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Major repairs to windows are sometimes 
part of a larger preservation project.  In 
such cases, the risk of damaging the 
windows can be very great if their removal 
and reinstallation have not been carefully 
planned.  When major building repairs 
are also to take place, the windows should 
be removed fi rst to prevent damage 
during other work.  Windows should 
be reinstalled as the next-to-last step 
in the larger project (followed by the 
painters or others working on the fi nishes 
surrounding the stained glass).

And glass should be protected whenever 
other work is undertaken on buildings-
-whether or not the windows are also 
to be repaired.  External scaff olding, for 
example, erected for repointing or roofi ng 
projects, may off er vandals and thieves 
easy access to windows and, through 
them, to building interiors.  Stained 
and leaded glass should always be well 
protected whenever chemical cleaners 
are used on the exterior of the building; 
some products, such as hydrofl uoric-acid 
cleaners, will cause irreversible damage.  

Repairs to Glass

Minor repairs, such as replacing a few 
isolated pieces of broken glass, can be 
performed in place.  This work, typically 
called a “drop-in,” “stop-in,” or “open-
lead” repair, entails cutt ing the came 
fl ange around the broken piece of glass at 
the solder joints, folding it back to repair 
or replace the old glass, and resoldering 
the joints.  Repairing a zinc came window 
is not as easy.  Zinc cames are too stiff  to 
open up easily, so they must be cut open 
with a small hack saw and dismantled 
until the broken area is reached.  The 
glass is then repaired or replaced and 
the window is reassembled.  New cames 
can be patinated to harmonize with 
the originals--but only with diffi  culty.  
Repatination should never be att empted 
in place, since it is impossible to clean off  
harmful residues trapped under the came.

Original glass should be retained 
whenever possible, even though it may be 
damaged.  Replacement glass that exactly 
or closely matches the original piece can 
be very diffi  cult to fi nd, and costly to 
make.  An endless variety of glass colors 
and textures were produced, and given 
the delicate chemistry of glassmaking, 
even samples from the same run can 
be noticeably diff erent.  The traditional 

Photographing Stained Glass
Historic stained glass windows, laylights 
and domes should be documented to 
help ensure the best-quality restoration 
in the event of vandalism, fi re or other 
loss.  Photographic documentation 
is also important for insurance and 
investigation purposes when vandalism 
or theft  is involved.  Given the highly 
photogenic nature of stained glass, 
photographs can also serve as artwork 
for guidebooks or other interpretive or 
publicity purposes; quality photographs 
can be especially worthwhile in 
fundraising eff orts.

Photographing stained glass is both 
challenging and rewarding.  Windows and domes lit by daylight can seem 
to be ever changing in visual appearance. They can appear dramatically 
diff erent in any given photograph depending not only on the photographic 
equipment and sett ings used, but also on the time of day, degree of cloud 
cover, the ambient interior light, and a multitude of other factors.  Moreover, 
photographs may diff er depending on the aspect to be captured.  Painted 
fl esh areas and highly translucent Prairie School windows oft en “burn out” 
if photographed in bright sunlight, while faceted jewels and very dense or 
plated opalescent glass oft en look best in direct sunlight.

Generally, exposures should be bracketed to capture the full range of the 
stained glass; the variation in images can permit diff erent images to serve 
diff erent purposes.  Under most circumstances, interior lights should be 
turned off , and the stained glass should be photographed in both transmitt ed 
light (no fl ash) and refl ected light utilizing a fl ash. The fl ash should ideally 
be positioned away from the camera to provide a raking light and to avoid 
refl ected “hot spots.” Although photographing with a fl ash will neutralize 
the transmitt ed light and black out the glass, it reveals the location and 
condition of the lead cames, braces, tie-wires, and other structural elements.

A tripod should be employed for a sharp image whenever using long 
exposures and higher apertures. The subject should be shot as level as 
possible to minimize the distortion known as “parallax.”  Occasionally, 
when shooting a group of windows, it is benefi cial to develop a cardboard, 
Ecuboard, Masonite or similar cutout material to mask the window being 
photographed.   Adjacent windows or windows on the opposite side of the 
room may need to be shaded or blocked to avoid “front lighting” on the 
window from competing with the transmitt ed light.  Windows should also 
be photographed from the outside if there is no protective glazing to interfere 
with the view.  This is particularly important with opalescent glass, which 
oft en was intended to be read from the exterior as well as the interior.

