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The Secretary of the Interior is responsible for establishing professional standards and providing advice on the
preservation and protection of cultural resources listed in or eligible for listing in the National Register of Historic
Places. The Secretary of the Interior's Standards for the Treatment ofHistoric Properties apply to all proposed
development grant-in-aid projects assisted through the National Historic Preservation Fund (HFP) and are intended
to be applied to a wide variety of resource types, including buildings, sites, structures, objects, and districts. They
address four treatments: Preservation, Rehabilitation, Restoration, and Reconstruction. The treatment Standards,
developed in 1992, were codified as 36 CFR 68 in the July 12, 1995 Federal Register (Vol. 60, No. 133). They
replace the 1978 and 1983 versions of 36 CFR 68 entitled, "The Secretary of the Interior's Standards for Historic
Preservation Projects." These Guidelines also replace the Guidelines published in 1979 to accompany the earlier
Standards.
Please note that the "Standards for Rehabilitation" as specified in another regulation, 36 CFR 67, should always be
used when property owners are seeking certification for the Federal tax benefits available for "certified
rehabilitations" of "certified historic structures."
The Standards for Reconstruction and Guidelines for Reconstructing Historic Buildings are not included in this excerpt.

Introduction
Choosing an Appropriate Treatment for the Historic Building
The Standards are neither technical nor prescriptive, but are intended to promote responsible
preselVation practices that help protect our Nation's irreplaceable cultural resources. For example,
they cannot, in and of themselves, be used to make essential decisions about which features of the
historic building should be saved and which can be changed. But once a treatment is selected, the
Standards provide philosophical consistency to the work.
Choosing the most appropriate treatment for a building requires careful decision-making about a
building's historical significance, as well taking into account a number of other considerations:
Relative importance in history. Is the building a nationally significant resource--a rare sUlVivor or
the work of a master architect or craftsman '? Did an important event take place in it? National
Historic Landmarks, designated for their "exceptional significance in American history," or many
buildings individually listed in the National Register often warrant Preservation or Restoration.
Buildings that contribute to the significance of a historic district but are not individually listed in the
National Register more frequently undergo Rehabilitation for a compatible new use.
Physico/. condition. What is the existing condition--or degree of material integrity--ofthe building
prior to work? Has the original form sUlVived largely intact or has it been altered over time'? Are the
alterations an important part of the building'S history? Preservation may be appropriate if distinctive
materials, features, and spaces are essentially intact and convey the building'S historical significance.
If the building requires more extensive repair and replacement, or if alterations or additions are
necessary for a new use, then Rehabilitation is probably the most appropriate treatment. These key
questions play major roles in determining what treatment is selected.
Proposed u.~e. An essential, practical question to ask is: Will the building be used as it was
historically or will it be given a new use'? Many historic buildings can be adapted for new uses
without seriously damaging their historic character; special-use properties such as grain silos, forts,
ice houses, or windmills may be extremely difficult to adapt to new uses without major intervention
and a resulting loss of historic character and even integrity.
Mandated code requirements. Regardless of the treatment, code requirements will need to be taken
into consideration. But if hastily or poorly designed, a series of code-required actions may
jeopardize a building'S materials as well as its historic character. Thus, if a building needs to be
seismically upgraded, modifications to the historic appearance should be minimal. Abatement of
lead paint and asbestos within historic buildings requires particular care if important historic finishes
are not to be adversely affected. Finally, alterations and new construction needed to meet
accessibility requirements under the Americans with Disabilities Act of 1990 should be designed to
minimize material loss and visual change to a historic building.
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Using the Standards and Guidelines
The Secretary of the Interior's Standardsfor the Treatment of Historic Properties with Guidelines
for Preserving, Rehabilitating, Restoring and Reconstructing Historic Buildings are intended to
provide guidance to historic building owners and building managers, preservation consultants,
architects, contractors, and project reviewers prior to treatment.

As noted, while the treatment Standards are designed to be applied to all historic resource types
included in the National Register of Historic Places--buildings, sites, structures, districts, and objects-the Guidelines apply to specific resource types; in this case, buildings.
The Guidelines have been prepared to assist in applying the Standards to all project work;
consequently, they are not meant to give case-specific advice or address exceptions or rare instances.
Therefore, it is recommended that the advice of qualified historic preservation professionals be
obtained early in the planning stage of the project. Such professionals may include architects,
architectural historians, historians, historical engineers, archeologists, and others who have
experience in working with historic buildings.
The Guidelines pertain to both exterior and interior work on historic buildings of all sizes, materials,
and types. Those approaches to work treatments and techniques that are consistent with The
Secretary of the Interior's Standards/or the Treatment of Historic Properties are listed in the
"Recommended" column on the left; those which are inconsistent with the Standards are listed in
the "Not Recommended" column on the right.
The Standards for the first treatment, Preservation, require retention of the greatest arnount of
historic fabric, along with the building's historic form, features, and detailing as they have evolved
over time. The Rehabilitation Standards acknowledge the need to alter or add to a historic building
to meet continuing or new uses while retaining the building's historic character. The Restoration
Standards allow for the depiction of a building at a particular time in its history by preserving
materials from the period of significance and removing materials from other periods. The
Reconstnlction Standards establish a limited framework for re-creating a vanished or non-surviving
building with new materials, primarily for interpretive purposes.
The Guidelines are preceded by a brief historical overview of the primary historic building materials
(masonry, wood, and architectural metals) and their diverse uses over time. Next, building features
comprised of these materials are discussed, beginning with the exterior, then moving to the interior.
Special requirements or work that must be done to meet accessibility requirements, health and safety
code requirements, or retrofitting to improve energy efficiency are also addressed here. Although
usually not part of the overall process of protecting historic buildings, this work must also be
assessed for its potential impact on a historic building.

Historical Overview of Windows
Technology and prevailing architectural styles have shaped the history of windows in the United
States starting in the 17th century with wooden casement windows with tiny glass panes seated in
lead carnes. From the transitional single-hung sash in the early 1700s to the true double-hung sash
later in the century, these early wooden windows were characterized by small panes, wide muntins,
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and decorative trim. As the sash thickness increased, muntins took on a thinner appearance as they
narrowed in width but increased in thickness.
Changes in technology led to larger panes of glass so that by the mid-19th century, two-over-two
lights were common; the manufacture of plate glass in the United States allowed for use of large
sheets of glass in commercial and office buildings by the late 19th century. With mass-produced
windows, mail order distribution, and changing architectural styles, it was possible to obtain a wide
range of window designs and light patterns in sash. Early 20th century designs frequently utilized
smaller lights in the upper sash and also casement windows. The desire for fireproof building
construction in dense urban areas contributed to the growth of a thriving steel window industry along
with a market for hollow metal and metal clad wooden windows.
As one of the few parts of a building serving as both an interior and exterior feature, windows are
nearly always an important part of a historic building.

~
f
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Standards for Preservation and Guidelines for Preserving Historic Buildings
Preservation is defined as the act or process of applying measures necessary to sustain the
existing form, integrity, and materials of an historic property. Work, including preliminary
measures to protect and stabilize the property, generally focuses upon the ongoing
maintenance and repair of historic materials and features rather than extensive replacement
and new construction. New exterior additions are not within the scope of this treatment;
however, the limited and sensitive upgrading of mechanical, electrical, and plumbing
systems and other code-required work to make properties functional is appropriate within a
preservation project.

Standards for Preservation
1. A property will be used as it was historically, or be given a new use that maximizes the retention
of distinctive materials, features, spaces, and spatial relationships. Where a treatment and use have
not been identified, a property will be protected and, if necessary, stabilized until additional work
may be undertaken.
2. The historic character of a property will be retained and preserved. The replacement of intact or
repairable historic materials or alteration of features, spaces, and spatial relationships that
characterize a property will be avoided.
3. Each property will be recognized as a physical record of its time, place, and use. Work needed to
stabilize, consolidate, and conserve existing historic materials and features will be physically and
visually compatible, identifiable upon close inspection, and properly documented for future research.
4. Changes to a property that have acquired historic significance in their own right will be retained
and preserved.
5. Distinctive materials, features, finishes, and construction techniques or examples of craftsmanship
that characterize a property will be preserved.
6. The existing condition of historic features will be evaluated to determine the appropriate level of
intervention needed. Where the severity of deterioration requires repair or limited replacement of a
distinctive feature, the new material will match the old in composition, design, color, and texture.
7. Chemical or physical treatments, if appropriate, will be undertaken using the gentlest means
possible. Treatments that cause damage to historic materials will not be used.
8. Archeological resources will be protected and preserved in place. If such resources must be
disturbed, mitigation measures will be undertaken.
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Guidelines for Preserving Historic Buildings
In Preservation, the options for replacement are less extensive than in the treatment, Rehabilitation.
This is because it is assumed at the outset that building materials and character-defining features are
essentially intact, i.e, that more historic fabric has survived, unchanged over time. The expressed
goal of the Standards for Preservation and Guidelines for Preserving Historic Buildings is
retention of the building's existing form, features and detailing. This may be as simple as basic
maintenance of existing materials and features or may involve preparing a historic structure report,
undertaking laboratory testing such as paint and mortar analysis, and hiring conservators to perform
sensitive work such as reconstituting interior finishes. Protection, maintenance, and repair are
emphasized while replacement is minimized.
Identify, Retain, and Preserve Historic Materials and Features
The guidance for the treatment Preservation begins with recommendations to identify the fonn and
detailing of those architectural materials and features that are important in defining the building's
historic character and which must be retained in order to preserve that character. Therefore, guidance
on identifying, retaining, and preserving character-defining features is always given first. The
character of a historic building may be defined by the form and detailing of exterior materials, such
as masonry, wood, and metal; exterior features, such as roofs, porches, and windows; interior
materials, such as plaster and paint; and interior features, such as moldings and stairways, room
configuration and spatial relationships, as well as structural and mechanical systems; and the
building'S site and setting.
Stabilize Deteriorated Historic Materials and Features as a Preliminary Measure
Deteriorated portions of a historic building may need to be protected thorough preliminary
stabilization measures until additional work can be undertaken. Stabilizing may include structural
reinforcement, weatherization, or correcting unsafe conditions. Temporary stabilization should
always be carried out in such a manner that it detracts as little as possible from the historic building'S
appearance. Although it may not be necessary in every preservation project, stabilization is
nonetheless an integral part of the treatment Preservation; it is equally applicable, if circumstances
warrant, for the other treatments.
Protect and Maintain Historic Materials and Features
After identifying those materials and features that are important and must be retained in the process
of Preservation work, then protecting and maintaining them are addressed. Protection generally
involves the least degree of intervention and is preparatory to other work. For example, protection
includes the maintenance of historic materials through treatments such as rust removal, caulking,
limited paint removal, and re-application of protective coatings; the cyclical cleaning of roof gutter
systems; or installation of fencing, alarm systems and other temporary protective measures.
Although a historic building will usually require more extensive work, an overall evaluation of its
physical condition should always begin at this level.
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Repair (Stabilize, Consolidate, and Conserve) Historic Materials and Features
Next, when the physical condition of character-defining materials and features requires additional
work, repairing by stabilizing, consolidating, and con.tterving is recommended. Preservation
strives to retain existing materials and features while employing as little new material as possible.
Consequently, guidance for repairing a historic material, such as masonry, again begins with the least
degree of intervention possible such as strengthening fragile materials through consolidation, when
appropriate, and repointing with mortar of an appropriate strength. Repairing masonry as well as
wood and architectural metal features may also include patching, splicing, or otherwise reinforcing
them using recognized preservation methods. Similarly, within the treatment Preservation, portions
of a historic structural system could be reinforced using contemporary materials such as steel rods.
All work should be physically and visually compatible, identifiable upon close inspection and
documented for future research.
Limited Replacement In Kind of Extensively Deteriorated Portions of Historic Features
If repair by stabilization, consolidation, and conservation proves inadequate, the next level of
intervention involves the limited replacement in kind of extensively deteriorated or missing parts of
features when there are surviving prototypes (for example, brackets, dentils, steps, plaster, or portions
of slate or tile roofing). The replacement material needs to match the old both physically and
visually, i.e., wood with wood, etc. Thus, with the exception of hidden structural reinforcement and
new mechanical system components, substitute materials are not appropriate in the treatment
Preservation. Again, it is important that all new material be identified and properly documented for
future research.
If prominent features are missing, such as an interior staircase, exterior cornice, or a roof dormer,
then a Rehabilitation or Restoration treatment may be more appropriate.
Energy Efficiency/Accessibility Considerations/Health and Safety Code Considerations
These sections of the Preservation guidance address work done to meet accessibility requirements
and health and safety code requirements; or limited retrofitting measures to improve energy
efficiency. Although this work is quite often an important aspect of preservation projects, it is
usually not part of the overall process of protecting, stabilizing, conserving, or repairing characterdefining features; rather, such work is assessed for its potential negative impact on the building'S
historic character. For this reason, particular care must be taken not to obscure, damage, or destroy
character-defining materials or features in the process of undertaking work to meet code and energy
requirements.
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Guidelines for Preserving Historic Windows
Recommended
Identifving, retaining, and preserving
windows--and their functional and decorative
features--that are important in defining the
overall historic character of the building. Such
features can include frames, sash, muntins,
glazing, sills, heads, hoodmolds, paneled or
decorated jambs and moldings, and interior and
exterior shutters and blinds.

Not Recommended

Altering windows or window features which are
important in defining the historic character of
the building so that, as a result, the character is
diminished.
Changing the historic appearance of windows by
replacing materials, finishes, or colors which
noticeably change the sash, depth of reveal, and
muntin configuration; the reflectivity and color
of the glazing; or the appearance of the frame.
Obscuring historic window trim with metal or
other material.

Conducting an indepth survey of the condition
of existing windows early in preservation
planning so that repair and upgrading methods
and possible replacement options can be fully
explored.

Replacing windows solely because of peeling
paint, broken glass, stuck sash, and high air
infiltration. These conditions, in themselves,
are no indication that windows are beyond
repair.

Stabilizing deteriorated or damaged windows as
a preliminaty measure, when necessary, prior to
undertaking appropriate preservation work.

Failing to stabilize a deteriorated or damaged
window until additional work is undertaken,
thus allowing further damage to occur to the
historic building.

Protecting and maintaining the wood and
architectural metals which comprise the window
frame, sash, .muntins, and surrounds through
appropriate surface treatments such as cleaning,
rust removal, limited paint removal, and reapplication of protective coating systems.

Failing to provide adequate protection of
materials on a cyclical basis so that deterioration
of the window results.

Making windows weathertight by re-caulking
and replacing or installing weatherstripping.
These actions also improve thennal efficiency.

Retrofitting or replacing windows rather than
maintaining the sash, frame, and glazing.

Evaluating the existing condition of materials to
detennine whether more than protection and
maintenance are required, i.e. if repairs to
windows and window features will be required.

Failing to undertake adequate measures to
assure the protection of historic windows.

Repairing window frames and sash by patching,
piecing-in, consolidating or otherwise

Failing to protect the historic glazing when
repairing windows.
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reinforcing them using recognized preservation
methods. The new work should be
unobtrusively dated to guide future research and
treatment.

Removing material that could be repaired, using
improper repair techniques, or failing to
document the new work.
Failing to reuse serviceable window hard\vare
such as brass sash lifts and sash locks.

The folloWing work is highlighted to indicate that it represents the greatest degree ofintervention
generally recommended within the treatment Preservation, and should only be considered after
protection. stabilization, and repair concerns have been addressed.
Recommended

Not Recommended

Limited Replacement in Kind
Replacing in kind extensively deteriorated or
missing parts of windows when there are
surviving prototypes such as frames, sash, sills,
glazing, and hoodmolds. The new work should
match the old in material, design, color, and
texture; and be unobtrusively dated to guide
future research and treatment.
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Standards for Rehabilitation and Guidelines for Rehabilitating Historic Buildings
Rehabilitation is defined as the act or process of making possible a compatible use for a
property through repair, alterations, and additions while preserving those portions or features
which convey its historical, cultural, or architectural values.

Standards for Rehabilitation
1. A property will be used as it was historically or be given a new use that requires minimal change
to its distinctive materials, features, spaces, and spatial relationships.
2. The historic character of a property will be retained and preserved. The removal of distinctive
materials or alteration of features, spaces, and spatial relationships that characterize a property will be
avoided.
3. Each property will be recognized as a physical record of its time, place, and use. Changes that
create a false sense of historical development, such as adding conjectural features or elements from
other historic properties, will not be undertaken.
4. Changes to a property that have acquired historic significance in their own right will be retained
and preserved.
5. Distinctive materials, features, finishes, and construction techniques or examples of craftsmanship
that characterize a property will be preserved.
6. Deteriorated historic features will be repaired rather than replaced. Where the severity of
deterioration requires replacement of a distinctive feature, the new feature will match the old in
design, color, texture, and, where possible, materials. Replacement of missing features will be
substantiated by documentary and physical evidence.
7. Chemical or physical treatments, if appropriate, wiII be undertaken using the gentlest means
possible. Treatments that cause damage to historic materials will not be used.
8. Archeological resources will be protected and preserved in place. If such resources must be
disturbed, mitigation measures will be undertaken.
9. New additions, exterior alterations, or related new construction will not destroy historic materials,
features, and spatial relationships that characterize the property. The new work shall be differentiated
from the old and will be compatible with the historic materials, features, size, scale and proportion,
and massing to protect the integrity of the property and its environment.
10. New additions and adjacent or related new construction will be undertaken in a such a manner
that, if removed in the future, the essential form and integrity of the historic property and its
environment would be unimpaired.
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Guidelines for Rehabilitating Historic Buildings
In Rehabilitation, historic building materials and character-defining features are protected and
maintained as they are in the treatment Preservation; however, an assumption is made prior to work
that existing historic fabric has become damaged or deteriorated over time and, as a result, more
repair and replacement will be required. Thus, latitude is given in the Standards for Rehabilitation
and Guidelines for Rehabilitation to replace extensively deteriorated, damaged, or missing features
using either traditional or substitute materials. Of the four treatments, only Rehabilitation includes
an opportunity to make possible an efficient contemporary use through alterations and additions.
Identify, Retain, and Preserve Historic Materials and Features
Like Preservation, guidance for the treatment Rehabilitation begins with recommendations to
identify the form and detailing of those architectural materials and features that are important in
defining the building'S historic character and which must be retained in order to preserve that
character. Therefore, guidance on identif.ving, retaining, and preserving character-defining features
is always given first. The character of a historic building may be defined by the form and detailing
of exterior materials, such as masonry, wood, and metal; exterior features, such as roofs, porches, and
windows; interior materials, such as plaster and paint; and interior features, such as moldings and
stairways, room configuration and spatial relationships, as well as structural and mechanical systems.
Protect and Maintain Historic Materials and Features
After identifying those materials and features that are important and must be retained in the process
of Rehabilitation work, then protecting and maintaining them are addressed. Protection generally
involves the least degree of intervention and is preparatory to other work. For example, protection
includes the maintenance of historic material through treatments such as rust removal, caulking,
limited paint removal, and re-application of protective coatings; the cyclical cleaning of roof gutter
systems; or installation of fencing, alarm systems and other temporary protective measures.
Although a historic building will usually require more extensive work, an overall evaluation of its
physical condition should always begin at this level.
Repair Historic Materials and Features
Next, when the physical condition of character-defining materials and features warrants additional
work repairing is recommended. Rehabilitation guidance for the repair of historic materials such as
masonry, wood, and architectural metals again begins with the least degree of intervention possible
such as patching, piecing-in, splicing, consolidating, or otherwise reinforcing or upgrading them
according to recognized preservation methods. Repairing also includes the limited replacement in
kind--or with compatible substitute material--of extensively deteriorated or missing parts of features
when there are surviving prototypes (for example, brackets, dentils, steps, plaster, or portions of slate
or tile roofing). Although using the same kind of material is always the preferred option, substitute
material is acceptable if the form and design as well as the substitute material itself convey the visual
appearance of the remaining parts of the feature and finish.
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Replace Deteriorated Historic Materials and Features
Following repair in the hierarchy, Rehabilitation guidance is provided for rep/acing an entire
character-defining feature with new material because the level of deterioration or damage of materials
precludes repair (for example, an exterior cornice; an interior staircase; or a complete porch or
storefront). If the essential form and detailing are still evident so that the physical evidence can be
used to re-establish the feature as an integral part of the rehabilitation, then its replacement is
appropriate. Like the guidance for repair, the preferred option is always replacement of the entire
feature in kind, that is, with the same material. Because this approach may not always be technically
or economically feasible, provisions are made to consider the use of a compatible substitute material .

