiff any 
Glass & Decorating Company (with address, 
1892-1902), Tiff any Studios New York or Louis 
C. Tiff any (post 1902).  (Tiff any Studios, like 
others, did not always sign pieces and the 
absence of an inscription cannot be used 
to rule out a particular studio or artist.)  
Windows may also feature dated plaques 
commemorating a donor.  However, these do 
not always indicate the date of the window, 
since windows were oft en installed before a 
donor was found.  Nevertheless, such marks 
help establish a reasonable date range.

Composition and Other Stylistic Elements.  
These elements are more subjective, and call 
for a fairly broad knowledge of architecture 
and art history.  Do the windows fi t the 
general style of the building?  The style of the 
window may refl ect a stylistic period (e.g., 
Arts & Craft s, Art Nouveau, Prairie School).  

The imagery or iconography of the windows may also 
reveal their overall historical context and establish a 
general time period.  

Framing and Surround.  Framing elements and the 
window surround can reveal information central to 
dating the window.  Do moldings match other interior 
trim?  Has the opening been altered?  Is the window set 
in an iron frame (post-1850s), a steel frame (generally 
post-World War I), a cast stone or terra cott a frame 
(seen as early as the 1880s, but popular aft er 1900)?

Reinforcement and Leading Details.  Does the 
window or other element have round bars or fl at 

Figure 10.  This 
lead-silhouett e 
stained glass face 
graces a 1928 coach 
house in Buff alo, 
and is att ributed to 
D’Ascenzo Studios of 
Philadelphia.  

Figure 9.  A typical 
mail-order catalog page 
of art glass windows 
available in 1903 
from the E. L. Roberts 
Company, Chicago.
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bars?  Flat bars began to appear about 1890; round 
bars, used since the Middle Ages, remained in use 
until the 1920s, when fl at bars supplanted them.  
Cames can also give dating clues.  Zinc cames, 
for example, developed by Chicago Metallic 
in association with Frank Lloyd Wright, fi rst 
appeared in 1893.  In general, however, dating a 
window by the came alone is diffi  cult unless it is 
disassembled to view the “heart” (center web) for 
millmarks.  Over one hundred varieties of lead 
came were available in the early 20th century.  
Moreover, came was sometimes produced to look 
old.  Henderson’s Antique Leading from the 1920s 
was made “to resemble the old hand wrought 
lead” and also carried “easy-fi x” clip-on Georgian-
style ornaments.

Glass.  The glass itself can help in dating a window.  
Opalescent glass, for instance, was patented 
by John LaFarge in 1879.  Tiff any patented two 
variations on LaFarge’s technique in the same year.  
(Opalescent glass is translucent, with variegated 
colors resulting from internally refracted light.  It 
features milky colored streaks.)  Pre-1880 glass is 
usually smooth translucent colored glass (painted 
or not); glass with bold, deep colors is typical of the 
1880s and 1890s, along with jewels, drapery glass 
and rippled glass.  But such fl amboyance faded out 
with the rest of Victoriana by about 1910.  However, 
stained glass styles of the late 19th century 
continued to appear in ecclesiastical buildings aft er 
they passed from general fashion.  Leaded beveled 
plate glass was popular in residential architecture 
aft er 1890, and was used profusely until the 1920s.

The level of documentation warranted depends 
upon the signifi cance of the window, but it is very 
important to document repair and restoration 
projects before, during, and aft er project work.  
Photographs will normally suffi  ce for most 
windows.  For highly signifi cant windows, rubbings 
as well as writt en documentation are recommended.  
The leading patt erns in such windows are complex, 
particularly in plated windows (which have several 
layers).  Rubbings are therefore encouraged for each 
layer when restored; they are invaluable if a disaster 
occurs and reconstruction is required.  Annotated 
rubbings of the leadwork should be done with a wax 
stone on acid-free vellum.  

To document windows properly, inscriptions should 
be recorded word for word, including misspellings, 
peculiarities in type style, and other details.  Names 
and inscriptions in or on windows can indicate 
ethnic heritage, particularly in churches or civic 
structures where windows oft en refl ect styles and 
themes from the congregation or community’s 
origins.  Lastly, any conjectural information should 
be clearly noted as such.

The Importance of Context

Stained glass commissioned for a particular building 
was normally designed not only to refl ect the shape 
of the opening but also to coordinate with other 
aspects of the overall sett ing such as the architectural 
style, adjacent materials, and interior decoration.  The 
window opening, frame or sash colors, placement 
of the reinforcement, alignment with architectural 
elements, and orientation to natural light also establish 
the relationship between the stained glass and the 
building.  The vibrant colors of opalescent glass, 
which can oft en be read from the exterior, and the 
linear designs of Prairie School windows, which oft en 
harmonize with both the interior and the exterior, are 
two examples that readily demonstrate the importance 
of architectural context to ornamental glass.  