Some glass projects warrant a visual representation of the stained glass 
window to be in place during restoration. Aft er establishing the existing 
window dimensions, a photograph of the stained glass window can be 
enlarged to full scale and copied on adhesive-backed transparent fi lm. In 
essence a decal, it can then be applied to acrylic or polycarbonate sheets 
and used as a temporary replacement to fi ll the opening (above).   Such fi lm 
decals are sensitive to light and will not last indefi nitely.  However, they are 
reasonably convincing from a distance and can last a year or longer while the 
actual window is being restored.
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secrecy that shrouds the glassmaking trade to this 
very day, as well as environmental bans of historically 
popular ingredients such as lead and cobalt for deep 
blues and greens, further hinders accurate reproductions.  
Therefore, it is nearly always bett er to use an imperfect 
original piece of glass than to replace it (Fig. 15).  If the 
paint is failing on a prominent feature of a window, a 
coverplate of thin, clear glass can be painted and placed 
over the original.  (The coverplates must be att ached 
mechanically, rather than laminated, so that they can 
be removed later if necessary.)  A reverse image of the 
fading feature should be painted on the backside of the 
coverplate in order to get the two painted images as close 
together as possible.  With repetitive designs, stencils can 
be created to produce multiple duplicates.  

Sometimes replacement is the only option.  Fortunately, 
custom glass houses still exist, including the company 
that originally supplied much of the glass for Tiff any 
commissions.  Stained and leaded glass has also 
experienced a resurgence in popularity, and American 
glassmakers have revived many types of historic glass.

When missing, shatt ered, or poorly matched glass from 
later repairs must be replaced, the new pieces should be 
scribed on the edge (under the came) with the date to 
prevent any confusion with original glass in the future.

Glass cracks will enlarge over time as the contacting 
edges grind against each other, whenever the window is 
subject to vibration, thermal expansion and contraction, 
and other forces such as building movement. Therefore, 
it is important to repair cracks across important features 
as soon as they are detected and while a clean break 
remains.  Years ago, cracks were typically repaired with 
a “Dutchman” or “false lead” by simply splicing in a 
cover lead fl ange over a crack.  Although this conceals 
the crack, it creates an even larger visual intrusion and 
provides no bond to the glass.  Today, there are three 
primary options for repairing broken glass:  copper foil, 
epoxy edge-gluing (Fig. 16), and silicone edge-gluing.  
These techniques diff er in strength, reversibility, and 

visual eff ect, and the appropriate repair must be selected 
on a case-by-case basis by a restoration specialist.

Copper Foiling:  Copper foil has the longest history 
and, unless the glass is unstable, is generally the best 
option when a piece of glass has only one or two cracks.  
Copper foil is a thin tape that is applied along each side 
of the break, trimmed to a minimal width on the faces, 
and soldered.  A copper wire can be soldered on where 
additional strength is required.  However, copper foil 
repairs should not be used on unstable glass, since heat 
is required that can cause further damage. Copper foil 
produces a strong repair, is totally reversible, and has a 
negligible aesthetic impact (a 1/16” [1.6mm] wide line).   

Epoxy Edge-Gluing:  This technique produces a 
nearly invisible line and is oft en used on painted glass, 
particularly focal points of a window such as a face, or 
a portion of sky intended to be one continuous piece.  
Epoxy can even be tinted to match the glass.  It is also 
used for infusing shatt ered glass or microscopic cracks 
caused by intense heat from a fi re.  Epoxy produces 
a very strong repair, but will deteriorate in sunlight 
and requires secondary glazing to protect it from UV 
degradation.  Epoxy is the least reversible of the three 
techniques, and usually the most expensive.  