It should be noted that, while the National Park Service guidelines recommend the replacement of an
entire character-defining feature that is extensively deteriorated, they never recommend removal and
replacement with new material of a feature that--although damaged or deteriorated--could reasonably
be repaired and thus preserved.
Design for the Replacement of Missing Historic Features
When an entire interior or exterior feature is missing (for example, an entrance, or cast iron facade; or
a principal staircase), it no longer plays a role in physically defining the historic character of the
building unless it can be accurately recovered in form and detailing through the process of carefully
documenting the historical appearance. Although accepting the loss is one possibility, where an
important architectural feature is missing, its replacement is always recommended in the
Rehabilitation guidelines as the first or preferred, course of action. Thus, if adequate historical,
pictorial, and physical documentation exists so that the feature may be accurately reproduced, and if
it is desirable to re-establish the feature as part of the building's historical appearance, then designing
and constructing a new feature based on such information is appropriate. However, a second
acceptable option for the replacement feature is a new design that is compatible with the remaining
character-defining features of the historic building. The new design should always take into account
the size, scale, and material of the historic building itself and, most importantly, should be clearly
differentiated sp that a false historical appearance is not created.
Alterations/Additions for the New Use
Some exterior and interior alterations to a historic building are generally needed to assure its
continued use, but it is most important that such alterations do not radically change, obscure, or
destroy character-defining spaces, materials, features, or finishes. Alterations may include providing
additional parking space on an existing historic building site; cutting new entrances or windows on
secondary elevations; inserting an additional floor; installing an entirely new mechanical system; or
creating an atrium or light well. Alteration may also include the selective removal of buildings or
other features of the environment or building site that are intrusive and therefore detract from the
overall historic character.
The construction of an exterior addition to a historic building may seem to be essential for the new
use, but it is emphasized in the Rehabilitation guidelines that such new additions should be avoided,
if possible, and considered only after it is determined that those needs cannot be met by altering
secondary, i.e., non character-defining interior spaces. If, after a thorough evaluation of interior
solutions, an exterior addition is still judged to be the only viable alterative, it should be designed
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and constructed to be clearly differentiated from the historic building and so that the characterdefining features are not radically changed, obscured, damaged, or destroyed.
Additions and alterations to historic buildings are referenced within specific sections of the
Rehabilitation guidelines such as Site, Roofs, Structural Systems, etc., but are addressed in detail in
New Additions to Historic Buildings, found at the end of this chapter.
Energy Efficiency/Accessibility Considerations/Health and Safety Code Considerations
These sections of the guidance address work done to meet accessibility requirements and health and
safety code requirements; or retrofitting measures to improve energy efficiency. Although this work
is quite often an important aspect of Rehabilitation projects, it is usually not a part of the overall
process of protecting or repairing character-defining features; rather, such work is assessed for its
potential negative impact on the building's historic character. For this reason, particular care must be
taken not to radically change, obscure, damage, or destroy character-defining materials or features in
the process of meeting code and energy requirements.

Guidelines for Rehabilitating Historic Windows
Recommended
Identifying, retaining, and preserving
windows--and their functional and decorative
features--that are important in defining the
overall historic character of the building. Such
features can include frames, sash, muntins,
glazing, sills, heads, hoodmolds, panelled or
decorated jambs and moldings, and interior and
exterior shutters and blinds.

Not Recommended
Removing or radically changing windows which
are important in defining the historic character
of the building so that, as a result, the character
is diminished.
Changing the number, location, size or glazing
pattern of windows, through cutting new
openings, blocking-in windows, and installing
replacement sash that do not fit the historic
window opening.
Changing the historic appearance of windows
through the use of inappropriate designs,
materials, finishes, or colors which noticeably
change the sash, depth of reveal, and muntin
configuration; the reflectivity and color of the
glazing; or the appearance of the frame .
Obscuring historic window trim with metal or
other material.
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Conducting an indepth survey of the condition
of existing windows early in rehabilitation
planning so that repair and upgrading methods
and possible replacement options can be fully
explored.

Stripping windows of historic material such as
wood, cast iron, and bronze.
Replacing windows solely because of peeling
paint, broken glass, stuck sash, and high air
infiltration. These conditions, in themselves,
are no indication that windows are beyond
repair.

Protecting and maintaining the wood and
architectural metals which comprise the window
frame, sash, muntins, and surrounds through
appropriate surface treatments such as cleaning,
rust removal, limited paint removal, and reapplication of protective coating systems.

Failing to provide adequate protection of
materials on a cyclical basis so that deterioration
of the window results.

Making windows weathertight by re-caulking
and replacing or installing weatherstripping.
These actions also improve thermal efficiency.

Retrofitting or replacing windows rather than
maintaining the sash, frame, and glazing.

Evaluating the overall condition of materials to
determine whether more than protection and
maintenance are required, i.e. if repairs to
windows, and window features will be required.

Failing to undertake adequate measures to
assure the protection of historic windows.

Repairing window frames and sash by patching,
splicing, consolidating or otherwise reinforcing.
Such repair may also include replacement in
kind--or with compatible substitute material--of
those parts that are either extensively
deteriorated or are missing when there are
surviving prototypes such as architraves,
hoodmolds, sash, sills, and interior or exterior
shutters and blinds.

Replacing an entire window when repair of
materials and limited replacement of
deteriorated ot missing parts are appropriate.

Replacing in kind an entire window that is too
deteriorated to repair using the same sash and
pane configuration and other design details. If
using the same kind of material is not
technically or economically feasible when
replacing windows deteriorated beyond repair,
then a compatible substitute material may be
considered.
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unrepairable and blocking it in; or replacing it
with a new window that does not convey the
same visual appearance.
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The following work is highlighted to indicate that it represents the particularly complex technical or
design aspects of Rehabilitation projects and should only be considered after the preservation
concerns listed above have been addressed.
Recommended

Not Recommended

Design for the Replacement
of Missing Historic Features
Designing and installing new windows when the
historic windows (frames, sash and glazing) are
completely missing. The replacement windows
may be an accurate restoration using historical,
pictorial, and physical documentation; or be a
new design that is compatible with the window
openings and the historic character of the
building.

Creating a false historical appearance because
the replaced window is based on insufficient
historical, pictorial, and physical documentation.
Introducing a new design that is incompatible
with the historic character of the building.

Alterations/Additions for the New Use
Designing and installing additional windows on
rear or other-non character-defining elevations if
required by the new use. New window openings
may also be cut into exposed party walls. Such
design should be compatible with the overall
design of the building, but not duplicate the
fenestration pattern and detailing of a characterdefining elevation.

Installing new windows, including frames, sash,
and muntin configuration that are incompatible
with the building's historic appearance or
obscure, damage, or destroy character-defining
features.

Providing a setback in the design of dropped
ceilings when they are required for the new use
to allow for the full height of the window
openings.

Inserting new floors or furred-down ceilings
which cut across the glazed areas of windows so
that the exterior fonn and appearance of the
windows are changed.
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Standards for Restoration and Guidelines for Restoring Historic Buildings
Restoration is defined as the act or process of accurately depicting the fonn, features, and
character ofa property as it appeared at a particular period of time by means of the removal
of features from other periods in its history and reconstruction of missing features from the
restoration period. The limited and sensitive upgrading of mechanical, electrical, and
plumbing systems and other code-required work to make properties functional is appropriate
within a restoration project.

Standards for Restoration
I. A property will be used as it was historically or be given a new use which reflects the property's
restoration period.
2. Materials and features from the restoration period will be retained and preserved. The removal of
materials or alteration of features, spaces, and spatial relationships that characterize the period will
not be undertaken.
3. Each property will be recognized as a physical record of its time, place, and use. Work needed to
stabilize, consolidate and conserve materials and features from the restoration period will be
physically and visually compatible, identifiable upon close inspection, and properly documented for
future research.
4. Materials, features, spaces, and finishes that characterize other historical periods will be
documented prior to their alteration or removal.
5. Distinctive materials, features, finishes, and construction techniques or examples of craftsmanship
that characterize the restoration period will be preserved.
6. Deteriorated features from the restoration period will be repaired rather than replaced. Where the
severity of deterioration requires replacement of a distinctive feature, the new feature will match the
old in design, color, texture, and, where possible, materials.
7. Replacement of missing features from the restoration period will be substantiated by documentary
and physical evidence. A false sense of history will not be created by adding conjectural features,
features from other properties, or by combining features that never existed together historically.
8. Chemical or physical treatments, if appropriate, will be undertaken using the gentlest means
possible. Treatments that cause damage to historic materials will not be used.
9. Archeological resources affected by a project will be protected and preserved in place. If such
resources must be disturbed, mitigation measures will be undertaken.
10. Designs that were never executed historically will not be constructed.
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Guidelines for Restoring Historic Buildings
Rather than maintaining and preserving a building as it has evolved over time, the expressed goal of
the Standards for Restoration and Guidelines for Restoring Historic Buildings is to make the
building appear as it did at a particular--and most significant--time in its history. First, those
materials and features from the "restoration period are identified~ based on thorough historical
research. Next, features from the restoration period are maintained, protected, repaired (i.e.,
stabilized, consolidated, and conserved), and replaced~ if necessary. As opposed to other treatments,
the scope of work in Restoration can include removal of features from other periods: missing
features from the restoration period may be replaced, based on documentary and physical evidence,
using traditional materials or compatible substitute materials. The final guidance emphasizes that
only those designs that can be documented as having been built should be re-created in a restoration
project.
tl

Identify, Retain, and Preserve Materials and Features from the Restoration Period
The guidance for the treatment Restoration begins with recommendations to identify the form and
detailing of those existing architectural materials and features that are significant to the restoration
period as established by historical research and documentation. Thus, guidance on identifying,
retaining, and preserving features from the restoration period is always given first. The historic
building's appearance may be defined by the form and detailing of its exterior materials, such as
masonry, wood, and metal; exterior features, such as roofs, porches, and windows; interior materials,
such as plaster and paint; and interior features, such as moldings and stairways, room configuration
and spatial relationships, as well as structural and mechanical systems; and the building's site and
setting.
Protect and Maintain Materials and Features from the Restoration Period
After identifying those existing materials and features from the restoration period that must be
retained in the process of Restoration work, then protecting and maintaining them is addressed.
Protection generally involves the least degree of intervention and is preparatory to other work. For
example, protection includes the maintenance of historic material through treatments such as rust
removal, caulking, limited paint removal, and re-application of protective coatings; the cyclical
cleaning of roof gutter systems; or installation of fencing, alarm systems and other temporary
protective measures. Although a historic building will usually require more extensive work, an
overall evaluation of its physical condition should always begin at this level.
Repair (Stabilize, Consolidate, and Conserve) Materials and Features from the Restoration
Period
Next, when the physical condition of restoration period features requires additional work, repairing
by stabilizing, consolidating, and conserving is recommended. Restoration guidance focuses upon
the preservation of those materials and features that are significant to the period. Consequently,
guidance for repairing a historic material, such as masonry, again begins with the least degree of
intervention possible, such as strengthening fragile materials through consolidation, when
appropriate, and repointing with mortar of an appropriate strength. Repairing masonry as well as
wood and architectural metals includes patching, splicing, or otherwise reinforcing them using
recognized preservation methods. Similarly, portions of a historic structural system could be
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reinforced using contemporary material such as steel rods. In Restoration, repair may also include
the limited replacement in kind--or with compatible substitute material--of extensively deteriorated or
missing parts of existing features when there are surviving prototypes to use as a model. Examples
could include terra-cotta brackets, wood balusters, or cast iron fencing.
Replace Extensively Deteriorated Features from the Restoration Period
In Restoration, rep/acing an entire feature from the restoration period (i.e., a cornice, balustrade,
column, or stairway) that is too deteriorated to repair may be appropriate. Together with
documentary evidence, the form and detailing of the historic feature should be used as a model for
the replacement. Using the same kind of material is preferred; however, compatible substitute
material may be considered. All new work should be unobtrusively dated to guide future research
and treatment.
If documentary and physical evidence are not available to provide an accurate re-creation of missing
features, the treatment Rehabilitation might be a better overall approach to project work.
Remove Existing Features from Other Historic Periods
Most buildings represent continuing occupancies and change over time, but in Restoration, the goal
is to depict the building as it appeared at the most significant time in its history. Thus, work is
included to remove or alter existing historic features that do not represent the restoration period. This
could include features such as windows, entrances and doors, roof dormers, or landscape features.
Prior to altering or removing materials, features, spaces, and finishes that characterize other historical
periods, they should be documented to guide future research and treatment.
Re-Create Missing Features from the Restoration Period
Most Restoration projects involve re-creating features that were significant to the building at a
particular time, but are now missing. Examples could include a stone balustrade, a porch, or cast
iron storefront. Each missing feature should be substantiated by documentary and physical evidence.
Without sufficient documentation for these "re-creations," an accurate depiction cannot be achieved.
Combining features that never existed together historically can also create a false sense of history.
Using traditional materials to depict lost features is always the preferred approach; however, using
compatible substitute material is an acceptable alternative in Restoration because, as emphasized,
the goal of this treatment is to replicate the "appearance" of the historic building at a particular time,
not to retain and preserve all historic materials as they have evolved over time.
If documentary and physical evidence are not available to provide an accurate re-creation of missing
features, the treatment Rehabilitation might be a better overall approach to project work.
Energy Efficiency/Accessibility Considerations/Health and Safety Code Considerations
These sections of the Restoration guidance address work done to meet accessibility requirements
and health and safety code requirements; or limited retrofitting measures to improve energy
efficiency. Although this work is quite often an important aspect of restoration projects, it is usually
not part of the overall process of protecting, stabilizing, conserving, or repairing features from the
restoration period; rather, such work is assessed for its potential negative impact on the building'S
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historic appearance. For this reason, particular care must be taken not to obscure, damage, or destroy
historic materials or features from the restoration period in the process of undertaking work to meet
code and energy requirements.

Guidelines for Restoring Historic Windows
Recommended
Identif.ving, retaining, and pre.~erving
windows--and their functional and decorative
features--from the restoration period. Such
features can include frames, sash, muntins,
glazing, sills, heads, hoodmolds, paneled or
decorated jambs and moldings, and interior and
exterior shutters and blinds.

Not Recommended
Altering windows or window features from the
restoration period.
Failing to properly document window features
from the restoration period which may result in
their loss.
Applying paint or other coatings to window
features or removing them if such treatments
cannot be documented to the restoration period.
Changing the type or color of protective surface
coatings on window features unless the work
can be substantiated by historical
documentation.
Stripping windows of sound material such as
wood, cast iron, and bronze.

Conducting an indepth survey of the condition
of existing windows from the restoration period
early in the planning process so that repair and
upgrading methods and possible replacement
options can be fully explored.

Replacing windows from the restoration period
solely because of peeling paint, broken glass,
stuck sash, and high air infiltration. These
conditions, in themselves, are no indication that
windows are beyond repair.

Protecting and maintaining the wood and
architectural metals from the restoration period
which comprise the window frame, sash,
muntins, and surrounds through appropriate
surface treatments such as cleaning, rust
removal, limited paint removal, and reapplication of protective coating systems.

Failing to provide adequate protection of
materials on a cyclical basis so that deterioration
of the window results.

Making windows weathertight by re-caulking,
and replacing or installing weatherstripping.
These actions also improve thermal efficiency.

Retrofitting or replacing windows from the
restoration period rather than maintaining the
sash, frame, and glazing.

Evaluating the existing condition of materials to
determine whether more than protection and
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maintenance are required, i.e. if repairs to
windows and window features will be required.

Failing to undertake adequate measures to
assure the protection of window materials from
the restoration period.

Repairing window frames and sash from the
restoration period by patching, splicing,
consolidating or otherwise reinforcing. Such
repair may also include replacement in kind--or
with compatible substitute material--ofthose
extensively deteriorated or missing parts when
there are surviving prototypes such as
architraves, hoodmolds, sash, sills, and interior
or exterior shutters and blinds. The new work
should be unobtrusively dated to guide future
research and treatment.

Replacing an entire window from the restoration
period when repair of materials and limited
replacement of deteriorated or missing parts are
appropriate.

Replacing in kind a window feature from the
restoration period that is too deteriorated to
repair using the same sash and pane
configuration and other design details. If using
the same kind of material is not technically or
economically feasible when replacing windows
deteriorated beyond repair, then a compatible
substitute material may be considered. The new
work should be unobtrusively dated to guide
future research and treatment.

Failing to reuse serviceable window hardware
such as brass sash lifts and sash locks.
Using a substitute material for the replacement
part that does not convey the visual appearance
of the surviving parts of the window or that is
physically or chemically incompatible.
Removing a window feature from the restoration
period that is unrepairable and not replacing it;
or failing to document the new work.

The follOWing Restoration work is highlighted to indicate that it involves the removal or alteration
of existing Jiistoric windows and windows features that would be retained in Preservation and
Rehabilitation treatments; and the replacement of missing window features from the restoration
period using all new materials.

Recommended

Not Recommended

Removing Existing Features from Other
Historic Periods
Removing or altering windows or window
features from other historic periods, such as later
single-pane glazing or inappropriate shutters.

Failing to remove a window feature from
another period, thus confusing the depiction of
the building'S significance.

Documenting materials and features dating from
other periods prior to their alteration or removal.
Ifpossible, selected examples of these features

Failing to document window features from other
historic periods that are removed from the
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or materials should be stored to facilitate future
research.

building so that a valuable portion of the historic
record is lost.

Re-creating Missing Features
from the Restoration Period
Re-creating a missing window or window
feature that existed during the restoration period
based on physical or documentary evidence; for
example, duplicating a hoodmold or shutter.

The Secretary of the Interior's Standards

Constructing a window feature that was part of
the original design for the building, but was
never actually built; or constructing a feature
which was thought to have existed during the
restoration period, but for which there is
insufficient documentation.

21

U.S. Department of the Interior
National Park Service
Preservation Assistance Division
Technical Preservation Services

Preservation
Briefs: 9
The Repair of
Historic Wooden Windows

John H. Myers - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

The windows on many historic buildings are an important
aspect of the architectural character of those buildings.
Their design, craftsmanship, or other qualities may make
them worthy of preservation . This is self-evident for ornamental wi ndows, but it can be eq uall y true for
warehouses or factories where the windows may be the
most dominant visua l element of an otherwise plain
building (see figure 1). Evaluating the significance of
these w ind ows and planning for their repair or replacement can be a complex process involving both objective
and subjective considerations. The Secretary of the Interior's Standards for Rehabilitation, and the accompa nying 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 wh ich 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, especially Otl simple facades such as this mill building. Replacement of tlu! multi-

pane windows here with larger panes could dramat ically change the appearance of the building. The areas of missing windows convey the impression of such a change. Photo: lohn T. Lowe

Much of th e technical section presents repair techniques as
an instructional guide for the do-it-yourselfer. The information w ill be useful, however, for the architect, contractor, or developer on large-scale projects. It presents a
methodology for approaching the evaluation and repair of
ex isting windows, and considerations for rep lacemen t,
from which the professional can develop al ternatives 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 w indow treatments, and a general understanding of the fu nction and
history of w indows is v ital to making a proper eva luation. As a part of this eva luation, one must consider four
basic window functions : admitting light to the interior
spaces, providing fresh air and ventilation to the interior, providing a visual link to the outside world, and
enha ncing the appearance of a building. No single factor
can be disregarded when planning window treatments; for
example, attem pting 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 wi ndows in early American houses
were casement windows; that is, they were hinged a t the
side and opened outwa rd . In the beginning of the eighteenth century single- and double-hung windows were introduced. Subsequently many sty les of these vertical
sliding sash w indows have come to be associated with
specific building periods or architectural styles, and this is
an important consideration in determining the significance
of windows, especiall y on a local or regional basis . Sitespecific, regionally oriented architectural com parisons
sho uld be made to determine th e significance of wi ndows
in question. Although such comparisons may focus on
specific window types and their de tails, the ultimate determination of significance should be made within the contex t 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 exceptional craftsmanship or design. Once this evaluation
of significance has been completed, it is possible to pro-
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Muntin Profiles
These are only three examples
of many possible profiles. Muntins can contribute substantially
to window significance.