This important relationship between the glass and its 
sett ing, however, can  be weakened or entirely lost over 
the years due to unsympathetic decorating schemes 
or building campaigns, damage, deterioration, inept 
repairs, or the mere accumulation of dirt.  

Changes to the ornamentation and fi nish of the 
structural frame can have an especially  pronounced 
eff ect on the overall appearance of a stained glass 
window or dome.  In the Chicago Cultural Center 
dome the historic fi nishes of the ornamental cast iron 
frame have darkened 
considerably over 
the years, muting the 
dome’s rich personality.  
In strong sunlight the 
glass is so dominant 
that the frame appears 
only as a silhouett e.  
Restoring the vibrancy 
of the historic fi nish is 
necessary to recapture 
the equally important contribution of the frame to 
the original design intent of the dome.  Aft er careful 
investigation to document the historic appearance 
(right), a mock-up section of the frame was regilded 
with aluminum leaf (top).  The dramatic eff ect of 
restoring the dome’s overall context is readily apparent 
aft er only this small section of the frame was refi nished.  



7

Deterioration of Stained and Leaded Glass 

Three elements of leaded glass units are prone to 
damage and deterioration:  the glass itself; the decorative 
elements (mostly applied paint); and the structural 
system supporting the glass.

Glass Deterioration

Glass is virtually immune to natural deterioration.   
Most American glass is quite stable—due to changes 
in glass composition made in the mid-19th century, 
particularly the increased silica content and the use of 
soda lime instead of potash as a source of alkali.  Rarely, 
however, glass impurities or poor processing can cause 
problems, such as minor discoloration or tiny internal 
fractures (particularly in opalescent glass).  And all glass 
can be darkened by dirt; this can oft en be removed.  
However, while glass does not normally deteriorate, 
it is susceptible to scratching or etching by abrasion or 
chemicals, and to breakage.

The greatest cause of breakage or fracture is physical 
impact.  Leaded glass in doors, sidelights, and low 
windows is particularly susceptible to breakage from 
accidents or vandalism.  When set in operable doors 
or windows, leaded glass can crack or weaken from 
excessive force, vibration, and eventually even from 
normal use.  Cracks can also result from improperly 
set nails or points that hold the window in the frame, 
or more rarely, by structural movement within the 
building.  Leaded glass that is improperly annealed 
can crack on its own from internal stress.  (Annealing is 

the process by which the heated glass is slowly cooled; 
the process is akin to tempering metal.)  Glass can also 
disintegrate from chemical instability or the intense heat 
of a fi re.  Finally, windows assembled with long, narrow, 
angular pieces of glass are inherently prone to cracking.  
Oft en the cause of the cracks can be determined by the 
path they travel: cracks from impact typically radiate 
straight from the source.  Stress cracks caused by heat 
or improper annealing will travel an irregular path and 
change direction sharply.

Deterioration of Painted Glass

Painted glass, typically associated with pictorial scenes 
and fi gures found in church windows, oft en presents 
serious preservation challenges.  If fi red improperly, 
or if poor quality mixtures were used, painted glass is 
especially vulnerable to weathering and condensation.  
Some studios were notorious for poorly fi red paints 
(particularly those working with opalescent glass), 
while others had outstanding reputations for durable 
painted glass.  Paints can be applied cold on the glass or 
fused in a kiln.  Since they are produced from ground 
glass, enamels do not “fade,” as oft en suggested, but 
rather fl ake off  in particles.  Several steps in the painting 
process can produce fragile paint that is susceptible 
to fl aking.  If applied too thick, the paint may not fuse 
properly to the glass, leaving small bubbles on the 
surface.  This condition, sometimes called “frying,” 
can also result from poor paint mixtures or retouching.  
Paint failure is more commonly caused by under fi ring 
(i.e., baking the glass either at too low a temperature or 
for too litt le time).  Unfortunately, in American stained 
glass, the enamels used to simulate fl esh tones were 
typically generated from several layers that were fi red 
at too low a temperature.  This means the most diffi  cult 
features to replicate—faces, hands and feet—are oft en 
the fi rst to fl ake away (Fig. 11).

Structural Deterioration

The greatest and the most common threat to leaded 
glass is deterioration of the skeletal structure that 
holds the glass.  The structure consists of frame 
members, and lead or zinc (and occasionally brass or 
copper) came that secures individual pieces of glass.  
Frame members include wood sash and muntins that 
decay, steel t-bars and “saddle bars” that corrode, and 
terra cott a or stone tracery that can fracture and spall 
(Fig. 12).  When frames fail, leaded glass sags and 
cracks due to insuffi  cient bracing; it may even fall out 
from wind pressure or vibration.  