Silicone Edge-Gluing:  This repair method has the 
lowest strength and should be used when a fl exible joint 
is desirable—if, for instance, the window will be under 
continuous stress.  Silicone repairs are easily reversible, 
and can be removed with a razor blade—when they 
are done correctly, that is.  Silicone edge-gluing is not 
the same as smearing silicone all over the glass.  This 
unfortunate practice, seen throughout the country, is 
useless as a repair technique, and usually causes more 
damage than if the glass were left  alone.  Silicone is 
almost clear, but it refracts light diff erently from glass 
and is, thus, easily detectable.  Silicone is not aff ected by 
temperature, humidity or UV light.  Silicone repairs are 
typically the least expensive repair option.

Figure 15.  To permit repair of the cracked glass, the original lead 
overlay is fi rst salvaged from this historic leaded panel of silhouett e 
glass to retain as much of the original work as possible.   

Figure 16.  A valuable historic piece of original hand-painted glass is 
carefully edge-glued with epoxy. 
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Repairs to Structural Support Systems

Windows may have detached from the saddle bars and 
begun to sag, bulge, and bow extensively.  This point 
varies from window to window.  Generally, however, a 
window sagging or bulging more than 1½” (38mm) out of 
plane has reached the point where it should be removed 
from the opening to be fl att ened out.  Under these 
conditions, it is essential to note if the support system or 
leading patt ern has failed so it may be corrected before 
the window is reinstalled.  The window must be allowed 
to fl att en over a few weeks in a horizontal position.  This 
will minimize stress on the solder joints and glass.  A 
moderate weight and  controlled heat will help coax the 
window back into its original plane.  The process requires 
patience.  Once the window has fl att ened, the original 
support system should be reatt ached and additional 
support added as necessary.  It is crucial to consider the 
original design so the new support bars do not intrude on 
important window features.  Sometimes small thin braces 
or “fi ns” can be manipulated to follow existing lead lines 
exactly.  These give support, but are almost invisible.  
Flatt ening windows also provides a good opportunity 
to apply new waterproofi ng to help prevent further 
deterioration.  Today, a wide variety of traditional and 
synthetic compounds are employed.

Windows should only be removed when they need to be 
fl att ened, waterproofed, reinforced, or releaded.  Allow 
plenty of time for careful, thorough work.  Large projects 
can take several months, especially if complete releading 
is necessary.  Owners, consulting professionals, and 
construction managers must therefore ensure that vacant 
openings will be weathertight for an extended period—
whether the openings are covered by plywood, acrylics, 
or polymer fi lm.  If desired, images of the window can be 
printed on adhesive fi lm and applied to rigid plastic and 
installed in the openings as temporary facsimiles during 
studio restoration. 

Rebuilding or releading a window is an expensive and 
involved process.  The releading process requires that a 
window be disassembled before it can be reassembled 
(Fig. 17).  The glass pieces must be removed from the 
cames, the old cement must be cleaned from each piece 
of glass, and all the pieces must be rejoined precisely.  
At every step the process involves the risk of damaging 
the glass.  Furthermore, exceptional studios had unique 
leading techniques, and thus the cames should not 
be replaced casually.  Total releading should only be 
undertaken when necessary to avoid or slow the loss 
of historic fabric.  (It is essential to request a copy of all 
window rubbings if the windows are to be completely 
releaded.)   

Lead and zinc cames, however, are intended to be a 
sacrifi cial element of a glass unit assembly, as mortar 
is to brick and paint is to wood; came will break down 
long before glass and must ultimately be replaced; came 
typically lasts 75 to 200 years depending on the window’s 
quality, design and environment.  A common preservation 

confl ict arises in releading historic windows:  whether to 
retain historical accuracy by using the existing profi le, or 
to use came with a stronger profi le for greater longevity.  
The decision must be carefully weighed depending on 
the signifi cance of the window, the contribution of the 
came profi le to the overall design, and the severity of 
the deterioration caused by a thin or weak came.  In 
most windows, the came profi le is essentially lost in 
transmitt ed light, but occasionally shadow lines are 
important and should be reproduced.   Furthermore, 
it is important to correct technical problems that arise 
from fl imsy original came.  Occasionally, a slightly 
heft ier came may be the best solution to resolve weak 
panels that have not proven the test of time.  Under 
these circumstances, the thicker lead came (even if only 
1/64” [0.4mm]) will cause a re-leaded panel to swell 
slightly, and the frame or perimeter leads may have 
to be trimmed to fi t the opening.  (Trimming the glass 
should be the very last resort.)  This would not be an 
appropriate solution in a museum-quality restoration or 
for a highly signifi cant window.