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 window unit. Spaces by each part allow notes on existing
conditions and repair instructions. When such a schedule
is completed, it indicates the precise tasks to be performed
in the repair of each unit and becomes a part of the
specifications. In any evaluation, one should note at a
minimum, 1) 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) hardware, and 7) the overall condition of the window (excellent, fair, poor, and so forth).
Many factors such as poor design, moisture, vandalism,
insect attack, and lack of maintenance can contribute to
window deterioration, but moisture is the primary contributing factor in wooden window decay. All window
units should be inspected to see if water is entering around
the edges of the frame and, if so, the joints or seams
should be caulked to eliminate this danger. The glazing
putty should be checked for cracked, loose, or missing
sections which allow water to saturate the wood, especially at the joints. The back putty on the interior side of the
pane should also be inspected, because it creates a seal
which prevents condensation from running down into the
joinery. The sill should be examined to insure that it
slopes downward away from the building and allows
water to drain off. In addition, it may be advisable to cut
a dripline along the underside of the sill. This almost invisible treatment will insure proper water run-off, particu2

larly if the bottom of the sill is flat. Any conditions, including poor original design, which permit water to come
in contact with the wood or to puddle on the sill must be
corrected as they contribute to deterioration of the window.
One clue to the location of areas of excessive moisture
is the condition of the paint; therefore, each window
should be examined for areas of paint failure. Since excessive moisture is detrimental to the paint bond, areas of
paint blistering, cracking, flaking, and peeling usually
identify points of water penetration, moisture saturation,
and potential deterioration. Failure of the paint should
not, however, be mistakenly interpreted as a sign that the
wood is in poor condition and hence, irreparable. Wood
is frequently in sound physical condition beneath unsightly paint. After noting areas of paint failure, the next step
is to inspect the condition of the wood, particularly at the
points identified during the paint examination.
Each window should be examined for operational
soundness beginning with the lower portions of the frame
and sash. Exterior rainwater and interior condensation can
flow downward along the window, entering and collecting
at points where the flow is blocked. The sill, joints between the sill and jamb, corners of the bottom rails and
muntin joints are typical points where water collects and
deterioration begins (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 readily absorbed into the end-grain of the wood. If severe
deterioration exists in these areas, it will usually be apparent on visual inspection, but other less severely deteriorated areas of the wood may be tested by two traditional
methods using a small ice pick.
An ice pick or an awl may be used to test wood for
soundness. The technique is simply to jab the pick into a
wetted wood surface at an angle and pry up a small sec-
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Figure 3. Deterioration of poorly maintailled windows usually begins on

IlOriz Olltal surfaces and at joints w here water can collect and saturate the
wood. Tile problem areas are clearly indicated by pai"t failure du e to
moisture. Plloto: Baird M . Swillt , AlA

tion of the wood. Sound wood will separate in long
fibrous splinters, but decayed wood will lift up in short irregular pieces due to the breakdown of fiber strength.
Another method of testing for soundness consists of
pushing a sharp object into the wood, perpendicular to
the surface. If deterioration has begu n from the hidden
side of a member and the core is badly decayed, the visible surface may appear to be sound wood. Pressure on
the probe can force it through an apparently sou nd skin
to penetrate deeply into decayed wood. This technique is
especia ll y useful for checking sills where visual access to
the underside is restricted.
Following the inspection and analysis of the results, the
scope of the necessary repairs will be evident and a plan
for the rehabilitation can be formulated. Generally the actions necessary to return a window to "like new" condition will fall into three broad categories : 1) routine maintenance procedures, 2) structural stabilization, and 3)
parts replacement. These categories will be disc ussed in
the following sections and will be referred to respectively
as Repai r Class I, Repair Class II, and Repair Class III.
Each successive repair class represents an increasing level
of difficulty, expense, and work time. Note that most of
the points mentioned in Repair Class I are routine maintenance items and should be provided in a regular maintenance program for any building . The neglect of these
routine items can contribute to many common window
problems.
Before undertaking any of the repairs mentioned in the
following sections all sources of moisture penetration
should be identified and eliminated, and all existing decay
fungi destroyed in order to arrest the deterioration process. Many commercially available fungicides and wood
preservatives are toxic, so it is ex tremel y important to
follow the manufacturer's recommendations for applicat;on, and store all chemical materials away from children
and animals. After fungicidal and preservative treatment
the wi ndows may be stabilized, retained, and restored
with every expectation for a long service life.

Repair Class I: Routine Maintenance
Repairs to wooden w indows are usually labor intensive
and relatively uncomplicated. On small sca le projects this

allows the do-it-yourselfer to save money by repairing
all or part of the windows. On la rger projects it presents
the opportunity for time and money which might otherwise be spent on the removal and replacement of existing
windows, to be spent on repairs. subsequently saving all
or part of the material cost of new window units. Regardless of the actual costs, or who performs the work, the
evaluation process described earlier will provide the
knowledge from which to specify an appropriate work
program, establish the wo rk element priorities, and identify 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 a nd repair of sash (including reglazing where necessary), 3) repairs to the frame, 4) weatherstripping and reinstallation of the sash, and 5) repainting.
These operations are illustrated for a typical double-hung
wooden window (see figures 4a-1) , but they may be
adapted to other window types and styles as applicable.
Historic windows have usually acquired many layers of
paint over time . Remova l of excess layers or peeling and
flaking paint will facilitate operation of the window and
restore the clarity of the original detailing . Some degree of
paint removal is also necessary as a first step in the proper surface preparation for subsequent refinishing (if paint
color analysis is desired, it should be conducted prior to
the onset of the paint removal). There are several safe and
effective techniques for removing paint from wood,
depending on the amount of paint to be removed. 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 Additional Reading section at end).
Paint removal should begin on the interior frames, being careful to remove the paint from the interior stop and
the parting bead, particularly along the seam where these
stops meet the jamb. This can be accomplished by running a utility knife along the length of the seam , breaking
the paint bond. It will then be much easier to remove the
stop, the parting bead and the sash. The interior stop may
be initially loosened from the sash side to avoid visible
scarring of the wood and then gradually pried loose using
a pair of putty knives, working up and down the stop in
small increments (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 fa lling into the weight pocket.
Removal of the upper sash on double-hung units is
similar but the parting bead which holds it in place is set
into a groove in the center of the stile and is thinner and
more delicate than the interior stop. After removing any
paint along the seam, the parting bead should be carefully
pried out and worked free in the same manner as the interior stop. The upper sash can be removed in the same
manner as the lower one and both sash taken to a convenient work area (in order to remove the sash the interior
stop and parting bead need only be removed from one
side of the window). Window openings can be covered
with polyethylene sheets or plywood sheathing while the
sash are out for repair.
The sash can be stripped of paint using approp riate
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
3

Figure 4a. The fol/owing series of photographs of
tire repair of a I,istoric double-hung window use a
unit which is stmcturally sOImd but lias many
layers of paint, some cracked and missing putty,
slight separation at the joints, broken sash cords,
and one cracked pane. Pilato: John H. Myers

Figure 4b. After removing paint from the seam
between the interior stop and tire jamb, tire stop
can be pried Ollt and gradually worked loose IIsing
a pair of putty knives as shown. To avoid visible
scnrring of the wood, tile sasll am be raised alld
tire stop pried loose initially from the outer side.
Photo: jolm H. Myers

Figure 4c. 5as/l am be removed and repaired ill a
convenien t work area. Paint is being remtJUed from
this sas}1 willi a Irot air gU ll while an asbestos
sheet protects the glass from sudden temperatu re
cllallge. Photo: Joh 1l H. Myers

Figure 4e. A common repair is tile replacement of
broken sash cords with new cords (shown) or wit11
dlains. TIle weight pocket is often accessible
through a remtJUable plate ill tile jamb, or by
removi,rg the i'lterior trim. Photo: John H. Myers

Figure 4f. Following the relatively simple repairs,
the window is weatllertiglrt, like-new ill
appearance, alld serviceable for many years to
come. Botll the Iristoric material alld tile detailing
and craftsmanship of tlris original window have
been preserved. Photo: /Olrll H. Myers

••

Figure 4d. Reglazing or replacement of tire putty
requires tllat the existing putty be remaved
manually, the glazing points be extracted, the
glass remtJUeti, alld ti,e back pu tty scraped oill. To
reglaze, a bed of putty is laid around tile perimeter
of the rabbet, tile pane is pressed illto place,
glazing points are jnserted to Irold tile pane
(shown), and a filial seal of putty is beveled
around tire edge of tire glass. Photo: /olm H.
Myers
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overlay of aluminum foil on gypsum board or asbestos
can protect the glass from such rapid temperature
change. It is important to protect the glass because it
may be historic and often adds character to the window .
Deteriorated putty should be removed manually, taking
care not to damage the wood along the rabbet. If the
glass is to be removed, the glazing points which hold the
glass in place can be extracted and the panes numbered
and removed for cleaning and reuse in the same openings. With the glass panes out, the remaining putty can be
removed and the sash can be sanded, patched, and
primed with a preservative primer. Hardened putty in
the rabbets may be softened by heating with a soldering
iron at the point of removal. Putty remaining on the
glass may be softened by soaking the panes in linseed
oil, and then removed with less risk of breaking the

glass . Before reinstalling the glass, a bead of glazing
compound or linseed oil putty should be laid around the
rabbet to cushion and seal the glass. Glazing compound
should only be used on wood which has been brushed
with linseed oil and primed with an oil based primer or
paint. The pane is then pressed into place and the glazing points are pushed into the wood around the perimeter of the pane (see figure 4d) . The final glazing compound or putty is applied and beveled to complete the
seal. The sash can be refinished as desired on the inside
and painted on the outside as soon as a "skin" has formed
on the putty , usually in 2 or 3 days. Exterior paint should
cover the beveled glazing compound or putty and lap
over onto the glass slightly to complete a weathertight
seal. After the proper curing times have elapsed for paint
and putty, the sash w ill be ready for reinstallation.
While the sash are out of the frame, the condi tion 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 cha ins (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 w indow
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

ess took several days due to the drying and curing times
for putty, primer, and paint, however, work on other window units could ha ve been in progress during these lag
times.

Repair Class II: Stabilization
The preceding description of a window repair job focused
on a unit which was operationally sound . Many windows
will show some additional degree of physical deterioration, especially in the vulnerable areas mentioned earlier,
but even badly damaged windows can be repaired using
simple processes. Partially decayed wood can be waterproofed, patched, built-up , or consolidated and then
painted to achieve a sound condition, good appearance,
and greatly extended life. Three techniques for repairing
partially decayed or weathered wood are discussed in this
section, and all three can be accomplished using products
available at most hardware stores.
One established technique for repairing wood which is
split, checked or shows signs of rot, is to: 1) dry the
wood, 2) treat decayed areas wi th a fungicide, 3) waterproof with two or three applications of boiled linseed oil
(a pplications 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 w ith the use of fungicide
which is toxic . Follow the manufacturers' directions and
use only on areas which will be painted . When using any
technique of building up or patching a flat surface, the
finished surface should be sloped slightly to carry water
away from the window and not allow it to puddle . Caulking of the joints between the sill and the jamb will help
reduce further water penetration.
When sills or other members exhibit surface weathering
they may also be built-up using wood putties or homemade mixtures such as sawdust and resorcinol glue, or
whiting and varnish. These mixtures can be built up in
successive layers, then sanded, primed, and painted. The
same caution about proper slope for flat surfaces applies
to this technique.
Wood may also be strengthened and stabilized by consolidation, 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
~.

experience. To demonstrate the practicality of this ap-

proach. and photograph it, a Technical Preservation Services 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, replacement of the sash cords and reinstallation of the sash, parting bead, and stop required an hour and a half. These
times refer only to individual operations; the entire proc-
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Figure 5. This illustrates a two-part epoxy patchirlg compound used to fill
the surface of a weathered sill alld rebuild the missillg edge. Wh en the epoxy
cures, it call be sanded smooth a1ld painted to achieve a durable alld
waterproof repair. PllOto: /olm 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 section 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 Preservation 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 available at hardware and marine supply stores. Although
epoxy materials may be comparatively expensive, they
hold the promise of being among the most durable and
long lasting materials available for wood repair.
Any of the three techniques discussed can stabilize and
restore the appearance of the window unit. There are
times, however, when the degree of deterioration is so advanced that stabilization is impractical, and the only way
to retain some of the original fabric is to replace damaged
parts.

Repair Class III: Splices and Parts Replacement
When parts of the frame or sash are so badly deteriorated
that they cannot be stabilized there are methods which
permit the retention of some of the existing or original
fabric. These methods involve replacing the deteriorated
parts with new matching pieces, or splicing new wood into existing members. The techniques require more skill
and are more expensive than any of the previously discussed alternatives. It is necessary to remove the sash
and/ or the affected parts of the frame and have a
carpenter or woodworking mill reproduce the damaged or
missing parts. Most millwork firms can duplicate parts,
such as muntins, bottom rails, or sills, which can then be
incorporated into the existing window, but it may be
necessary to shop around because there are several factors
controlling the practicality of this approach. Some woodworking mills do not like to repair old sash because nails
or other foreign objects in the sash can damage expensive
knives (which cost far more than their profits on small
repair jobs); others do not have cutting knives to
duplicate muntin profiles. Some firms prefer to concentrate on larger jobs with more profit potential, and some
may not have a craftsman who can duplicate the parts. A
little searching should locate a firm which will do
the job, and at a reasonable price. If such a firm does not
exist locally, there are firms which undertake this kind of
repair and ship nationwide. It is possible, however, for
the advanced do-it-yourselfer or craftsman with a table
saw to duplicate moulding profiles using techniques
discussed by Gordie Whittington in "Simplified Methods
for Reproducing Wood Mouldings," Bulletin of the
Association for Preservation Technology, Vol. III, No.4,
1971, or illustrated more recently in The Old House,
Time-Life Books, Alexandria, Virginia, 1979.
The repairs discussed in this section involve window
frames which may be in very deteriorated condition,
possibly requiring removal; therefore, caution is in
order. The actual construction of wooden window frames
and sash is not complicated. Pegged mortise and tenon
units can be disassembled easily, if the units are out of the
building. The installation or connection of some frames to
the surrounding structure, especially masonry walls, can
complicate the work immeasurably, and may even require
6

dismantling of the wall. It may be useful, therefore, to
take the following approach to frame repair: 1) conduct
regular maintenance of sound frames to achieve the
longest life possible, 2) make necessary repairs in place
wherever possible, using stabilization and splicing techniques, and 3) if removal is necessary, thoroughly investigate the structural detailing and seek appropriate professional consultation.
Another alternative may be considered if parts replacement is required, and that is sash replacement. If extensive
replacement of parts is necessary and the job becomes
prohibitively expensive it may be more practical to purchase new sash which can be installed into the existing
frames. Such sash are available as exact custom reproductions, reasonable facsimiles (custom windows with similar
profiles), and contemporary wooden sash which are
similar in appearance. There are companies which still
manufacture high quality wooden sash which would
duplicate most historic sash. A few calls to local building suppliers may provide a source of appropriate replacement sash, but if not, check with local historical
associations, the state historic preservation office,
or preservation related magazines and supply catalogs for
information.
If a rehabilitation project has a large number of windows such as a commercial building or an industrial complex, there may be less of a problem arriving at a solution. Once the evaluation of the windows is completed
and the scope of the work is known, there may be a
potential economy of scale. Woodworking mills may be
interested in the work from a large project; new sash in
volume may be considerably less expensive per unit;
crews can be assembled and trained on site to perform all
of the window repairs; and a few extensive repairs can be
absorbed (without undue burden) into the total budget
for a large number of sound windows. While it may be
expensive for the average historic home owner to pay
seventy dollars or more for a mill to grind a custom knife
to duplicate four or five bad muntins, that cost becomes
negligible on large commercial projects which may have
several hundred windows.
Most windows should not require the extensive repairs
discussed in this section. The ones which do are usually in
buildings which have been abandoned for long periods or
have totally lacked maintenance for years. It is necessary
to thoroughly investigate the alternatives for windows
which do require extensive repairs to arrive at a solution
which retains historic significance and is also economically
feasible. Even for projects requiring repairs identified in
this section, if the percentage of parts replacement per
window is low, or the number of windows requiring
repair is small, repair can still be a cost effective solution.
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Weatherization
A window which is repaired should be made as energy efficient as possible by the use of appropriate weatherstripping to reduce air infiltration. A wide variety of
products are available to assist in this task. Felt may be
fastened to the top, bottom, and meeting rails, but may
have the disadvantage of absorbing and holding moisture,
particularly at the bottom rail. Rolled vinyl strips may
also be tacked into place in appropriate locations to
reduce infiltration. Metal strips or new plastic spring
strips may be used on the rails and, if space permits, in

~

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

Window Replacement
Although the retention of original or existing windows is
always desirable and this Brief is intended to encourage
that goal, there is a point when the condition of a window may clearly indicate replacement. The decision process for selecting replacement windows should not begin
with a survey of contemporary window products which
are available as replacements, but should begin with a
look at the windows which are being replaced. Attempt to
understand the contribution of the window(s) to the appearance of the facade including: 1) the pattern of the
openings and their size; 2) proportions of the frame and
sash; 3) configuration of window panes; 4) muntin profiles; 5) type of wood; 6) paint color; 7) characteristics of
the glass; and 8) associated details such as arched tops,
hoods, or other decorative elements. Develop an understanding of how the window reflects the period, style, or
regional characteristics of the building, or represents technological development.
Armed with an awareness of the significance of the existing window, begin to search for a replacement which
retains as much of the character of the historic window as
possible. There are many sources of suitable new windows. Continue looking until an acceptable replacement
can be found. Check building supply firms, local woodworking mills, carpenters, preservation oriented magazines, or catalogs or suppliers of old building materials,
for product information. Local historical associations and
state historic preservation offices may be good sources of

information on products which have been used successfully in preservation projects.
Consider energy efficiency as one of the factors for
replacements, but do not let it dominate the issue. Energy
conservation is no excuse for the wholesale destruction of
historic windows which can be made thermally efficient
by historically and aesthetically acceptable means. In fact,
a historic wooden window with a high quality storm window added should thermally outperform a new doubleglazed metal window which does not have thermal
breaks (insulation between the inner and outer frames intended to break the path of heat flow). This occurs
because the wood has far better insulating value than the
metal, and in addition many historic windows have high
ratios of wood to glass, thus reducing the area of highest
heat transfer. One measure of heat transfer is the U-value,
the number of Btu's per hour transferred through a square
foot of material. When comparing thermal performance,
the lower the U-value the better the performance. According to ASHRAE 1977 Fundamentals, the U-values for
single glazed wooden windows range from 0.88 to 0.99.
The addition of a storm window should reduce these
figures to a range of 0.44 to 0.49. A non-thermal break,
double-glazed metal window has a U-value of about 0.6.

Conclusion
Technical Preservation Services recommends the retention
and repair of original windows whenever possible. We
believe that the repair and weatherization of existing
wooden windows is more practical than most people
realize, and that many windows are unfortunately replaced because of a lack of awareness of techniques for
evaluation, repair, and weatherization. Wooden windows
which are repaired and properly maintained will have
greatly extended service lives while contributing to the
historic character of the building. Thus, an important element of abuilding's significance will have been preserved
for the future.
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PRESERVArION
BRIEFS
The Repair and
Thermal Upgrading of
Historic Steel Windows
Sharon C. Park, AlA
Technical Preservation Services Preservation Assistance Division
National Park Service U.S. Department of the Interior

The Secretary of the Intcrior' s "Standards for Rehabilitation" require that where hislOric windows arc individually significarH featu res. or where
they contribute to the character of significant facades, their distinguishing visual Qualities must not be destroyed. Further, the rehabilitation
guidelines recommend against changing the historic appearance of windows through the usc of inappropriate designs, materiaJs, finishes, or colors
which radically change the sash, depth of reveal, and muntin configuration; the rcneclivilY and color of the glazing; or the appearance of the
frame.

Windows are among the most vulnerable features of
historic buildings undergoing rehabilitation. This is
especially the case with rolled steel windows, which are
often mistakenly not deemed worthy of preservation in the
conversion of old buildings to new uses. The ease with
which they can be replaced and the mistaken assumption
that they cannot be made energy efficient except at great
expense are factors that typically lead to the decision to
remove them . [n many cases, however, repair and retrofit

of the historic windows are more economical than wholesale replacement, and all too often, replacement units are
unlike the originals in design and appearance. If the windows are important in establishing the historic character of
the building (see fig. I), insensitively designed replacement
windows may diminish-or destroy-the building's historic
character.
This Briel identifies various types of historic steel
windows that dominated the metal window market from
1890-1950. It then gives criteria for evaluating deterioration
and for determining appropriate treatment, ranging from
routine maintenance and weatherization to extensive

repairs, so that replacement may be avoided where possible.' This information applies to do-it-yourself jobs and to
large rehabilitations where the volume of work warrants the
removal of all window units for complete overhaul by professional contractors.
This Briel is not intended to promote the repair of ferrous metal windows in every case, but rather to insure
that preservation is always the first consideration in a

rehabilitation project. Some windows are not important
elements in defining a building's historic character; others
are highly significant, but so deteriorated that repair is infeasible. In such cases, the Briel offers guidance in
evaluating appropriate replacement windows.