Wood sash are nearly always used for residential 
windows and are common in many institutional 
windows as well.  Left  unprotected, wood and glazing 
compounds decay over time from moisture and 
exposure to sunlight—with or without protective storm 
glazing—allowing glass to fall out.  

Figure 11.  The face paint has failed substantially in the fi gure at the 
left .  Ghost images of the feature are barely visible.  Window (1903) 
by Edwin P. Sperry, glass by Tiff any Studios; “Old Main,” (1891-
1893) Illinois Institute of Technology, Chicago.  Photo:  Rolf Achilles.
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Steel frames and saddle bars (braces) corrode when not 
maintained, which accelerates the deterioration of the 
glazing compound and loosens the glass.  Moreover, 
operable steel ventilators and windows are designed to 
tight tolerances.  Neglect can lead to problems.  Eventually, 
they either fail to close snugly or corrode completely shut.  
The leaded glass is then frequently reinstalled in aluminum 
window units, which require wider sections for equal 
strength and typically results in an inch or more of the 
glass border being trimmed.  Instead of relocating glass in 
aluminum frames, historic steel frames should be repaired.  
Oft en the corrosion is superfi cial; frames in this condition 
need prepping, painting with a good zinc-enriched paint, 
and realigning in the frame.

Masonry frames typically last a long time with few 
problems, but removing leaded glass panels set in 
hardened putt y or mortar can be nearly impossible; as 
a last resort, glass borders may have to be sacrifi ced to 
remove the window.  

Occasionally, leaded glass was designed or fabricated 
with inadequate bracing; this results in bulging or bowing 
panels; leaded panels should generally not exceed 14 linear 
feet (4.25 m) around the perimeter without support.  More 
oft en, the placement of bracing is adequate, but the tie-wires 
that att ach the leaded panels to the primary frame may be 
broken or disconnected at the solder joints.

Lead and zinc cames are the two most common assembly 
materials used in stained and other “leaded” glass.  The 
strength and durability of the leaded panel assembly 
depends upon the type of came, the quality of the 
craft smanship, and the glazing concept or design, as well 
as on the metallic composition of the cames, their cross-
section strength, how well they are joined and soldered, 
and the leading patt ern within each panel.   Came is prone 
to natural deterioration from weathering and from thermal 
expansion and contraction, which causes metal fatigue.  

The inherent strength of the assembly system is also related 
to the cross-section, profi le and internal construction of 

Came Types and Properties

Lead Came 
Lead is a soft  malleable metal (it can be 
scratched with a fi ngernail).  It naturally 
produces a protective dark bluish-gray 
patina.  In the mid-19th century, improved 
smelting processes enabled manufacturers to 
extract valuable metal impurities from lead, 
thereby producing 100% pure lead came.  
The industry reasoned that 100% pure lead 
came was superior to the less pure variety.  
Although pure lead came is very workable 
and contributes to intricate designs, time has 
proven it to be less durable than medieval 
came, which contained trace elements of tin, 
copper, silver, and antimony.  Unfortunately, 
the misconception that pure lead had greater 
longevity continued throughout the glory 
years of leaded glass use in America.  Most 
glass conservators use a 100-year rule of 
thumb for the general life expectancy of 19th 
century came.  In the 1970s, “restoration 
lead” (ASTM B29-84) was developed based 
on metallurgic analyses of medieval cames, 
some of which have lasted for centuries.  
Restoration lead should always be used 
when releading historic windows, unless the 
original integrity will be compromised.

Zinc Came
Zinc came is more vulnerable to atmospheric 
corrosion (particularly from sulfuric acids) 
than lead, but has proven to be durable in 
America because it weighs 40% less than 
lead and its coeffi  cient of expansion is 7% 
lower.  Thus, it is somewhat less susceptible 
to fatigue from expansion and contraction.  
Moreover, it is ten times harder than lead, 
and has three times the tensile strength.  Zinc 
came is strong enough to be self-supporting 
and requires litt le bracing to interrupt the 
window’s design.  While zinc came is perfect 
for the geometric designs of Prairie School 
windows, it is usually too stiff  to employ 
in curvilinear designs.  Zinc can also take 
several fi nishes, including a copper or black 
fi nish.  (As a result, zinc can be mistaken for 
copper or brass.)

Other Came
Other metals, primarily solid brass and 
copper, were also occasionally employed 
as came.  They are generally found only in 
windows between ca. 1890 and ca. 1920.  
Frank Lloyd Wright started with zinc in 1893, 
was plating the zinc with copper by the late 
1890s, and using solid copper by 1906.

Figure 12.  Stained glass frames are typically wood, steel or stone; 
however, other materials, and their inherent problems, can also be found 
as seen in this photograph of cracked terra cott a frames from 1926.  