Protective Glazing and Screens

The use of protective glazing (also known as 
secondary or storm glazing) is controversial.  Potential 
benefi ts of protective glazing are that it can shield 
windows from wind pressure; increase energy 
savings; protect against environmental pollutants and 
UV light; provide vandalism and security protection, 
and reduce window maintenance.  Potential 
drawbacks are that it can promote condensation; cause 
heat to build up in the air space and thereby increase 
the window’s expansion/contraction; eliminate natural 
ventilation; reduce access for maintenance; off er a 
poor energy payback for the cost, and signifi cantly 
mar the building’s appearance.  Protective glazing is 
oft en presented as a cheaper alternative to full-scale 
restoration.  And all too oft en protective glazing is 
installed as a routine matt er when there is litt le threat 
of damage from vandalism or other causes.  Protective 
glazing, especially when improperly installed, may 
hasten deterioration of stained glass windows.  

Figure 17.  Total releading is very time consuming and costly and 
should only be undertaken when the original lead is exhausted 
beyond repair.
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Domes and Ceilings 

Stained glass domes and ceilings were very 
popular throughout the Victorian and Classical 
Revival periods.  They are oft en principal 
interior features of churches, hotels, restaurants, 
railway stations, and civic buildings.  The loss or 
unsympathetic alteration of leaded glass ceilings 
and domes is a widespread problem.  Poorly 
planned rehabilitation projects sometimes cause 
the unnecessary removal or alteration of overhead 
leaded glass in order to comply with fi re codes or 
to achieve perceived energy savings; occasionally, 
they are even concealed above suspended ceilings.

Moreover, stained glass in the horizontal position 
readily collects dust and dirt over the years 
and is relatively inaccessible for cleaning.  It is 
also more likely to “creep” or slump when the 
reinforcement is inadequate.  Most importantly, 
leaded glass cannot be suffi  ciently weatherproofed 
in a horizontal (or arched) position.  It must always 
be protected by skylights or “diff users”—rooft op 
features that diff use the natural daylight into the 
att ic or light shaft , and protect the leaded glass 
ceiling or dome from the elements (a).

Due to the inferior quality of glazing sealants of the 
late 19th and early 20th centuries, and to deferred 
maintenance, glass ceilings have frequently been 
removed or covered with roofi ng materials.  
Artifi cial lighting is then required to backlight the 
ceiling or dome, which robs the stained glass of its 
life−the vibrant eff ects created by ever-changing 
natural light.  All types of artifi cial lighting can 
be found from fl oodlamps to fl uorescent tubes.  
Outside sensors are even used to modulate the 
light level in an att empt to simulate changes in 
daylight.  However, daylight is impossible to 
emulate.  Moreover, it’s free.  Artifi cial lighting 
requires maintenance, introduces an additional 
fi re hazard in the att ic, increases the building’s 
electrical load, and is supplied only at a fi nancial 
and environmental cost.

Stained glass ceilings and domes that have been 
sealed off  from natural light should be investigated 
for restoration.  Once natural light is restored and 
the stained glass is cleaned, the lighting eff ect 
on an interior can be extraordinary.  Improved 
skylight designs and major advances in glazing 
sealants since World War II (particularly silicones) 
encourage the restoration of skylights without the 
fear of inheriting a maintenance nightmare (b).

(a) Stained glass ceilings and domes are oft en principal interior 
features of churches, hotels, restaurants, railway stations, and 
civic buildings.  This vaulted ceiling illuminates the Cypress Lawn 
Memorial Gardens mausoleum in Colma, California.  The panel 
removed reveals the diff using skylight above.