Fig. J Often highly distinctive in design and craftsmanship. rolled Sleet
windows play on important role in defining the architectural characler of
many laler nineleenth and early (wenlierh century buildings. Art Deco,
Art Modeme, the Infernotiollol Style, and Post World War II Modernism depended on the slim profiles and streamlined appearance of metal
windows for much of their impacl. Photo: William G. Johnson.

'The technical information given in this brief is intended for most ferrous (or
magnetic) meIals, particularly rolled steel. While stainless steel is a ferrous metal,
the cleaning and repair techniques outlined here must not be used on it as the finish
will be damaged. Fo r information on cleaning stainless steel and non-ferrous
metals, such as bro nze, Monel, o r aluminum, refer to Metals in America's Historic
Buildings (see bibliography).

HISTORICAL DEVELOPMENT
Although metal windows were available as early as 1860
from catalogues published by architectural suppl y firms,
they did not become popular until after 1890. Two factors
combined to account for the shift from wooden to metal
windows about that time. Technology borrowed from the
ro lling industry permitted the mass production of rolled
steel windows. This technology made metal windows cost
competitive with conventional wooden windows . In addition, a series of devastating urban fires in Boston,
Baltimore, Philadelphia, and San Francisco led to the
enactment of strict fire codes for industrial and multistory commercial and office buildings.
As in the process of making rails for railroads, rolled
steel windows were made by passing hot bars of steel
through progressively smaller, shaped rollers until the appropriate angled configuration was achieved (see fig. 2).
The rolled steel sections, generally 118" thick and I" I 112" wide, were used for all the components of the windows: sash, frame,and subframe (see fig. 3). With the addition of wire glass, a fire-resistant window resulted.
These rolled steel windows are almost exclusively found in
masonry or concrete buildings .
A byproduct of the fire-resistant window was the
strong metal frame that permitted the installation of
larger windows and windows in series. The ability to have
expansive amounts of glass and increased ventilation
dramatically changed the designs of late 19th and early
20th century industrial and commercial buildings.
The newly available, reasonably priced steel windows
soon became popular for more than just their fireresistant qualities. They were standardized, extremely
durable, and easily transported. These qualities led to the
use of steel windows in every type of construction, from
simple industrial and institutional buildings to luxury
commercial and apartment buildings . Casement, doublehung, pivot, projecting, austral, and continuous windows
differed in operating and ventilating capacities. Figure 4
outlines the kinds and properties of metal windows
available then and now. In addition, the thin profiles of
metal windows contributed to the streamlined appearance
of the Art Deco, Art Moderne, and International Styles,
among others.
The extensive use of rolled steel metal windows continued until after World War II when cheaper, noncorroding aluminum windows became increasingly
popular. While aluminum windows dominate the market
today, steel windows are still fabricated . Should replacement of original windows become necessary, replacement
windows may be available from the manufacturers of
some of the earliest steel windows. Before an informed
decision can be made whether to repair or replace metal
windows, however the significance of the windows must
be determined and their physical condition assessed .
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Fig. 2. The process of rolling a s teel bar illiO at! angled sectioll is illustrated abol'e. The shape and size of the rolled seelion will vary slightly depending 011 the overall strength needed for the window opening and
the /aeolion 0/ the section in the assembly; subframe, frame, or sash.
The 118 "thickness of the metal section is generally standard. Drawing;
A Metal Window Dictionary. Used with permission.
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Cover illustrat ion: from Hope's Metal Windows and Casements:

/8/ 8- /926, currentl y Hope' s Architectural Products. Inc. Used with pcrmi ss ion.
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Fig. 3 A typical section through Ihe lOp alld bollom of a metal windo w
shows the Ihree componen' pariS of rhe winduw assembly: subframe,
frame, alld sash. Drawings: Catalogue No. 15, Jalluary 1931; Intefl/ ationa/ Casemen t Co, III C., presently Hope's Architectural Products, Inc.,
Jamestown, NY. Used with permission.

EVALUATION
Historic and Architectural Considerations
An assessment of the significance of the windows should
begin with a consideration of their function in relation to
the building's historic use and its historic character. Windows that help define the building's historic character
should be preserved even if the building is being converted
to a new use. For example, projecting steel windows used
to introduce light and an effect of spaciousness to a
warehouse or industrial plant can be retained in the conversion of such a building to offices or residences.
Other elements in assessing the relative importance of
the historic windows include the design of the windows
and their relationship to the scale, proportion, detailing
and architectural style of the building. While it may be
easy to determine the aesthetic value of highly ornamented
windows, or to recognize the importance of streamlined
windows as an element of a style, less elaborate windows
can also provide strong visual interest by their small panes
or projecting planes when open, particularly in simple,
unadorned industrial buildings (see fig. 5).
One test of the importance of windows to a building is
to ask if the overall appearance of the building would be
changed noticeably if the windows were to be removed or
radically altered. If so, the windows are important in
defining the building's historic character, and should be
repaired if their physical condition permits.

Physical Evaluation
Steel window repair should begin with a careful evaluation
of the physical condition of each unit. Either drawings or
photographs, liberally annotated, may be used to record
the location of each window, the type of operability, the
condition of all three parts-sash, frame and subframe-and the repairs essential to its continued use.
Specifically, the evaluation should include: presence and
degree of corrosion; condition of paint; deterioration of
the metal sections, including bowing, misalignment of the
sash, or bent sections; condition of the glass and glazing
compound; presence and condition of all hardware,
screws, bolts, and hinges; and condition of the masonry
or concrete surrounds, including need for caulking or
resetting of improperly sloped sills.
Corrosion, principally rusting in the case of steel windows, is the controlling factor in window repair;
therefore, the evaluator should first test for its presence.
Corrosion can be light, medium, or heavy, depending on
how much the rust has penetrated the metal sections. If
the rusting is merely a surface accumulation or flaking,
then the corrosion is light. If the rusting has penetrated
the metal (indicated by a bubbling texture), but has not
caused any structural damage, then the corrosion is
medium. If the rust has penetrated deep into the metal,
the corrosion is heavy. Heavy corrosion generally results
in some form of structural damage,through delamination,

to the metal section, which must then be patched or spliced. A sharp probe or tool, such as an ice pick, can be used to determine the extent of corrosion in the metal. If
the probe can penetrate the surface of the metal and brittle strands can be dug out, then a high degree of corrosive
deterioration is present.
In addition to corrosion, the condition of the paint, the
presence of bowing or misalignment of metal sections, the
amount of glass needing replacement, and the condition
of the masonry or concrete surrounds must be assessed in
the evaluation process. These are key factors in determining whether or not the windows can be repaired in place.
The more complete the inventory of existing conditions,
the easier it will be to determine whether repair is feasible
or whether replacement is warranted.
Rehabilitation Work Plan
Following inspection and analysis, a plan for the
rehabilitation can be formulated. The actions necessary to
return windows to an efficient and effective working condition will fall into one or more of the following
categories: routine maintenance, repair, and weatherization. The routine maintenance and weatherization
measures described here are generally within the range of
do-it-yourselfers. Other repairs, both moderate and major, require a professional contractor. Major repairs normally require the removal of the window units to a
workshop, but even in the case of moderate repairs, the
number of windows involved might warrant the removal
of all the deteriorated units to a workshop in order to
realize a more economical repair price. Replacement of
windows should be considered only as a last resort.
Since moisture is the primary cause of corrosion in steel
windows, it is essential that excess moisture be eliminated
and that the building be made as weathertight as possible
before any other work is undertaken. Moisture can accumulate from cracks in the masonry, from spalling mortar, from leaking gutters, from air conditioning condensation runoff, and from poorly ventilated interior spaces.
Finally, before beginning any work, it is important to
be aware of health and safety risks involved. Steel windows have historically been coated with lead paint. The
removal of such paint by abrasive methods will produce
toxic dust. Therefore, safety goggles, a toxic dust
respirator, and protective clothing should be worn.
Similar protective measures should be taken when acid
compounds are used. Local codes may govern the
methods of removing lead paints and proper disposal of
toxic residue.

ROUTINE MAINTENANCE
A preliminary step in the routine maintenance of steel
windows is to remove surface dirt and grease in order to
ascertain the degree of deterioration, if any. Such minor
cleaning can be accomplished using a brush or vacuum
followed by wiping with a cloth dampened with mineral
spirits or denatured alcohol.
3

Double-hung industrial windows
duplicated the look of traditional wooden
wi ndows. Metal double-hung wi ndows were
early examples of a building product adapted to meet stringent new fire code requirements for manufacturing and high-rise
buildings in urban areas. Soon supplanted
in industrial buildings by less expensive
pivot windows , double-hung metal windows regajned popularity in the 1940s for
use in speculative suburban housing.
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Austral windows were also a product of
the 1920s. They combined the appearance
of the double-hung window with the increased ventilation and ease of operation
of the projected window. (When fully
opened, they provided 70% venti lation as
compared to 50070 ventilation for doublehung windows.) Austral windows were
often used in schools, libraries and other
public buildings.
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Pivot windows were an early type of industrial window that combined inexpensive first cost and low maintenance. Pivot
windows became standard for warehouses
and power plants where the lack of screens
was not a problem. The window shown
here is a horizontal pivol. Windows that
turned about a vert ical axis were also
manufactured (often of iron). Such vertical pivots are rare today.

Casement windows adapted the English
tradition of using wrought iron casements
with leaded carnes for residentia l use.
Rolled steel casements (either single, as
shown, or paired) were popular in the
1920s for cottage style residences and
Got hic style campus arc hitec ture. More
streamlined casements were popular in the
1930s for institutional and small indu strial
buildings.

Projecting windows, sometimes called
awning or hopper windows, were perfected
in the 1920s for industrial and institutional
buildings. They were often used in "combination" windows, in wh ich upper panels
opened out and lower panels opened in .
Since each movable panel projected to
one side of the frame only, unlike pivot
windows, for example, screens could be
int roduced.

Continuous windows were almost exclusively used for industrial buildings requiring high overhead lighting. Long
runs of clerestory windows operated by mechanical
tension rod gears were typical. Long banks
of continuous windows were possible
because the frames for such
windows were often
structural elements
of the building.

Fig. 4 Typical rolled steel windows available from 1890 (0 (he preselll. The various operating and ventilating capacities in combination
with the aesthetics of the window style were important considerations in the selection of one window type over another. Drawings:
Sharon C. Park, AlA.

If it is determined that the windows are in basically
sound condition, the following steps can be taken: 1)
removal of light rust, flaking and excessive paint; 2) priming of exposed metal with a rust-inhibiting primer; 3)
replacement of cracked or broken glass and glazing compound; 4) replacement of missing screws or fasteners; 5)
cleaning and lubrication of hinges; 6) repainting of all
steel sections with two coats of finish paint compatible
with the primer; and 7) caulking the masonry surrounds
with a high quality elastomeric caulk.
Recommended methods for removing light rust include
manual and mechanical abrasion or the application of
chemicals. Burning off rust with an oxy-acetylene or propane torch, or an inert gas welding gun, should never be
attempted because the heat can distort the metal. In addition, such intense heat (often as high as 3800 0 F)
vaporizes the lead in old paint, resulting in highly toxic
fumes. Furthermore, such heat will likely result in broken
glass. Rust can best be removed using a wire brush, an
aluminum oxide sandpaper, or a variety of power tools
4

Fig. 5 Windows o/tell provide a strong visual elemellt to relatively simple or unadorned industrial or commercial buildings. Th is
design element should be taken into consideration when evaluating rhe significance of the windows. Photo: Michael Auer.

adapted for abrasive cleaning such as an electric drill with
a wire brush or a rotary whip attachment. Adjacent sills
and window jambs may need protective shielding.
Rust can also be removed from ferrous metals by using
a number of commercially prepared anti-corrosive acid
compounds. Effective on light and medium corrosion,
these compounds can be purchased either as liquids or
gels. Several bases are available, including phosphoric
acid, ammonium citrate, oxalic acid and hydrochloric
acid. Hydrochloric acid is generally not recommended; it
can leave chloride deposits, which cause future corrosion.
Phosphoric acid-based compounds do not leave such
deposits, and are therefore safer for steel windows.
However, any chemical residue should be wiped off with
damp cloths, then dried immediately. Industrial blowdryers work well for thorough drying. The use of running
water to remove chemical residue is never recommended
because the water may spread the chemicals to adjacent
surfaces, and drying of these surfaces may be more difficult. Acid cleaning compounds will stain masonry;
therefore plastic sheets should be taped to the edge of the
metal sections to protect the masonry surrounds. The
same measure should be followed to protect the glazing
from etching because of acid contact.
Measures that remove rust will ordinarily remove flaking paint as well. Remaining loose or flaking paint can be
removed with a chemical paint remover or with a
pneumatic needle scaler or gun, which comes with a series
of chisel blades and has proven effective in removing flaking paint from metal windows. Well-bonded paint may
serve to protect the metal further from corrosion, and
need not be removed unless paint build-up prevents the
window from closing tightly. The edges should be feathered by sanding to give a good surface for repainting.
Next, any bare metal should be wiped with a cleaning
solvent such as denatured alcohol, and dried immediately
in preparation for the application of an anti-corrosive
primer. Since corrosion can recur very soon after metal
has been exposed to the air, the metal should be primed
immediately after cleaning. Spot priming may be required
periodically as other repairs are undertaken. Anticorrosive primers generally consist of oil-alkyd based
paints rich in zinc or zinc chromate. 2 Red lead is no
longer available because of its toxicity. All metal primers,
however, are toxic to some degree and should be handled
carefully. Two coats of primer are recommended. Manufacturer's recommendations should be followed concerning application of primers.

REPAIR
Repair in Place
The maintenance procedures described above will be insufficient when corrosion is extensive, or when metal window sections are misaligned. Medium to heavy corrosion
that has not done any structural damage to the metal sections can be removed either by using the chemical cleaning

process described under "Routine Maintenance" or by
sandblasting. Since sandblasting can damage the masonry
surrounds and crack or cloud the glass, metal or plywood
shields should be used to protect these materials. The
sandblasting pressure should be low, 80-100 pounds per
square inch, and the grit size should be in the range of
#10-#45. Glass peening beads (glass pellets) have also been
successfully used in cleaning steel sections. While sandblasting equipment comes with various nozzle sizes,
pencil-point blasters are most useful because they give the
operator more effective control over the direction of the
spray. The small aperture of the pencil-point blaster is
also useful in removing dried putty from the metal sections that hold the glass. As with any cleaning technique,
once the bare metal is exposed to air, it should be primed
as soon as possible. This includes the inside rabbeted section of sash where glazing putty has been removed. To reduce the dust, some local codes allow only wet blasting.
In this case, the metal must be dried immediately, generally with a blow-drier (a step that the owner should consider
when calculating the time and expense involved). Either
form of sandblasting metal covered with lead paints produces toxic dust. Proper precautionary measures should
be taken against toxic dust and silica particles.
Bent or bowed metal sections may be the result of
damage to the window through an impact or corrosive expansion. If the distortion is not too great, it is possible to
realign the metal sections without removing the window to
a metal fabricator's shop. The glazing is generally removed and pressure is applied to the bent or bowed section.
In the case of a muntin, a protective 2 x 4 wooden bracing can be placed behind the bent portion and a wire
cable with a winch can apply progressively more pressure
over several days until the section is realigned. The 2 x 4
bracing is necessary to distribute the pressure evenly over
the damaged section. Sometimes a section, such as the
bottom of the frame, will bow out as a result of pressure
exerted by corrosion and it is often necessary to cut the
metal section to relieve this pressure prior to pressing the
section back into shape and making a welded repair.
Once the metal sections have been cleaned of all corrosion and straightened, small holes and uneven areas
resulting from rusting should be filled with a patching
material and sanded smooth to eliminate pockets where
water can accumulate. A patching material of steel fibers
and an epoxy binder may be the easiest to apply. This
steel-based epoxy is available for industrial steel repair; it
can also be found in auto body patching compounds or in
plumber's epoxy. As with any product, it is important to
follow the manufacturer's instructions for proper use and
best results. The traditional patching technique-melting
steel welding rods to fill holes in the metal sections-may
be difficult to apply in some situations; moreover, the
window glass must be removed during the repair process,
or it will crack from the expansion of the heated metal
sections. After these repairs, glass replacement, hinge
lubrication, painting, and other cosmetic repairs can be
undertaken as necessary.
JRefer to Table IV. Types of Paint Used for Painting Metal in Metols in Americo's
Historic Buildings. p. 139. (See bibliography).
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To complete the checklist for routine maintenance,
cracked glass, deteriorated glazing compound, missing
screws, and broken fasteners will have to be replaced;
hinges cleaned and lubricated; the metal windows painted,
and the masonry surrounds caulked. If the glazing must
be replaced, all clips, glazing beads, and other fasteners
that hold the glass to the sash should be retained, if possible, although replacements for these parts are still being
fabricated. When bedding glass, use only glazing compound formulated for metal windows. To clean the hinges
(generally brass or bronze), a cleaning solvent and fine
bronze wool should be used. The hinges should then be
lubricated with a non-greasy lubricant specially formulated for metals and with an anti-corrosive agent.
These lubricants are available in a spray form and should
be used periodically on frequently opened windows.
Final painting of the windows with a paint compatible
with the anti-corrosive primer should proceed on a dry
day. (Paint and primer from the same manufacturer
should be used.) Two coats of finish paint are recommended if the sections have been cleaned to bare metal.
The paint should overlap the glass slightly to insure
weathertightness at that connection. Once the paint dries
thoroughly, a flexible exterior caulk can be applied to
eliminate air and moisture infiltration where the window
and the surrounding masonry meet.
Caulking is generally undertaken after the windows
have received at least one coat of finish paint. The
perimeter of the masonry surround should be caulked
with a flexible elastomeric compound that will adhere well
to both metal and masonry. The caulking used should be
a type intended for exterior application, have a high
tolerance for material movement, be resistant to
ultraviolet light, and have a minimum durability of 10
years. Three effective compounds (taking price and other
factors into consideration) are polyurethane, vinyl acrylic,
and butyl rubber. In selecting a caulking material for a
window retrofit, it is important to remember that the
caulking compound may be covering other materials in a
substrate. In this case, some compounds, such as silicone,
may not adhere well. Almost all modern caulking compounds can be painted after curing completely. Many
come in a range of colors, which eliminates the need to
paint. If colored caulking is used, the windows should
have been given two coats of finish paint prior to caulking.

Repair in Workshop
Damage to windows may be so severe that the window
sash and sometimes the frame must be removed for cleaning and extensive rust removal, straightening of bent sections, welding or splicing in of new sections, and reglazing. These major and expensive repairs are reserved for
highly significant windows that cannot be replaced; the
procedures involved should be carried out only by skilled
workmen. (see fig. 6a-6f.)
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As part of the orderly removal of windows, each window should be numbered and the parts labelled. The
operable metal sash should be dismantled by removing the
hinges; the fixed sash and, if necessary, the frame can
then be unbolted or unscrewed. (The subframe is usually
left in place. Built into the masonry surrounds, it can only
be cut out with a torch.) Hardware and hinges should be
labelled and stored together.
The two major choices for removing flaking paint and
corrosion from severely deteriorated windows are dipping
in a chemical bath or sandblasting. Both treatments require removal of the glass. If the windows are to be dipped, a phosphoric acid solution is preferred, as mentioned
earlier. While the dip tank method is good for fairly evenly distributed rust, deep set rust may remain after dipping.
For that reason, sandblasting is more effective for heavy
and uneven corrosion. Both methods leave the metal sections clean of residual paint. As already noted, after
cleaning has exposed the metal to the air, it should be
primed immediately after drying with an anti-corrosive
primer to prevent rust from recurring.
Sections that are seriously bent or bowed must be
straightened with heat and applied pressure in a
workshop. Structurally weakened sections must be cut
out, generally with an oxy-acetylene torch, and replaced
with sections welded in place and the welds ground
smooth. Finding replacement metal sections, however,
may be difficult. While most rolling mills are producing
modern sections suitable for total replacement, it may be
difficult to find an exact profile match for a splicing
repair. The best source of rolled metal sections is from
salvaged windows, preferably from the same building. If
no salvaged windows are available, two options remain.
Either an ornamental metal fabricator can weld flat plates
into a built-up section, or a steel plant can mill bar steel
into the desired profile.
While the sash and frame are removed for repair, the
subframe and masonry surrounds should be inspected.
This is also the time to reset sills or to remove corrosion
from the sub frame, taking care to protect the masonry
surrounds from damage.
Missing or broken hardware and hinges should be
replaced on all windows that will be operable. Salvaged
windows, again, are the best source of replacement parts.
If matching parts cannot be found, it may be possible to
adapt ready-made items. Such a substitution may require
filling existing holes with steel epoxy or with plug welds
and tapping in new screw holes. However, if the hardware
is a highly significant element of the historic window, it
may be worth having reproductions made.
Following are illustrations of the repair and thermal
upgrading of the rolled steel windows in a National
Historic Landmark (fig. 6). Many of the techniques
described above were used during this extensive rehabilitation. The complete range of repair techniques is then summarized in the chart titled Steps for Cleaning and Repairing Historic Steel Windows (see fig. 7).
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Fig. 6 a. View
wing of the Stare Capitol where the
rolled steel casement windows are being removed for repair.

Fig. 6 c. View of the rusted frame which was unscrewed from the
subframe alld removed from the willdow opening and taken 10 a
workshop for sandblasting. In some cases, severely deleriorated sections of the frame were replaced wilh new sections of milled bar
steel.

Fig. 6 e. View looking down towards the sill. The cleaned frame
was reset in the window opening. The frame was screwed ro the
refurbished subframe at the jamb and the head only. The screw
holes at the sill, which had been the cause of much of the earlier
rusting, were illfilled. Vinyl weatherstripping was added to the
frame.

-

-

J

Fig. 6 b. View from rhe exterior
the deteriorated condition
of the lower corner of a window prior to repair. While rhe sash was
in relatively good cOlldition. the frame behind was rusted [0 the
poilll of i"hibi[in~ operation.

Fig. 6 d. View looking down towards the sill. The subframes appeared very rusted, bllt were in good condilion once debris was
vacuumed and surface rust was removed, in place. with chemical
compounds. Where necessary, epoxy and steel filJer was used to
parch depressions in order to make the subframe serviceable again.
Fig, 6 f View ji"01ll
Ihe outside of the
complete(11
refurbished will dOlI'.
III addilion [0 the
sleel repair alld Ih e
illSlaJ/alioll of I'/'llyl
lI'eat herstripping,
Ihe exterior W(H
callik ed Ifilh
fJO~I' uret'/(lIIe alld
f he sillgle g/rus II"ru
rep/aced with
individual lighlS of
thermal glass. Th e
repaired alld
upgraded Il'indoll'S
IIm'e comparable
energy efficienc)'
roting.l· to li e\\"
replacemelll units
whife retaining fil e
historic steel srull,
frames alld
slIbframes,

Fig. 6. The repair and thermal upgrading oj the historic steel windows at the State Capitol, Lincoln, Nebraska. This early twentieth
century building, designed by Bertram Goodhue, is a National Historic Landmark. Photos: All photos in this series were provided by
(he State Building Division.
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STEPS FOR CLEANING AND REPAIRING HISTORIC STEEL WINDOWS

Recommended
Techniques

~

Tools, Products and
Procedures

Notes

General maintenance
and chemical cleaning

Vacuum and bristle brushes to
remove dust and dirt; solvents
(denatured alcohol, mineral
spirits), and clean cloths to
remove grease.

Solvents can cause eye and skin irritation. Operator should wear protective gear and work in ventilated
area. Solvents should not contact
masonry. Do not flush with water.

Manual and mechanical
abrasion

Wire brushes, steel wool,
rotary attachments to electric
drill, sanding blocks and
disks.

Handsanding will probably be
necessary for corners. Safety goggles
and masks should be worn.

Chemical cleaning

Anti-corrosive jellies and liquids (phosphoric acid preferred); clean damp cloths.

Protect glass and metal with plastic
sheets attached with tape. Do not
flush with water. Work in ventilated
area.

Medium

Sandblasting!abrasive
cleaning

Low pressure (80-100 psi) and
small grit (#10-#45); glass
peening beads. Pencil blaster
gives good control.

Removes both paint and rust. Codes
should be checked for environmental compliance. Prime exposed
metal promptly. Shield glass and
masonry. Operator should wear
safety gear.

Heavy

*Chemical dip tank

Metal sections dipped into
chemical tank (phosphoric
acid preferred) from several
hours to 24 hours.

Glass and hardware should be
removed. Protect operator. Deepset
rust may remain, but paint will be
removed.

*Sandblasting/
abrasive cleaning

Low pressure (80-100 psi) and
small grit (#10-#45).

Excellent for heavy rust. Remove or
protect glass. Prime exposed metal
promptly. Check codes for environmental compliance. Operator
should wear safety gear.

Chemical method

Chemical paint strippers
suitable for ferrous metals.
Clean cloths.

Protect glass and masonry. Do not
flush with water. Have good ventilation and protection for operator.

Mechanical abrasion

Pneumatic needle gun chisels,
sanding disks.

Protect operator; have good ventilation. Well-bonded paint need not be
removed if window closes properly.

Applied pressure

Wooden frame as a brace for
cables and winch mechanism.

Remove glass in affected area.
Realignment may take several days.

*Heat and pressure

Remove to a workshop. Apply
heat and pressure to bend
back.

Care should be taken that heat does
not deform slender sections.

Work Item

*(Must be done in a
workshop)
1. Removing
dirt and
grease from
metal
2. Removing
Rust/
Corrosion
Light

3. Removing
flaking
paint.

4. Aligning
bent, bowed
metal
sections

S

~

~

Work Item

Recommended
Techniques

Tools, Products and
Procedures

Notes

*(Must be done in a
workshop)
Epoxy and steel filler

Epoxy fillers with high content of steel fibers; plumber's
epoxy or autobody patching
compound.

Epoxy patches generally are easy to
apply, and can be sanded smooth.
Patches should be primed.

Welded patches

Weld in patches using steel
rods and oxy-acetylene torch
or arc welder.

Prime welded sections after grinding
connections smooth.

6. Splicing in
new metal
sections

*Cut out decayed sections and weld in new
or salvaged sections

Torch to cut out bad sections
back to 45 0 joint. Weld in
new pieces and grind smooth.

Prime welded sections after grinding
connection smooth.

7. Priming
metal
sections

Brush or spray
application

At least one coat of anti-corrosive primer on bare metal.
Zinc-rich primers are generally recommended.

Metal should be primed as soon as
it is exposed. If cleaned metal will
be repaired another day, spot prime
to protect exposed metal.

8. Replacing
missing
screws and
bolts

Routine maintenance

Pliers to pull out or shear off
rusted heads. Replace screws
and bolts with similar ones,
readily available.

If new holes have to be tapped into
the metal sections, the rusted holes
should be cleaned, filled and primed
prior to redrilling.

9. Cleaning,
lubricating
or replacing hinges
and other
hardware

Routine maintenance,
solvent cleaning

Most hinges and closure hard-·
ware are bronze. Use solvents
(mineral spirits), bronze wool
and clean cloths. Spray with
non-greasy lubricant containing anti-corrosive agent.

Replacement hinges and fasteners
may not match the original exactly.
I f new holes are necessary, old ones
should be filled.

10. Replacing
glass and
glazing
compound

Standard method for
application

Pliers and chisels to remove
old glass, scrape putty out of
glazing rabbet, save all clips
and beads for reuse. Use only
glazing compound formulated
for metal windows.

Heavy gloves and other protective
gear needed for the operator. All
parts saved should be cleaned prior
to reinstallation.

11. Caulking
masonry
surrounds

Standard method for
application

Good quality (10 year or better) elastomeric caulking compound suitable for metal.

The gap between the metal frame
and the masonry opening should be
caulked; keep weepholes in metal
for condensation run-off clear of
caulk.

12. Repainting
metal
windows

Spray or brush

At least 2 coats of paint compatible with the anti-corrosive
primer. Paint should lap the
glass about 1/8" to form a
seal over the glazing
compound.

The final coats of paint and the
primer should be from the same
manufacturer to ensure compatibility. If spraying is used, the glass and
masonry should be protected.

5. Patching
depressions

Fig. 7. STEPS FOR CLEANING AND REPAIRING HISTORIC STEEL WINDOWS. Compiled by Sharon C. Park, AlA.
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WEATHERIZATION
Historic metal windows are generally not energy efficient;
this has often led to their wholesale replacement. Metal
windows can, however, be made more energy efficient in
several ways, varying in complexity and cost. Caulking
around the masonry openings and adding weatherstripping, for example, can be do-it-yourself projects and are
important first steps in reducing air infiltration around the
windows. They usually have a rapid payback period.
Other treatments include applying fixed layers of glazing
over the historic windows, adding operable storm windows, or installing thermal glass in place of the existing
glass. In combination with caulking and weatherstripping,
these treatments can produce energy ratings rivaling those
achieved by new units. 3

Weatherstripping
The first step in any weatherization program, caulking,
has been discussed above under "Routine Maintenance."
The second step is the installation of weatherstripping
where the operable portion of the sash, often called the
ventilator, and the flXed frame come together to reduce
perimeter air infiltration (see fig. 8). Four types of
weatherstripping appropriate for metal windows are
spring-metal, vinyl strips, compressible foam tapes, and
sealant beads. The spring-metal, with an integral friction
fit mounting clip, is recommended for steel windows in
good condition. The clip eliminates the need for an applied glue; the thinness of the material insures a tight
closure. The weatherstripping is clipped to the inside
channel of the rolled metal section of the fixed frame. To
insure against galvanic corrosion between the weatherstripping (often bronze or brass), and the steel window,
the window must be painted prior to the installation of
the weatherstripping. This weatherstripping is usually applied to the entire perimeter of the window opening, but
in some cases, such as casement windows, it may be best
to avoid weatherstripping the hinge side. The natural
wedging action of the weatherstripping on the three sides
of the window often creates an adequate seal.
Vinyl weatherstripping can alSO be applied to metal windows. Folded into a "V" configuration, the material
forms a barrier against the wind. Vinyl weatherstripping is
usually glued to the frame, although some brands have an
adhesive backing. As the vinyl material and the applied
glue are relatively thick, this form of weatherstripping
may not be appropriate for all situations.
Compressible foam tape weatherstripping is often best
for large windows where there is a slight bending or
distortion of the sash. In some very tall windows having
closure hardware at the sash mid-point, the thin sections

of the metal window will bow away from the frame near
the top. If the gap is not more than 1/4", foam
weatherstripping can normally fill the space. If the gap exceeds this, the window may need to be realigned to close
more tightly. The foam weatherstripping comes either
with an adhesive or plain back; the latter variety requires
application with glue. Compressible foam requires more
frequent replacement than either spring-metal or vinyl
weatherstripping.
A fourth type of successful weatherstripping involves
the use of a caulking or sealant bead and a polyethylene
bond breaker tape. After the window frame has been
thoroughly cleaned with solvent, permitted to dry, and
primed, a neat bead of low modulus (firm setting) caulk,
such as silicone, is applied. A bond breaker tape is then
applied to the operable sash covering the metal section
where contact will occur. The window is then closed until
the sealant has set (2-7 days, depending on temperature
and humidity). When the window is opened, the bead will
have taken the shape of the air infiltration gap and the
bond breaker tape can be removed. This weatherstripping
method appears to be successful for all types of metal
windows with varying degrees of air infiltration.
Since the several types of weatherstripping are appropriate for different circumstances, it may be necessary
to use more than one type on any given building. Successful weatherstripping depends upon using the thinnest
material adequate to fill the space through which air
enters. Weatherstripping that is too thick can spring the
hinges, thereby resulting in more gaps.
Sprfng-metal
Spring-metal comes in bronze. brass or
stainless steel with an integral friction-fIt
clip. The weatherstripping is applied after
the repaired windows are painted to avoid
galvanic corrosion. This type of thin
weatherstripping is intended for windo~s
in good condition.

Vinyl Strips

EXTE~IOP;

Vinyl strips are scored and fold into a "V"
configuration. Applied adhesive is necessary
which will increase the thickness of the
:... .
?
weatherstripping. making it inappropriate
.:. . . ..
!or some situati0'.ls. The weat~erstripping
. .. ...
IS generally applied to the wmdow after
I(...WE"ATH"'F1~"'IP' paintiRlt.
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~
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Closed cell foam tape comes either with
or without an adhesive backing. It is
effective for windows with a gap of
approximately W' and is easy to install.
However. this type of weatherstrippin~
will need frequent replacement on
windows in regular use. The metal section
should be cleaned of all dirt and grease
prior to its application.

Sealant Bead EX1f.l"llo",

This very effective type of weatherstrippillR
involves the application of a clean bead of
firm sening caulk on the primed frame
with a polyethelene bond breaker tape on
the operable sash. The window is then
closed until the bead has set and takes the
form of the gap. The sash is then opened
and the tape is removed leaving the sel
caulk as the weatherstripping.

Foam Tape

.; . ..

~

rV,"H!z,

~H

..... .

'LWEAllIf~~l'Itr

lOne measure of energy efficiency is the U-value (the number of BTUs per hour
transferred through a square foot of material). The lower the U-value, the better
the performance. According to ASHRAE HANDBOOK-1977 Fundamentals, the
U-value of historic rolled steel sash with single glazing is 1.3. Adding storm windows to the existing units or reglazing with S/8" insulating glass produces a
U-value of .69. These methods of weatherizing historic steel windows compare
favorably with rolled steel replacement alternatives: with factory installed ." insulating glass (.67 U-value); with added thermal-break construction and factory
finish coatings (.62 U-value).

10

Fig. 8 APPROPRIA TE TYPES OF WEA THERSTRIPPING
FOR METAL WINDOWS. Weatherstripping is an important
part of upgrading the thermal efficiency of historic steel windows.
The chart above shows the jamb section of the window with the
weatherstripping in place. Drawings: Sharon C. Park, AlA.

Thermal Glazing

The third weatherization treatment is to install an additional layer of glazing to improve the thermal efficiency
of the existing window. The decision to pursue this treatment should proceed from careful analysis. Each of the
most common techniques for adding a layer of glazing
will effect approximately the same energy savings (approximately double the original insulating value of the windows); therefore, cost and aesthetic considerations usually
determine the choice of method. Methods of adding a
layer of glazing to improve thermal efficiency include adding a new layer of transparent material to the window;
adding a separate storm window; and replacing the single
layer of glass in the window with thermal glass.
The least expensive of these options is to install a clear
material (usually rigid sheets of acrylic or glass) over the
original window. The choice between acrylic and glass is
generally based on cost, ability of the window to support
the material, and long-term maintenance outlook. If the
material is placed over the entire window and secured to
the frame, the sash will be inoperable. If the continued
use of the window is important (for ventilation or for fire
exits), separate panels should be affixed to the sash
without obstructing operability (see fig. 9). Glass or
acrylic panels set in frames can be attached using magnetized gaskets, interlocking material strips, screws or
adhesives. Acrylic panels can be screwed directly to
the metal windows, but the holes in the acrylic panels
should allow for the expansion and contraction of this
material. A compressible gasket between the prime sash
and the storm panel can be very effective in establishing a
thermal cavity between glazing layers. To avoid condensation, 1/8" cuts in a top corner and diagonally opposite
bottom corner of the gasket will provide a vapor bleed,
through which moisture can evaporate. (Such cuts, however, reduce thermal performance slightly.) If condensation does occur, however, the panels should be easily removable in order to wipe away moisture before it causes
corrosion.
The second method of adding a layer of glazing is to
have independent storm windows fabricated. (Pivot and
austral windows, however, which project on either side of
the window frame when open, cannot easily be fitted with
storm windows and remain operational.) The storm window should be compatible with the original sash configuration. For example, in paired casement windows,
either specially fabricated storm casement windows or
sliding units in which the vertical meeting rail of the slider
reflects the configuration of the original window should
be installed. The decision to place storm windows on the
inside or outside of the window depends on whether the
historic window opens in or out, and on the visual impact
the addition of storm windows will have on the building.
Exterior storm windows, however, can serve another purpose besides saving energy: they add a layer of protection
against air pollutants and vandals, although they will partially obscure the prime window. For highly ornamental
windows this protection can determine the choice of exterior rather then interior storm windows.

The third method of installing an added layer of glazing
is to replace the original single glazing with thermal glass.
Except in rare instances in which the original glass is of
special interest (as with stained or figured glass), the glass
can be replaced if the hinges can tolerate the weight of the
additional glass. The rolled metal sections for steel windows are generally from 1" - 1 1/2" thick. Sash of this
thickness can normally tolerate thermal glass, which
ranges from 3/8" - 5/8". (Metal glazing beads, readily
available, are used to reinforce the muntins, which hold
the glass.) This treatment leaves the window fully operational while preserving the historic appearance. It is,
however, the most expensive of the treatments discussed
here. (See fig. 60.
EXTEt) lOP\.
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Fig. 9 Two examples of adding a second layer of glazing in order to impro.ve the thermal performance of historic steel windows. Scheme A
(showing jamb detail) is of a ~ I I acrylic panel with a closed cell foam
gasket attached with self-tapping stainless steel screws directly to the exterior of the outwardly opening sash. Scheme B (showing jamb detail) is
of a glass panel in a magnetized frame affIXed directly to the interior of
the historic steel sash. The choice of using glass or acrylic mounted on
the inside or outside will depend on the ability of the window to tolerate
additional weight, the location and size of the window, the cost, and the
long-term maintenance outlook. Drawing: Sharon C. Park, AlA.

WINDOW REPLACEMENT
Repair of historic windows is always preferred within a
rehabilitation project. Replacement should be considered
only as a last resort. However, when the extent of
deterioration or the unavailability of replacement sections
renders repair impossible, replacement of the entire window may be justified. In the case of significant windows,
replacement in kind is essential in order to maintain the
historic character of the building. However, for less
significant windows, replacement with compatible new
windows may be acceptable. In selecting compatible
replacement windows, the material, configuration, color,
operability, number and size of panes, profile and proportion of metal sections, and reflective quality of the
original glass should be duplicated as closely as possible.
A number of metal window manufacturing companies
produce rolled steel windows. While stock modern window designs do not share the multi-pane configuration of
11

historic windows, most of these manufacturers can
reproduce the historic configuration if requested, and the
cost is not excessive for large orders (see figs . lOa and
lOb). Some manufacturers still carry the standard preWorld War II multi-light windows using the traditional
12" x 18" or 14" x 20" glass sizes in industrial, commercial, security, and residential configurations . In addition,
many of the modern steel windows have integral
weatherstripping, thermal break construction, durable
vinyl coatings, insulating glass, and other desirable
features.

For product information on replacement windows, the
owner, architect, or contractor should consult manufacturers' catalogues, building trade journals, or the Steel
Window Institute, 1230 Keith Building, Cleveland, Ohio
44115.

SUMMARY
The National Park Service recommends the retention of
significant historic metal windows whenever possible.
Such windows, which can be a character-defining feature
of a historic building, are too often replaced with inappropriate units that impair rather than complement the
overall historic appearance. The repair and thermal
upgrading of historic steel windows is more practicable
than most people realize. Repaired and properly maintai ned metal windows have greatly extended service lives.
They can be made energy efficient while maintaining their
contribution to the historic character of the building.
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Windows manufactured from other materials generally
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does not reflect the thin historic profiles of most steel
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they reproduce the thin profiles of the rolled steel sections, and consequently are generally not acceptable
replacements.
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"Stained glass" can mean colored, painted or enameled glass, or glass
till ted with fme g lass "staills." In tltis Brief tlte tenn refers to both

colored lind paillted glass. "Leaded glass" refers generically to all glass
assemblies I,cld i" place by lead, copper, or zitlc cames. Because the
cot/stnlctiott, protection, and repair t ec1lt1iqllcs of leaded g la ss fillitS are
similar, whether the glass itself is colored or clear, "stained g la ss" lind
"leaded g lass" are used illterchallgeably tltroughollt tI,e text.

Glass is a highly versa tile 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 effects
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' infinite ways.

restoration work undertaken on stained and leaded glass
must be done by professionals, whether the feature is a
magnificent 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.