(b) Workers install a jeweled art glass oculus of a Healy & Millet 
dome.  The diff using skylight was restored overhead to reintroduce 
daylight to the historic 1897 dome aft er being roofed over since the 
1940s.   
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Figure 18. On this pair of neo-gothic church windows, the 
aluminum frame grid used for protective glazing disregards 
the original tracery of the window on the left .  The grid mars 
the appearance of the window inside and out.  It also impairs 
the overall historic character of the building.  The plastic 
storm glazing has been removed from the adjacent window to 
restore the original window appearance. 

Various types of metal grills or screens are also used.  
They add security and vandalism protection but also 
impair the appearance of the window (inside and out) 
by creating new shadows that telegraph on the stained 
glass or diff using transmitt ed light. As a general rule, 
protective layers should not be added on historic 
buildings unless the glass sett ing was designed for 
storm glazing.  In most cases the potential drawbacks 
outweigh the potential benefi ts.

Under some circumstances, however, protective glazing 
or screens may be necessary.  (This applies to windows.  
Domes and ceilings present a special case.  See “Domes 
and Ceilings”).  A real vandalism or security threat 
warrants protective glazing, such as when the windows 
can be reached easily or are in an isolated location.  
Protective glazing is also warranted when employed 
historically on a particular window as original plating 
(Tiff any Studios, for example, oft en used plate glass 
to keep dirt and moisture out of their multi-plated 
windows).  Unusual circumstances (such as when the 
windows are painted on the outside) may also dictate 
the use of protective glazing. Finally, protective glazing 
is warranted when a UV fi lter is needed to prevent 
epoxy glass repairs from breaking down.  

A variety of protective glazing materials are available.  
They include polycarbonates, acrylics, laminated 
glass, plate glass, and tempered glass.  The plastic 
products are very strong, lightweight, and relatively 
easy to install, but will scratch, haze, and yellow over 
time, despite UV inhibitors.  They also have a high 
coeffi  cient of expansion and contraction, so the frames 
must be designed to accommodate change induced 
by temperature fl uctuations.  Poor installations in 
restrictive frames cause distorted refl ections from 
bowing panels oft en damaging the historic frame.  
Protective panels of glass are heavier and more diffi  cult 
to install, making them more expensive than plastic.  
However, glass will not bow, scratch, or haze and is 
usually the best option in aesthetic terms; laminated 
glass provides additional impact resistance.

A common error in installing protective glazing is to 
create a new window confi guration (Fig. 18).  Insensitive 
installations that disregard the original tracery destroy the 
window’s aesthetics—and the building’s.  When protective 
glazing is added, it should be ventilated.  If a window is 
not ventilated, heat and condensation may build up in the 
air space between the ornamental glass and the protective 
glazing (creating a “greenhouse eff ect”).    

When absolutely necessary, protective glazing should be 
installed in an independent frame between ⅝” (16mm) 
and 1” (25mm) from the leaded glass.  This allows the 
protective panel to be removed for periodic maintenance 
of both the historic window and the new glazing.  The 
conditions of the air space between the two layers should 
be monitored on a regular basis; condensation should 
never collect on the window.  

No ideal formulas have been developed for venting the 
air space between the ornamental glass and the protective 
glazing, but it is typically vented to the outside (unless the 
building is air conditioned most of the year).  Generally, 
a gap of several inches is left  at the top and bott om when 
glass is used, or holes are drilled in the protective glazing 
at the top and bott om when polycarbonates and acrylics 
are used.  Small screens or vents should be added to keep 
out insects.  Finally, it is important to realize that most 
original plating was “rough plate” or “ribbed” and never 
had a modern polished refl ection.  Some glass tinted the 
transmitt ed light intentionally, as originally designed: in 
this case any new or replacement plating should simulate 
this eff ect to respect the artisan’s intention.

Conclusion

Much of the Nation’s stained glass and leaded glass has 
recently passed, or is quickly approaching, its 100th 
anniversary—yet much of this glass has not been cleaned 
or repaired since the day it was installed.  With proper 
care, the stained and leaded windows, transoms, and other 
elements that add so much to historic buildings can easily 
last another century.
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Wooden frame of the rose window undergoing repair (exterior view). 

Cover Photograph:  Tiff any Studios opalescent art glass frame 
from 1914, originally installed in a dome over the Men’s Grill in 
Marshall Field’s, Chicago.
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