Stained and leaded glass can be found throughout America
in a dazzling variety of colors, patterns, and textures (Fig. 1).
It appears in windows, doors, ceilings, fanlights, sidelights,
light fixtures, and other glazed features found in historic
buildings (Fig. 2). It appears in all building types and
architectural styles-embeUishing the light in a great
cathedral, or adding a touch of decoration to the smallest
row house or bungalow. A number of notable churches,
large mansions, civic buildings, and other prominent
buildings boast windows or ceilings by LaFarge, Tiffany,
Connick, or one of many other, lesser-known, American
masters, but stained or leaded glass also appears as a
prominent feature in grea t 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 g lass. It addresses common causes of deterioration
and presents repair, restoration, and protection options. It
does not offer detailed advice on specific work treatments.
Glass is one of the most durable, yet fragile building
materials. While stained glass windows can last for
centuries, as the grea t cathedrals of Europe attest, 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

Figure 1. The door alld transom of fhe Edward Ha zlett Hou se, Wheelillg,
West Virgil/ia (189 1-1892), suggest fhe ricl/1/ess of 1911, celltury leaded
glass. PI,oto: Jack E. BOl/cher, HABS.
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Historical Background
Glassblowers were among the founders of lamestown in
1607, and early glass manufacturing was also attempted in
17th-century Boston and Philadelphia. Dutch colonists in
the New Ne therlands enjoyed painted ova l or circular
medallions that bore the family's coa t of arms or illustrated
Du tch 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 difficulties. As a result, colonists imported
most of their glass from England throu ghout the 17th and
18th centuries.'
Social va lues 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 settled
New England, rejected the religious imagery of the Church
of England, and built simple, unadorned churches w ith
clea r glass w indows. Consequently, not much glass
remains from the colonial and earl y nationa l periods. 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, allY window glass surviving
T i c-w ire

(be[ore fo ldin g)

Figure 3. TI,e ell/rance to the Morris-Iumel Mansion, New York City, is
olle of fhe earliest surviving instnllations of leaded glass in the cOlllltry. It
featllres a fendcd Inlltighl alld sidelights of large clear rOlll/dels alld small
bulls-eyes of red alld om nge flashed glass from cn. 1810. Photo: The
American /ll sfituf e of Arch itects Library fllld Archives, Wa shillgton, D.C.

from these periods is very significant (Fig. 3). Ever y effort
should be made to document and preserve it.
Despite many failed sta rts, the Wa r of 1812, and British
compe tition, Amer ican g lass production increased stead il y
throughout the 19th century. Stained glass was avai lab le
on a very limi ted basis in America during the first quar ter
of the 19th century, but American sta ined glass did not
reall y eme rge in its own right until the 1840s.' The
windows at St. Ann and the Holy Trinity Episcopal Ch urch
in Brooklyn, New York, made by John and William lay
Bolton between 1843 and 1848, are perhaps the most
significant ea rl y American stained glass installation (Fig. 4).
Other important early stained g lass 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.

Anatomy of a
Leaded Window
Figure 2. COII/pollellis of a leaded glass window. Drnw;IIg: Neal A. Vogel.
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America's glass industry boomed during the second half of
the 19th century. (And although stained and leaded glass is
found nationw ide, the manufacturing was based in the
Northeast and Midwest, where good natural ingredients for
glass, and coal reserves for the kilns were ava ilable.
Moreover, nearly all of the nationall y renowned studios
were based in major metropolitan areas of the central and
northeastern sta tes-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. [n 1879
the Window Glass Association of America was estab lished,
and in 1903 The Na tional Orn amental Glass Ma nu facturers'
Association, precursor of the Stained Glass Association in
America, was form ed .
The 60 yea rs from about 1870 to 1930 were the high point
for stained glass in the U.s. In the early years, American
stylistic demands reflected those current in Europe,

Figure 4. Tile willdows at St .
alld the Holy Trinity
Episcopal ClllIrch, BrooklYII,
New York, were made betweell
1843-1849 by la/Ill alld
William Jay Boltoll. Pilato:
Lelalld A. Cook.

AIlIl

including various historic revivals, and aesthetic and
geometric patterns. American patterns prevailed thereafter;
they tended to be more vivid, brash, and bold (Fig. 5).
After 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 I.
Among the leading proponents of the Art Nouveau Style
were glassmakers John LaFarge and Louis Comfort Tiffany.
Both men experimented independently throu ghout the
1870s to develop opalescent glass, which La Farge was first
to incorporate into his windows. Tiffany became the betterknown, due in part to his prolific output. He attracted
world-class artists and innovative glassmakers to his
studio, which produced over 25,000 windows. Today,
"Tiffany" remains a household name. His favorite and
most popular scenes were naturalistic images of flowers,
colorful peacocks and cockatiels, and landscapes at sunrise
and sunset (Fig. 6). LaFarge, while appreciated in his own
day, gradua ll y slid into relative obscurity, from which he
has emerged in recent decades. Tiffany and LaFarge are the
greatest names in American stained glass.
In dramatic contrast to the American Art Nouveau style
was the Neo-Gothic movement that became so popular for
church and uni versity architecture across the country.

Figure 5. Stained glass is all exterior feature as weJJ as mz il/ferior olle.
As part of allY preservatiol/ project, stailled glass sllOuld be pllotogrnplll!d
from the outside as well as the inside. Tile frame of tltis Aesthetic
Movemellf wil/dow (circa 1880) I/eeds repair. Photo: Neal A. Vogel.
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widely accepted and proliferated
during the early 20th century.
By 1900, stained and leaded glass
was being mass-prod uced and
was available to almost every ne.
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, some offering over 100
low-cost, mass produced designs
(although the same catalogs
assured buyers that their leaded
glass was "made to order") (Fig.
1

9).

The fading popularity of the
ornate Victorian sty les, combined
with inferior materials used for
mass production, and America's

entry into World War I (which
reduced the availability of lead),
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 HOllse Beallliflli Bllildillg
Allllllal declared: "the crude

stained glass w indows in many of
the Mansard-roof mansions of the

'eighties [1880s] prove how
dreadful glass can be when
wrongly used." The great age of
stained glass was over. However,
leaded glass panels have survived
in uncounted numbers throughout
the country, and are now once
aga in appreCiated as major
features of historic buildings.

Figure 6. A 1907 window typical of those produced by TiffallY Studios. Clmrncteristics i"clude tile lise of
opalescent glass, illtricnte lending, copper joil, extensive etcliillg, plating (i.e., several layers of glass), am{ a
scene with perspective tlml simulates'a paill tillg. Hyde Park Unioll Church, Chicago. PlIO/a: Dial/a Kincaid.

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 Tiffany'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 carnes in 1893. These
carnes-much stiffer than lead-made it possible to carry
out the linear designs of Prairie School windows with fewer
support bars to interfere with the design. At first, these
windows had only an elitist following, but they were soon
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Dating and Documenting
Historic Leaded Glass

Before deciding on any treatment
for historic leaded glass, every
effort should be made to understand-and to record-its
history and composition. Documentation is strongly
encouraged for signHicant windows and other elements.
Assigning an accurate date, maker, and style to a stained
glass w ind ow often requires extensive research and
professional help. A documentation and recording project,
however, is worth the effort and expense, as insurance
against accidents, vandalism, fire and other disasters. The
better the information available, the better the restoration
can be. The following sources offer some guidelines f r
dating leaded windows.
Build ing Context. The history of the building can provide
ready clues to the history of its leaded windows, doors, and

address, 1892-1902), TiffallY
Stlldios New York or LOllis C.
TiffallY (post 1902). Tiffany
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 ma y
feature dated plaques
commemorating a donor.
However, these do not always
indicate the date of the window,
since windows were often
installed before a donor was
found. Nevertheless, these
fea tures help establish a
reasonable date range.

Figure 7. Cllarles J. COllllick was allotl,er Americall mas.ter oj s.taill~d glass. He worked ill a modemized
Neo-Gothic style. Tllis wi"dow ;s fro m 1921. Photo: Dmlla KlIIcard.

other elements. The construction date, and dates o f 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 tem ples. They
were often built w ith openings glazed w ith clear leaded
glass. Stained glass was added
later as finances allowed.
Conversely, the windows may be
earlier than the building. They
may have been removed from one
structure and installed in another.
Bills, inventories, and other
written documents often give
clues to the date and composition
of leaded glass. Religious
congregations, fraternal lodges,
and other organizations may ha ve
written histories that can aid a
researcher.
Inscriptions and Signatures.
Many studios and artists affixed
signature plates to their workoften at the lower right hand
corner. In the case of Tiffany
windows, the signature evolved
through several distinct phases,
and helps date the piece within a
few years: TiffallY Glass Company
(1886-1892), Tiffany Glass &
Decorniillg Company (with

Composition and Other Stylistic
Elements. These elements are
more subjective, and call for a
fairly broad knowledge of
a rchitecture and art history. Do
the windows fit the general style
of the building? The style of the
w indow may point to a general
stylistic period (e.g., Arts &
Crafts, Art Nouvea u, Prairie
School). The imagery or
iconography of the w indows
may also reveal their overall
historical context and establish a
general time period (Fig. 10).

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 o pening been altered? Is the window set in an iron
fram e (post-1850s), a steel frame (generally post-World War
I), a cast stone fra me (seen as early as the 1880s, but popular

Figure 8. Tlw master bedroom wil/dow a~ ~mllk Lloyd WrIght's. Dalla .Hollse ~II Sp~i"gfield,. lIIillo ;s (1.903) ,
reflects tlw arch itect's philosoplly of provldlllg oT/Jall/elltatlOl/. wltllollt I1It~rjerlllg Wl~" the vww. Details SIIOW
profi!t.>s ojzillc ca mes. Photo: Lelalld A. Cook; Courtesy, Cll lcago MetallIc CorporatlOll.
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£. 1.. 'ROBERT'll A: CO., CHlCA<}O .

LEADED WHITE AIm CLEAR GLASS.

Figure 10. This image illustrates Thomas /. "Stollcwall" Jacksoll and
J.E.B. Stuart al the Secolld Battle of Mallassas. The willdow comprises
three of Iline pallels ellfit/ed 'Tlte Rise alld Fall of the COllfederacy , at
RI/Odes Hall ill At/allta. These willdows were execllted by VOll Gerie/,te"
Art Glass Compally of Coillmbus, Ohio, 1905 (installed). A.G. RllOdes
reportedly relllrlled olle scelle 10 Ihe sfudio to be redO/ ie because fhe
Yallkees weren'f rlllll/illglasf enollgh. Pholo: Tommy JOlles; Courtesy,
Georgia Trl/ sffor Historic Preseroatioll.
Figure 9. A typical mail-order catalog page of (lrt glass windows
available i/l 1903 fro m the E. L. Roberts Compfmy, Cllicago.

after 1900), or a terra cotta frame (generally after 1900)?
Reinforcement and Leading Detai1s. Does the window or

other element have round bars or flat bars? Flat bars began
to appear about 1890; round bars, used since the Middle
Ages, remained in use until the 1920s, when flat bars
supplanted them. Carnes can also give dating clues. Zinc
carnes, for example, developed by a midwestern company
in association with Frank Lloyd Wright, first appeared in
1893. In general, however, dating a window by the came
alone is difficult. 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-fix" clip-on
Georgian-style ornaments.

Glass. The glass itself can help in dating a wi ndow.
Opalescent glass, for instance, was patented by John
LaFarge in 1880. Tiffany patented two varia tions on
LaFarge's technique in the same yea r. (Opalescent glass is
translucent, with variegated colors resulting from internally

refracted light. It features milky colored streaks.) Pre-1880
glass is usua ll y smooth translucent colored glass (painted or
no t); glass with bold, deep colors is typica l of the 1880s and
1890s, along with jewels, drapery glass and rippled glass.
But such flamboyance faded out with the rest of Victo riana
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by about 1905. However, stained glass styles of the late
19th century continued to appear in ecclesiastical buildings
after they passed from general fashion. Leaded beveled
plate glass was popular in residential architecture after
1890, and was used profusely until the 1920s.
The level of documentation warranted depends upon the
Significance of the window, but it is very important to
document repair and restoration projects before, during,

and after project work. Photographs will norma lly suffice
for most windows (see "Photographing Stained Glass
Windows" on page 7). For highly significant w indows
(generally, those which were not mass produced), rubbings
as well as written documentation are recommended. The
leading patterns in such windows are complex, particularly

in plated windows (which have several layers). Rubbings
are therefore encouraged for each layer; they are in va luable
if a disaster strikes and reconstruction is required.

Annotated rubbings of the lead work should be done with a
wax stone on acid-free ve llum.

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 ca n indicate e thn ic heritage,
particularly in churches or civic structures where windows
often re fl ect styles and themes from the cong regation's or
community's origins. Lastly, any conjectura l informati on

should be clearly noted as such.

Photographing Stained Glass Windows
Windows should be photographed with daylight color
slide film and black & white film in both transmitted and
reflected light. Significant windows should be recorded
with a positive color film, such as Kodachrome, wlt~ a low

ISO, since it is more stable, and images should be prmted
on Resin-Coated paper. Black & white images should be
printed on fiber-based paper to be considered archival.
Photographing stained glass from the interior is not
.
difficult if a few basic pieces of eqwpment are used and if a
few simple rules are observed . A strong tripod, shutter
cable release, light meter, and camera with through-thelens metering will make the job easier. The key is to
photograph windows in even, moderate daylight with the
interior dimmed (lights off and, if necessary, with the other
windows covered). Although some stained glass is
dazzling in sunlight, the camera lens and film react
differently from the human eye, which can quickly
equalize the high contrast of light and dark glass. Film
cannot discriminate this intense contrast, and the result can

be a washed-out exposure or "hot spots." A light meter
should be used to average out variations w ithin the

window, with special consideration for the focal point or
most important feature of the window, such as a face.
Since there is no precise formula for obtaining a balanced
exposure, shots should be bracketed. When
photographing on sunny days, shoot away from the sun;
shoo t eastern windows in the afternoon, western wmdows

in the morning, southern windows at either time, and
northern windows at midday. The glass should also be
photographed from the inside wi th reflected light from a
flash (positioned away from the camera to provIde a rakmg
light and to avoid reflected "hot spots"). Although .
photographing with a flash will neutralize the transmItted
light and black out the glass, interior photography IS
valuable because it reveals the location and condition of
the carnes, braces, tie-wires, and other elements. Shoot the
windows as centered and straight on as possible to
minimize distortion and to keep the window frames from
blocking details. 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 was often meant to be read from
the exterior as well. As a final note, to photograph glass
consistently well, it is essential to limit the variables (by
using the same film, camera, and lenses), and to record the
camera settings, to compare with the developed pIctures
and to adjust accordingly next time.

Deterioration of Stained and Leaded Glass
Three elements of leaded glass units are prone to damage
and deterioration: the g lass itself; the decorative elements

(mostly applied paint); and the structural system
supporting the glass.

opalescent glass). And all glass can be darkened by dirt; this
can often be removed (see "Cleaning" on page 9). However, while glass does not normally deteriorate, it is susceptible to scratchillg or etching by abrasion or chemicals,
and to brenknge.
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 vanda lism. When set in operable doors or
w indows, 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 w indow in the frame, or more rarely, by

structural movement within the building. Leaded glass that
is imprope rly annea led 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 fire. Finally, windows assembled with
long, narrow, angular pieces of g lass are inherently prone to

cracking. Often 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
figures found in church w indows, often presents serious

preservation challenges. If fired improperly, or if poor
quality mixtures were used, painted glass is especiall y
vulnerable to weathering and condensation. Some studios

were notorious for poorly fired 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 ki ln. Since
they are prod uced from ground glass, enamels do not
"fade," as often suggested, but rather flake off in particles.
Several steps in the painting process can produce fragile
paint that is susceptible to flaking. 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 firing (i.e., baking the glass either at too Iowa
temperature or for too li ttle time). Unfortunately, in
American stained glass, the enamels used to simulate flesh
tones were typica ll y generated from several layers that
were fired at too Iowa tem perature. This means the most

difficult features to replicate-faces, hands and feet-are
often the first to flake away (Fig. 11).
Structural Deterioration
The greatest and the most common threa t to leaded glass is

deterioration of the skeletal structure that hold s the glass.

Glass Deterioration

The structure consists of frame members, and lead or z inc
(and occasionally brass or copper) came that secures
individua l pieces of g lass. Frame members include wood

Glass is virtually immune to natura l deterioration. Most

sash and muntins that decay, steel t-bars and "saddle bars"

American glass is quite stable-due to changes in glass
composition made in the mid-19th century, particularly the

fracture and spall (Fig. 12). When frames fail, leaded glass

increased silica content and the use of soda lime instead of
potash as a source of alka li. Rarely, however, glass
impurities or poor processing can ca use problems, such as
minor discoloratioll or tiny internal fractures (particularly in

that corrode, and terra cotta or stone tracery that can
sags and cracks due to in sufficient 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
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Figure 11. TIle face
pai"t has fa iled
substant ially ill the
figure at tlte left.
Ghost images of the
feature nre barely
visible. Willdow
(1903) by Edwill P.
Sperry, glass by
TiffallY Studios; "Old
Maill, " (189 J-J893)
JIlillois II/stil l/Ie of
Technology, Ch icago.
Photo; Rolf Achilles.

putty or mortar can be nearly im possible; as a las t resort,
glass borders may ha ve to be sacrificed to remove the
w ind ow.

OccaSionall y, leaded glass was designed or fabricated with
inadequate bracing; this results in bulging or bowing
panels; leaded panels should generally not exceed 14 li near .....
feet (4.25 m) around the perimeter without support. More
often, the placement of bracing is adequate, but the tiewires that attach the leaded panels to the primary frame
may be broken or disconnected at the solder joints.
Lead and z inc carnes are the two mos t 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
craftsmanshi p, and the glazing concept or design, as well as
on the me taLLic compositi on of the carnes, the ir cross-section

strength, how well they are joined and soldered, and the
leading pattern within each panel. Came is prone to
natural deterioration from wea thering and from thermal
expansion and contraction, w hich causes me tal fatigue.

The inherent strength of the assembly system is also related
to the cross-section, pro file and inte rnal construction of the

came (Fig. 13). Came can have a fl at, rounded, or "colonial"
profile, and aside from a few specialty and perimeter ca rnes
(V-channel), is based on a va riation of the letter "H "and
ranges from :'; " (3.2mm) wide to 1:0" (38mm) wide. The
cross-section strength of came va ries depending on the

thickness of the heart and flanges. OccaSionally, came with
reinforced (double) hearts or a steel core was used for
rigidi ty. Such came added strength at the expense of
flexibility and was typicall y used for rectilinear designs, or
for strategicall y placed reinforcement within a curvilinear
design.

Figll re 12. These stained
glass angels appear COI/cerlled over the cracked
terra cotta frames of ti,e
rose window tlley grace.
Photo: Neal A. Vogel.

unpro tected, wood and glazing compounds decay over time
from moisture and exposure to sunlight-with or without
protecti ve storm glaZing-allowing glass to fall out.

Heart

(a)

(b)

Cd)

(e)

Steel frames and saddle bars (braces) corrode when not
maintained, w hkh accelerates the de terioration 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
wind ow units, w hich require w ider sections for equal

strength and typically trim an inch or more off the glass
border. Instead of relocating glass in aluminum frames,
historic steel frames should be repaired . Often the
corros ion is supe rficial; frames in thi s condition need

prepping, painting with a good zinc-enriched paint, and
realignment in the fra me.

Masonry frames typically last a long time with few
problems, but removing leaded glass panels set in hardened
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Figll re 13. A wide variety of came has been IIsed for omamental glass in
America: (a) flat lead came; (b) round lead came; (c) "Colon ial" zinc
call1e; (d) dOll ble*heart lead came with a steel core; (e) "Prairie Scfwo/"
zillc came. Drawillg: Neal A. Vogel.

Came Types and Properties
Lead Came: Lead is a soft malleable metal (it can be
scratched with a fingernail) . 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 lOG-year rule of thumb for the life expectancy of 19th
century came-less for came produced during war times.
The demand for lead ammunition and the resulting scarcity
of lead required studios to stretch the available lead to its
limits, thus resulting in weaker carnes. In the 1970s
"restoration lead" (ASTM B29-84) was developed based on
metallurgic analyses of medieval carnes, some of which
have lasted for centuries. Restoration lead should always
be used when releading historic windows.
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 coefficient 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
little 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 very
curvilinear designs. Zinc can also take several finishes,
including a copper or black finish . (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.

adjacent parallel lines tend to hinge or "accordion," while
lines radiating in concen tric circles te nd to te lescope into a

bulge. Stronger leading techniques, support bars, or
specialty ca rnes are sometimes required to correct poor

original design. Minor sagging and bulging is to be expected in an old window and may not require immediate
action. However, when bulges exceed 1W' (38mm) out of
plane, they cross into a precarious realm; at that point, glass
pieces can crack from severe sagging and pressure. If the
bulged area moves when pressed gently, or if surrounding
glass is breaking, it is time to address the problem before
seriou s fa ilure results .

Cleaning, Repair, Restoration, and Protection
The level of clean ing, repair, or res toration depends on the

condition, quality, and significance of the glass, and, as
always, the available budget. Hastily undertaken, overly
aggressive, or poorly exec uted repa irs can cause more

damage than does prolonged deterioration. Repairs should,
therefore, only be undertaken after carefully evaluating the
condition of the glass-and only by professionals. Minor
cracks, sagging, and oxidation are part of the character of
historic leaded glass, and require no treatment. More
extensive cracks, major bulges (generally, more than Hi"
[38mmj), and other signs of advancing deterioration call for
intervention, but caution must always be exercised. And
each window must be eva luated separately. In some cases,

windows have bulged up to 4" (102mm) out of plane
witho ut harming the pieces of glass or risking collapse.
Cleaning
Perhaps the greatest virtue of stained g lass is that its
appearance is constantly transformed by the ever-changing
light. But dirt, soot, and grime can build up on both sides
of the glass from pollution, smoke, and oxidation. In
churches the traditional burning of incense or candles can

eventually deposit carbon layers. These deposits can
substantially reduce the transmitted light and make an
originally bright window muted and lifeless. Simply
cleaning glass will remove harmful deposits, and restore

much of its original beauty, while providing the
opportunity to inspect its condition closely (Fig. 14). The
type of cleaner to use depends on the glass. Water alone
should be tried first (soft water is preferable); deionized
water should be used for especia lly significant glass and
museum quality restorations . If water alone is insufficient,

How the carnes are joined in a leaded pane l is crucial to
their long-term performance. Poor craftsmanship leads to a
weak assembly and premature failure, while panels
fabricated with interlocking (weaving) carnes and lapped
leads add strength. Soldered joints often reveal the skill
level of the artisan who assembled the window, and can
give evidence of past repairs. Solder joints should be neat
and contact the heart of the came-wherein lies its greatest
strength. Came joints should be examined closely; large
globs of solder commonly conceal carnes that do not meet.
(Lead carnes typically crack or break along the outside edge
of the solder joint; stronger zinc carnes frequently break the
solder itself where it bridges junctures.) Weak joints
contribute to a loose glass housing, and if glass rattles in the
carnes when the window is gently tapped , it is an indicator
that repair or restoration is needed.

Leading patterns designed with inadequate support also
contribute to structural failure. Panels with a series of

Figllre 14. Tile illstrllctor removes one of six etched plates from a ca.
1905 TiffallY window ill order fo cleall the illterspaces and provide a rare
educaliollal opportllllity af a restoratioll worksllop. Cypress WWll
Memorial Park, Col ilia, California. PI,oto: Neal A. Vogel.
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the next step is to use a non-ionic detergent. Occasionally,
windows are covered with a yellowed layer of shellac,
lacquer, varnish, or very stubborn grime which requires
alcohol, or solvents to remove. Most unpainted art glass can
be treated with acetone, ethanol, isopropyl alcohol or
mineral spirits to remove these coatings if gentler methods
have failed. All chemical residue must then be removed
with a non-ionic detergent, and the glass rinsed with water.
(All workers should take normal protective measures when
working with toxic chemicals.)

Painted glass must never be cleaned before the stability of
the paint is confirmed, and only then with great caution. If
the paint is sound, it can be cleaned with soft sponges and
cloth. If the paint was improperly fired or simply applied
cold, paint can flake off during cleaning and special
measures are required such as delicate cleaning with cotton
swabs. Occasionally, paint is so fragile the owner must
simply accept the windows in their current state rather than
risk losing the original surface.
Acidic, caustic, or abrasive cleaners should never be used.
They can damage glass. Most common household glass
cleaners contain ammonia and should not be used either;
ammonia can react with the putty or metallic carnes.
Repair
As with all elements in older and historic buildings,
maintenance of leaded glass units is necessary to prevent
more serious problems. It is essential to keep the frame
maintained regardless of the material. Often, this simply
entails regular painting and caulking, and periodic
replacement of the glazing compound. Wood frames
should be kept painted and caulked; new sections should be
spliced into deteriorated ones, and epoxy repairs should be
made where necessary. Masonry frames must be kept well
pointed and caulked to prevent moisture from corroding
the steel armature and anchors within.
Windows that leak, are draughty, or rattle in the wind (or
when gently tapped) indicate that the waterproofing
cement ("waterproofing") and sealants have deteriorated
and maintenance or restoration is needed. Waterproofing is
a compound rubbed over the window-preferably while
flat on a table-and pressed under the came flange to form
a watertight bond between the leading and the glass. Traditionally, waterproofing was made of linseed oil and
whiting, and a coloring agent. (Hardening agents should
not be included in the mixture; solvent-based driers should
be used sparingly.) The waterproofing allows leaded glass
in a vertical position (Le., in windows) to be used as a
weatherproof barrier. It does not provided adequate
protection for leaded glass in a horizontal or arched
position; leaded glass ceilings and domes must always be
protected by a secondary skylight or diffusing skylight.
Sealants (e.g., putties, caulks, and silicones) are used to seal
the leaded panel against the sash, and to seal any open
joints around the window frame. Sealants have improved
dramatically since the development of silicones from World
War II technology. Silicones are not without problems,
however. Some release acetic acid as they cure. Acetic acid
can harm lead, and should never be used on leaded glass.
Instead, "neutral cure" silicones should be used. Developed in the early 1970s, "neutral cure" silicones have an
expected lifespan of 50 years. These high-tech construction
sealants are not sold in consumer supply stores. The
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appropriate type of sealant depends on the materials to be
bonded and on the desired appearance and longevity.
When windows are to be restored, the contractor should
explain what types of waterproofing and sealants are to be
used, and how long they are expected to last. On large
~
projects, a letter from the product manufacturer should be '. }
obtained that approves and warranties the proposed
application of their product.
Leaded panels will generally outlast several generations of
waterproofing. When the waterproofing has failed, the
window should be removed from the opening and waterproofed on a bench. Leaded glass cannot be adequately
waterproofed in place. Removing the windows will
provide an opportunity to perform maintenance on the
window surround and to secure the reinforcement. This is
far less expensive than totally releading the window, which
is typically required if maintenance is deferred. When
waterproofing or sealants break down, many building
owners attempt to resolve the problem by installing protective glazing, when the window only needs'maintenance.
Protective glazing is not an alternative to maintenance; in
fact, it impedes maintenance if not installed properly and
can accelerate the deterioration of the stained glass (see
"Protective Glazing and Screens" on page 12).
A very common-but extremely harmful-practice in the
American stained glass industry is performing major
window repairs in place. The practice is routine among
churches where the cost of restoring large windows can be
prohibitive. However, undertaking major repairs in place
provides only a quick fix. A window cannot be properly
repaired or restored in place if it is bulging or sagging far
out of plane, if over 5% to 10% of the glass is broken, or if ." ,
solder joints are failing. Unscrupulous glazers can
J
introduce a great deal of stress into the glass by forcibly
flattening the window in place and tacking on additional
bracing. At a comfortable distance the window may look
fine, but upon close inspection the stress cracks in the glass
and broken solder joints become obvious. Windows
subjected to this treatment will deteriorate rapidly, and
complete, much more costly restoration will likely be
necessary within a few years (while a proper repair can
easily last two generations or more).
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 first to prevent damage during other work.
Windows should be reinstalled as the next-to-Iast step in
the larger project (followed by the painters or others
working on the finishes 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 scaffolding, for example,
erected for repointing or roofing projects may offer vandals
and thieves easy access to windows and, through them, to
building interiors. Finally, stained and leaded glass should
always be well protected whenever chemical cleaners are
used on the exterior of the building; some products, such as
hydrofluoric-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 as a reasonable

~

)

stop-gap measure. This work, typically called a "d rop-in,"
"stop-in," or "open-lead" repair, entail s cutting the came

flange around the broken piece of glass at the solder joints,
folding it back to repair or replace the old glass, and
resolde rmg the joints. Repa iring a zinc ca me w in dow is not

as easy. Zinc carnes are too stiff to open up easil y, so they
must be cut open with a s mall hack saw and dismantled
until the broken area is reached. The glass is then repaired
or replaced and the window is reassembled. New ca rn es

can be patina ted to harmonize with the originals-but on ly
with difficu lty. Repatination should never be attempted in
place, since it is impossible to clean off harmful resid ues
trapped under the came.
Original glass should always be retained, even though it
may be damaged. Replacement glass that exactly or closely
matches the original piece can be very difficu lt to find , 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 different. The traditional 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. The re fore, it is nearly
always better to lise an ill/perfect original piece of glass thall to
replace it. If the paint is fai ling on a prominent fea ture of a
window, a coverplate of thin, clear glass can be painted and
placed over the original. (The coverplates must be attached
mechanica lly, 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 (Fig. 15).

Figure 15. New stencils are IIsed to produce matcliing replacement glass
for repetitive stenciled pattem s ill a ca. 1870 window. Photo: Neal A.
Vogel.
Figure 16. Th is
stenciled rOllndel is
beillg repaired by the
copper foil techllique.
Tile glass cracked
becallse it was 1I0t
properly mlllealed.
a lice it cracks, it
relieves the illtemal
stress and stabilizes.
Pilato: Neal A.
Vogel.

Sometimes replacement is the only option. Fortun ately,
custom glass houses still exist, including the company that
origina ll y supplied much of the glass for Tiffany
commissions. Stained and leaded glass has a Iso
experienced a resurgence in popularity, and American
glassmakers have revived many types of historic glass.

When missing, shattered, and poorly matched glass from
later repa irs must be replaced, the new pieces should be
scribed on the edge (under the came) w ith the date to
prevent any confusion wi th original g lass in the future .

Glass cracks will enlarge over time as the contacting edges
grind against each othe r w he never the window is subject to
vibration, thermal expansion and contraction, and other
forces such as building movement. Therefore, it is
important to repa ir cracks across important fea tures as soon
as they are detected, and w hile a clean break re ma ins.

Yea rs ago, cracks were typically repaired with a
"Dutchman" or "false lead" by simply splicing in a cover
lead flange over a crack. Although this conceals the crack, it
crea tes an even larger visua l intru sion and provides no

bond to the glass. Today there are three primary options
for repairing broken glass: copper foil (Fig. 16), epoxy
edge-gl uing (Fig. 17), and silicone edge-gluing. These
techniques differ in strength, reversibility, and visual effect,
and the appropriate repair must be selected on a case-by-

Figure 17. A valuable piece offiaslled glass is careflllly edge-glued with
epoxy and a steady I,mld. Plloto: Neal A. Vogel.

case basis by a restorati on specialist.

when a p iece of glass has onl y one or two cracks. Copper

Capper Failing: Copper foil has the longest history and,
unless the glass is unstable, is generall y the best option

foil is a thin tape w hich is applied along each side of the
break, trimmed to a minjmal width on the faces, and
so lde red. A copper w ire can be soldered on where
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additional strength is required. However, copper foil
repairs should not be used on unstable glass, since hea t is

required that can cause further damage. Copper foil
produces a strong repair, is totally reversible and has a negligible aesthetic impact (a Mo" [1.6mm] wide line).

Epoxy Edge-Gluing: This technique produces a nearly
invisible line and is often 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

shattered glass or microscopic cracks caused by intense heat
from a fire. 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 usuall y the most

Rebuilding or releading a window is an expensive and
in vo lved process. The relead ing process requires that a

window be "unbuilt" before it can be "rebuilt. " The glass
pieces must be removed fro m the carnes, the old cemen t
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 carnes should not be replaced casua ll y. Total
releading should only be undertaken when necessary to
avoid or slow the loss of historic fabric (Fig. 18). (It is
essential to request a copy of all window rubbings if the
windows are to be completely releaded.)

expensive.

Silicone Edge-Gluillg: This repair method has the lowest
strength and shou ld be used when a flexible joint is
desirable-if, for instance, the window will be under

""

continuous stress. Silicone repairs are easil y 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 siHcone 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 differently from glass and is, thus, easily detectable.
Silicone is not affected by temperature, humidity or UV
light. Silicone repairs are typically the least expensive
repair option.

Repairs to Strllctural 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 l W' (38mm) out of plane has
reached the point where it should be removed from the
opening to be flattened out. Under these conditions, it is
essential to note if the support system or leading pattern
has failed so it may be corrected before the window is
reinstalled. The window must be allowed to flatten over a
few weeks in a horizontal position. This will minim.ize
stress on the solder joints and glass. A moderate weight
and controlled hea t will help coax the window back into its
original plane. The process requires patience. Once the
window has flattened, the original support system should
be reattached 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. Some-

times small thin braces or "fins" can be manipulated to
follow existing lead lines exactly. These give support, but
are almost invisible. Flattening windows also provid es a

good opportunity to apply new waterproofing to help
prevent further deterioration. Today, synthetic compounds
are used.

Windows should only be removed when they need to be
flattened, 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 periodwhether the opening is covered by plywood, acryliCS, or
polymer film.
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Figure 18. A crnftslll(lII releads a wi"dow. Tile filII hood offers
protectioll from lead fumes. Photo: Neal A. Vogel.
Lead and zinc came, however, is inte nded to be a sacrificial

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 be replaced; came lasts 75 to 200 yea rs depending
on the window's quality, design and environment. A
common preserva tion confl ict arises in re lead ing historic
w ind ows constructed of flat ca me: w hether to retain
historica l accuracy by using new flat ca me, or to use came

with a rounded profile for grea ter strength and durability.
The decision must be carefull y weighed depending on the
significance of the wind ow, the contribution of the came

profile to the overall design, and the severity of the
dete rioration cau sed by a weak flat ca me. In most

windows, the came profile is essentiall y lost in transmitted
light, but occaSionally shadow lines are important and
should be reproduced (Fig. 8). Furthermore, it is imp rtant
to correct technical problems that arise from flim sy original
ca me. Occasionally, a slightl y heftier came may be the best
so luti on to resolve weak panels that have not proven the

test of time. Under these circumstances, the thicker lead
came (even if only YM" [O.4mm]) will cause a leaded panel
to swell slightly, and the frame, perimeter leads, or glass
may ha ve to be trimmed slightly to fit the opening.
(Trimming the glass should be the last resort.) This would
not be an appropriate solution in a museum-quality

restoration or for a highl y Significa nt wi ndow.
Protective Glazing and Screens
The use of protective glazing (also known as seconda ry or
storm glazing) is highl y controversia l. Potential benellts of

protective glazing are that it can shield windows from w ind
pressure; increase energy savings; protect against
environmental pollutants and UV light; provide vandalism
and security protection, and reduce w indow maintenan ce.
Potential drawbacks are that it can promote condensation;

cause hea t to build up in the air space and thereby increase
the w ind ow's expansion/contraction; eliminate natura l
ventilation; reduce access for maintenance; offer only

minimal energy payback for intermittently hea ted build ings
(such as churches and temples), and mar the appearance.
Protective glazing can also be presented as a chea per
alternative to full-scale restoration. And all too often
protective glazing is installed as a rou tine matter when

there is little threat of damage from va ndalism or other
causes. Protective glazing, especially when improperly
installed, may hasten deterioration of stained glass
windows.

plate glass, and tempered glass. The plastic products are
very strong, lightweight, and relatively easy to install, but
tend to scratch, haze, and ye llow over time, despite UV
inhibitors. They also have a hig h coefficient of expa nsion
and contraction, so the frames must be designed to
accommoda te change induced by tem perature fluctuations.
Poor insta llations in restrictive frames cause distorted
reflections fro m bowing panels. Protective panels of g lass

are heavier and more difficult to ins tall, making them more
expensive than p lastic. However, glass w ill not bow,
scratch , or haze and is usually the best option in aesthetic
terms; lam inated g lass pro vid es additional impact
resistance.
A common error in insta lling protective g lazing is to create

a new window configuration (Fig. 20). Insensitive
installations that d isregard the original tracery destroy the
window's aes th e ti cs- and the building's. When protective

Various types of me tal grills or screens are also used. They

glazing is added, it should be ventilated. If a window is
not ve ntilated, heat and condensation may build up in the

add security and vandalism protection but often impair the
appearance of the w indow (inside and out) by crea ting new
shadows or diffusing transm itted light.

ai r space between the ornamental g lass and the protective

As a ge nera l rul e, protective layers should not be added . In

been measured up to twice the outdoor ambient
temperature. This differential affects th e expansion and

most cases the potential drawbacks outweigh the potential

benefits.
Under some circumsta nces, however, protective glazin g or

screens may be necessary. (This app lies to wi ndows.
Domes and ceilings present a special case. See "Domes and

Ceilings" on page 14). A real va ndalism or securi ty threat
warran ts protective glazing, such as w hen the windows can

be reached easily or are in an isolated location (Fig. 19).
Protective glazing is also warranted w hen employed

historica lly on a particular window as original plating
(Tiffany Studios, for example, often used plate glass to keep
dirt and moisture out of their multi-plated windows).
Unusual circumstances (such as w hen the w ind ows are

painted on the outside) may also d icta te the use of
protective glazing. Finally, protective glazing is wa rranted
when a UV filter is needed to prevent epoxy glass repairs
from breaking down.
A variety of protective glazing materials are available.
They include polycarbonates, acryliCS, laminated glass,
Figure 19. Stailled
glass ill mausoleullls
requires protective
glazi1lg sillce
valldalism is
freq llent ill
cemeteries. This
plate glass
illtentionally
softelled the lig/lt
trnllsmitted th rough
ti,e willdow. This
fent ll re s//Ould be
reprodllced ill the
replacemellt glazing.
It //lay be possible to
repair tile plnte glass
al/d illstall allotlier,
strollger (clear) layer
011 the outside.
Photo: Neal A.
Vogel.

glazing. The surface tem perature of unvented glass has

contraction of the support system, particularl y lead ca rnes,
thereby accelerating metal fatigue. Protective glazing may
also cause condensation on the histori c w indow, de pending
on the window's orientation, indoor /o utdoor humidity,
and w hether or not the building is air conditioned.

When absolutely necessary, protective glazing should be
installed in an independent frame between %" (16mm) and
1" (25 mm) from the leaded glass. This a llows the
protective pane l to be removed for periodic maintenance of

both the historic w indow and the new fea ture. The
cond itions of the air space between the two elements

should be monitored on a regu lar basis; the glass should
not feel hot, and condensation should never collect on the
w indow.

No idea l formul as have been developed for venting the air
space between the ornamental glass and the protective
glazing, but it is typically ve nted to the outside (unless the
building is air conditioned most of the yea r). Generall y, a
ga p of several inches is left at the top and bottom when
glass is used, or holes are drilled in the protective glazing at
the top and bottom w hen polycarbonates and acrylics are
used. Small screens or vents should be added to keep out
birds and insects. Finally, it is important to realize that
some original plating of glass softened or tinted the
transmitted light intentionall y, as designed by the original
w ind ow maker; in thi s case any new or replacement plating
should simulate this effect to respect the artisan's intentions

(Fig. 19) .
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Domes and Ceilings
Stained glass domes and ceilings were very popular
throughout the Victorian and Classical Revival periods.
They are often principal interior features of churches, hotels,
restaurants, railway stations, and civic builclings (a). The
loss or unsympathetic alteration of leaded glass ceilings and
domes is a widespread problem. Poorly planned
rehabilitation projects sometimes cause the remova l or

alteration of overhead leaded glass in order to comply with
fire codes or to achieve perceived e nergy savings;
occasionall y, they are even concealed above suspended

ceilings.
Moreover, stained glass in the hori zontal position readily

collects dust and dirt over the years and is relatively
inaccessible for cleaning. It is also more likely to "creep" or
slump w hen the reinforcement is in adequa te . Most

importan tly, leaded glass cannot be sufficiently
weatherproofed in a horizontal (or arched) position. It must
always be protected by skylights or "diffusers"-rooftop
features that diffuse the natural daylight into the attic or
light shaft, and protect the leaded glass ceiling or dome
from the elements (b).
Due to the inferior quality of glazing sealants of the late
19th and earl y 20th centuries, and to deferred maintenance,
glass ceilings have frequently been removed or covered
with roofing materials. Artificial lighting is then required to
backlight the ceiling or dome, which robs the stained glass
of its life-the vibrant effects created by ever-changing
natural light. All types of artificial lighting can be found
from flood lamps to fluorescent tubes. Outside sensors are
even used to modu late the light level in an attempllo

simulate changes in daylight. However, daylight is
impossible to emulate. Moreover, it's free. Artificial lighting

(b). Before repairs began 011 lite vaulted glass cei!;lIg below, (1 1Il.'W
diffusillg skyligllt was installed to,correct recllrrlllg le~ks. ~atacolllbs
(ca. 1920), Cypress Lnnm Memorml Park, Colma, Califomm. Plloto:
Neal A. Vogel.

requires maintenance, introduces an additional fire hazard

in the attic, increases the building's electrical load, and is
supplied only at a cost.
Stained glass ceilings and domes that have been sea led oif
from natural light should be inves tigated for restoration.
Once natural light is restored and the stained glass is
cleaned, the lighting effect on an interior can be

extraordinary. Improved skylight designs and major
adva nces in glazing sealants since World War II
(pa rticularly silicones) encourage the restoration of

skyligh ts without the fear of inheriting a maintenance
nightmare.

(a). Stained glass ceilings
and domes are often
principal illterior featflres
of cJlIlrclles, !lOte/S,
restallra"ts, railway
stations, al/d civic
buildings. TI,is one
jlll/Illil/aies the Cnmegie
Free Library ;n UI/ion,
SOllth Carolina. PllOta:
Jack E. BOllcher, HABS.
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Figure 20. (0) The
all/millUIIl frame grid
IIsed for protective
glazing totally disregards
the origil/al tracery of
this Neo-Gotllie church.
The grid mars the
appearance of fh e
window illside {Illd out.

It also impairs tlte overall
hislor;c dmmeter of lite
buildillg. (b) Protective

glazing ill this illstallce
preseroes both the
nppearallce of the
wil/dow "lid its
contribution to the
bll i/dillg. The latter

bllildillg is fhe Cnt/wdra/

Basilica of the
A S5 W1Iptioli (51. Mary's

Cathedral), COVillgtOIl,
Kelltucky 0895-1910).
ThewilldolV, 67' x 24'
(20.4m x 7.3m), is

among tile largest stained
glass wil/dows ill the
U"ited Stafes. Photos:

Neol A. Vogel.

-Conclusion
Most of the Nation's stained glass and leaded g lass has
recentl y passed, or is quickly approaching, its lOOth
anniversary-yet much of this glass has not been cleaned or
repaired since the day it was installed. With proper care,
these important historic features can easily last another
hundred years.
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Policy Fn:uneworlc

Policy Framework
Managers whose decisions affect buildings under Crown ownership
must be aware of and implement the Federal Heritage Buildings policy.

PROTECTING HERITAGE
CHARACTER

1. It is the policy of the Government of Canada to protect the
heritage character of Crown-owned buildings. This policy Is
governed by the procedures described In Chapter 1-9 of the
Real Property volume of the Treasury Board Manual.

The Real Property volume of the Treasury Board Manual encompasses the
nine major mandates currently embraced by Treasury Board in managing
government-owned properties. These include achieving market return
on disposal, highest and best use, ensuring universal access, meeting
environmental standards, ensuring respect for heritage character, ensuring
adequacy of accommodation and other factors pertinent to sound property
management.

PROPERTY MANAGEMENT
MANDATE

2. The policy protects heritage character by placing it on the same
level as other signHicant property management considerations.

All of Treasury Board's real property management mandates are viewed
as equal; no one has priority over another. Where conflicts occur, managers
are expected to promote compromises which seek to meet all competing
objectives to the greatest degree possible, rather than to give one or more
priority over others.
The minimum intervention approach offers a useful means of formulating
objectives where mandates appear incompatible. This approach suggests
that managers seek to meet functional goals by identifying those options
which will meet such goals with least negative impact on heritage
character.
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Gannet Rock Light Tower, Bay of Fundy, New Brunswick
(Transport Canada, CCG,

Inlervenlion Guidelines

Intervention Guidelines
The guidelines which follow have been grouped according to the
functional and performance goals commonly addressed by managers.
Each section deals with the relationship between functional goals and
heritage character.
Measures undertaken to meet functional goals constitute interventions
when they may affect heritage character.
Achieving functional goals is important to the preservation of heritage
values, and may provide the means to enhance heritage character.
However, where the negative impact on heritage character is
unacceptably high, consideration must be given to altering or
downgrading functional goals.

In each of the following sections, managers are asked to explore how to meet
functional/performance goals with the least impact on heritage character. The
general questions presented below are meant to assist managers to choose the
best means to balance these goals, and to become familiar with the analysis
carried out by FHBRO during intervention review. They can be applied in
each area of the intervention guidelines.

Code of Practice: Follow-up questions

a) Are changes proposed to the building to meet performance standards or
user requirements better? Have these requirements been clearly defined?
b) Could these changes have an impact on the heritage character of the
building? Negative impact? Positive impact? Is this impact acceptable?
c) If changes appear to have an adverse impact on heritage character, have
alternative means to meet the defined requirements been explored?
d) If changes appear to have an unacceptably high impact on heritage
character, has consideration been given to the suitability of the project
for the particular heritage building? Has consideration been given to
meeting needs in another building?
e) If changes will have an adverse impact on the heritage character and
all alternatives have been explored, have measures to mitigate the loss
been put in place?
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1 - Maintenance and Repair:
Maintenance is essentially the provision of continuous care, in
order to preserve heritage character effectively. Maintenance activity
may include routine and periodic inspection, cleaning, repair and
refinishing operations, designed to keep the existing form and
substance of buildings.
Maintenance measures constitute interventions when these may
affect heritage character.
Inadequate or deferred maintenance, or neglect, constitute
intervention if heritage character is thereby damaged or threatened.

1.1 Maintenance programs require building-specific planning, and
should incorporate schedules, procedures and remedies linked
to the building's specific characteristics and needs.

MAINTENANCE
PROGRAMS

It is important to recognize that the FHBRO policy is not designed simply
for capital (that is, large, or major) interventions. If changing hardware
or light fixtures, or repointing would have an impact on heritage character
then these are to be regarded as interventions, and the FHBRO process is
to be applied.
FHBRO recognizes however, that the time required for intervention
review of minor items may appear disproportionate to their intrinsic worth.
An appropriate strategy to deal with maintenance issues would be the
submission of building maintenance plans (manuals and programmes) for
review, approval of which would sanction a wide range of actions which
might affect heritage character over a defined period of time.

1.2 All maintenance measures carry the risk of adverse impact
on heritage character. Every effort should be made to reduce
this risk through adequate prior testing of measures
proposed. All maintenance measures should be non-abrasive,
non-destructive and environmentally benign.

REDUCING RISK

One of the most important maintenance measures is cleaning. All cleaning
measures carry some risk. Chemical treatments may be difficult to manage;
air abrasive methods may injure masonry surfaces if pressures are not
carefully controlled; water spray may saturate wall assemblies. The keys
to successful cleaning involve:

FHBRO Code of Practice
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•

clear definition of the desired state of cleanliness;

•

adequate testing, in situ, of all proposed methods; and

•

choice of the method which meets cleanliness goals, respects budget
and regulatory conditions, and offers least harm to surfaces.

Attention should also be directed to the qUality of site supervision,
establishment of reference areas to guide supervision, likelihood
of operator fatigue (and measures to balance same) and handling
and disposal of toxic products.

RETENTION PREFERABLE
TO REPLACEMENT

1.3 Repair or consolidation measures which retain original material
are always preferable to those intended to replace It.

Trade skills developed in new construction are naturally most usefully
applied to replacement rather than to repair. Yet respect for heritage
buildings and the minimum intervention approach suggest a preference
for repair over replacement when working on heritage properties. This
difficulty can be overcome in part by clearly defming repair needs and
procedures and identifying appropriate skills in maintenance manuals or
tender documents. Many of the required repair techniques are spelled out
in available conservation literature. Once established, they can be easily
cost competitive with replacement work.

REPLACEMENT
AS LAST OPTION

1.4 Replacement should occur only where the major part of an
element is decayed beyond repair.

Replacement of elements decayed beyond repair may be appropriate if
such would contribute to protecting heritage character, and if supported
by historical evidence adequate to determine the form and substance of
missing elements.

APPROPRIATE REPAIR

1.5 Repair measures should retain original material and detailing
to the greatest extent possible, except where these cause
.
deterioration of other elements.

The tendency to improve on historic detailing can be counter-productive
when working with heritage materials. Repair techniques should return
structural adequacy to materials and components, and slow down the rate
of decay. Ongoing weathering is usually inevitable and should be accepted.
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1.6 New materials introduced in repair work to strengthen or
consolidate should only be used on the basis of successful
field experiences in similar conditions. In all circumstances,
new materials should offer the least possible risk to the historic
structure, and be reversible to the greatest degree possible.

PROVEN MEASURES

When new compounds or repair materials, such as masonry or wood
consolidants are introduced, qualified professional conservators should be
involved to analyze the condition of existing materials, propose solutions,
and monitor their implementation. Many of the highly promoted techniques
recently introduced to protect materials from decay, using new materials
such as vinyls, silicones, epoxies and various metal alloys are not field
proven and may indeed accele.rate decay.

1.7 Replacement measures require, to the greatest extent possible,
the use of like materials and detailing, except where these
cause deterioration of other elements, or where these are
inadequate to meet prescribed performance standards
(e.g., fire and life safety, structural stability, energy use).

APPROPRIATE
REPLACEMENT

Where replacement is justified, needs may be met by replacement in kind,
or restoration to an earlier appearance. This decision should be made in the
context of the overall project needs, impact on heritage character and on the
basis of historical evidence.
For replacement in kind of entire building components (e.g., a cornice or
a set of windows), an example of the original should always be retained
where possible and integrated into the new work. Choice of the best
preserved unit provides a control item for the replacement work, and
serves as an important piece of evidence for future conservators.
In cases of demonstrated structural weakness, replacement in kind may be
an inadequate response to needs; choice of appropriate intervention will
require looking at the behaviour of the entire structural system (that is,
for example, all floor joists, not just the one being replaced) and involve
analysis of a range of options including partial reinforcement of the
''in-kind'' replacement member.

1.8 The substitution of maintenance-free materials such as
aluminum, fibreglass or vinyl for original materials is not
recommended. These materials reduce heritage character
and may alter the desirable characteristics of building
envelopes or systems.

"MAINTENANCE-FREE"
MATERIALS

The advertising use of the term "maintenance free" is misleading since
all materials decay in normal environmental conditions. As well, the
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introduction of new materials and associated detailing will often alter
the environmental equilibrium of the building envelope. The unexpected
build-up of humidity from choice of inappropriate sealants, for example,
is a common problem which is often not visible until serious damage has
occurred
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6 - Energy Management:
Improvements to the energy performance of heritage buildings are
important to their sustainability and community benefit, and offer
opportunities to enhance a building's functional utility and heritage
character.

RESPECTING HERITAGE
CHARACTER

6.1 Appropriate approaches to energy management for heritage
buildings involve the provision of new building systems, or
those modifications to the building envelope which offer the
least harm to heritage character.
There are a number of ways to deal with energy management in buildings.
Physical changes may be made to the building envelope. by adding vapour
barriers. insulation and new finishes. or upgrading the performance
of windows or other openings. Building heating. ventilating and air
conditioning systems and other building services may be introduced
or modified. Equally. the energy requirements of existing or potential
occupancies may be modified. All of these options should be considered
when improving energy management in heritage buildings. Those cost
effective measures which offer least damage to heritage character should
be given priority.

ENERGY ANALYSIS

6.2 Analysis of energy management needs should consider
the original design intentions and important subsequent
modifications as well as current conditions. Proposed solutions
should consider changes to patterns of use and occupancy as
well as the upgrading of energy systems.
Concerns for improved energy management have inspired excellent
modelling systems for building behaviour. and a variety of sophisticated
control systems. It is important that analysis involve professionals familiar
with the energy perfonnance characteristics of traditional building
assemblies, such as the contribution of massive masonry wal1s to
thennal comfort.
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6.3 In general, priority for energy upgrades should be given to
measures which provide the most Improvement with the least
physical intrusion.

MINIMUM INTERVENTION

It is usually possible to estimate the proportion of heat loss reduction which

may be affected through improvements in various building parts (roof,
walls, windows, etc.). It is important to not just measure which proposals
are most cost effective in reducing energy demands, but to determine also
those that have least impact on heritage character.

6.4 Energy retrofitting measures which would irreparably damage
heritage character should be reconsidered, and alternative
measures explored, or use demands reduced.

INAPPROPRIATE MEASURES

If measures to improve energy management become costly or disruptive,
the advantages claimed may become counter-productive. Heritage
buildings represent enormous reservoirs of expended energy, and their
sensitive rehabilitation is itself an energy conservation measure.

FHBRO Code ofPTtlCtice
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7 • Human Comfort:
Inlervention may be required to increase comfort levels, operational
efficiency and environmental conditions within heritage buildings.
Associated measures could include new heating, ventilating and
air conditioning (HVAC) systems, new power/voice/data cabling
systems, new lighting systems and fixtures, and other new fittings
and furnishings. These goals offer important means to increase the
usability of historic buildings and may be attained without severe
impact on heritage character.

USING BUILDING
OPPORTUNITIES

7.1 New or improved HVAC systems should utilize existing building
cavities. If new chases and bulkheads are required, these
should be placed so as to have minimum impact on important
existing finishes, decorative features, and room proportions.
It is essential that mechanical engineers expert in working with historic
structures be involved early in the design process to determine mechanical
system requirements and to work within constraints imposed on new
building systems by respect for heritage character. Too often mechanical
systems are designed in isolation, and are based almost entirely on practices
developed for new construction.
Lowered ceilings which obscure important features are not acceptable;
solutions should be tailored to specific building characteristics and
opportunities, including the use of vertical distribution systems, partial
bulkheads, induction units with low profile, high velocity ducts, and
distributed mechanical rooms with independent duct systems to reduce
duct sizes and provide flexibility of installation and operation.
Exposed mechanical systems may be acceptable, particularly in buildings
of industrial character.
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7.2 Increasing building humidity levels for the benefit of contents
or museum collections should not be encouraged at the
expense of the building Itself. Where Increased humidification
offers significant benefits to a collection, efforts should be
made to limit Its achievement to specific zones, to provide
effective vapour barriers and to ensure ongoing monitoring
of harmful effects.

HUMIDITY LEVELS

Many heritage buildings function as museums or related occupancies
requiring high levels of humidity and temperature control. Significant
damage to structures has often resulted from such installations.
Where possible, areas requiring high humidity should be limited to those
parts of the building without valuable finishes or decorative features. so
that vapour barriers may be installed. Short- or medium-term solutions can
involve installation of temporary, reversible self-contained spaces within
larger spaces.

7.3 Historic window units should be retained and upgraded rather
than replaced. The need for improved thermal performance is
best met with Interior or exterior storm windows rather than
new sealed double or triple units.

PREFERENCE FOR
RETAINING WINDOWS
OVER REPLACEMENT

Frequently. historic windows which have deteriorated only slightly over
a hundred years are being replaced with modem units which have life
expectancies of twenty or thirty years. Such substitutions make no sense
from a life-cycle costing point of view. and the impact on heritage character
is often substantial.
Traditional windows were often made from close. straight grained wood
of a quality no longer available. Single glazing avoided current problems
associated with the failure of sealed units. The use of divided light sash
ensured traditional windows played a significant aesthetic role.
Heritage character is best protected by the repair and upgrading of original
or early window units. Sash may have to be removed from the buildings, in
order to be repaired, refinished and the glazing reset New weatherstripping
can be applied to the sash or the frame. Frame units can be repaired in
place. Existing storms can be refurbished or new exterior storms designed
to provide better performance.
When replacement is required, new units should match the material,
profile, and detail of the original. This approach maintains heritage
character and maintains compatibility with surviving examples of
original sash.
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English Heritage works with the public, private and voluntary sectors to
ensure the preservation and enhancement of the historic built environment.
It promotes understanding and enjoyment of ancient monuments, historic
buildings and conservation areas.
• Set up in 1984 under the formal title of the Historic
Buildings and Monuments Commission for England, the
organisation has 1200 staffand a budget of £100 million per
year. It manages 400 historic sites on behalf of the nation
including Stonehenge and many famous ruined castles and
abbeys .
• English Heritage advises government, local planning
authorities and the public on building conservation standards
and practice. It provides grants worth £40 million per annum
to record, repair and restore archeological sites, monuments,
buildings and conservation areas. It also campaigns for
buildings at risk from redundancy, neglect and decay or which
are threatened by unsympathetic treatment.

Framing Opinions © English Heritage
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FRAMING OPINIONS
A NATIONAL CAMPAIGN TO PROTECT OUR LEGACY OF 1RADmONAL
WINDOWS AND DOORS
The country's 8,000 Conservation Areas are under attack. Cherished local streetscapes rely
on old doors and windows for much of their architectural impact and historic character; yet
such subtle features are being lost and old buildings degraded by the substitution of
standardised, mass-produced elements. The result is all to often a visual catastrophe.

*

Framing Opinions is not a plea for a return to a pre-industrial heritage of yesteryear.
The form of traditional windows and doors has been determined as much by craft
ingenuity as by changes in taste and fashion.

*

However, distrupting the patterns and rhythyms of old homes with unsuitable
alterations can ruin the visual harmony of a whole street. Replacing old windows with
unsympathetic plastic, metal or wooden products or substituing crude and ahistorical
'slipped fanlight' products for original front doors, not only dilutes the historic
character of the building, but may also reduce the financial value of what is no longer
a truly 'period' home.

DETAILS PRESERVED
The design and detailing of traditional windows and doors is a product of the craftsmanship,
manufacturing ingenuity and social changes of past ages. Glazing bar patterns, such as the
familiar eight-over-eight and six-over-six pane arrangements, say much not only about
contemporary fashion but also about the home's social hierarchy, the way houses were taxed,
and also about how the latest craft advances were incorporated into the home. Doors too,
provide fascinating clues to the past. Letter boxes, for example, were only inserted after the
introduction of prepaid postage stamps and regular door-to-door deliveries in 1840.

SUPPLY AND DEMAND
Home improvements are big business. Last year house owners spent £1.3 billion through
the 6,000 suppliers and over 1,000 home improvement stores on repairs, alterations and
redecoration. Nearly half a million doors were replaced nationwide. And one quarter of those
about to modernise their homes intend to install double glazing as a third priority, after
works to kitchens and bathrooms. Home owners want convenient, draught-proofed and wellinsulated dwellings. And they hope to increase their home's value by investing in
improvements. But are they well served with independent advice in the marketplace? And
is there a proper balance of information available to help them decide on products or
services? Mailshot and door-to-door sales offer what appear to be enticing financial
incentives to 'modernise' an old home. But with what financial returns, and at what cost to
the neighbourhood?
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CHALLENGING PERCEPTIONS
Public and professionals often take the view that old windows and doors are expensive to
maintain, are beyond repair or cannot be improved. But signs of ageing in old components
are not necessarily symptoms of irreversible decay. In many cases simple repairs can be
made, at relatively low cost, to extend the life of the window or door. The following should
be taken into account:-

*

Local surgery is usually a far better bet than costly wholesale replacement. Even old
glass can now be saved, using a clever, infra-red heating device which softens rockhard putty and enables window glass to be salvaged for re-use.

*

Where draught proofing, thermal and noise insulation or accessibility for cleaning are
needed then weather stripping, secondary glazing and the fitting of 'simplex' window
ironmongery (which allows traditional sashes to swing inwards) provide cost-effective
and benign alternatives to complete replacement.

*

Where no evidence remains of the original form of the door or window, invaluable
reference museums such as The Brooking Collection in Dartford and English
Heritage's own Architectural Study Collection can help to find the right pattern.

FAITHFUL REPRODUCTION
Replacement doors and windows should match the originals in terms of proportion and
profile. Yet in so many cases existing replacement products which claim to match historic
designs patently do not do so. Exact reproduction is possible, and many firms of builders,
joiners or restorers can provide a bespoke service. Alternatively, many traditional designs
are still available as mass-produced items. At the same time, several companies are
developing ways to replicate traditional detailing whilst catering for the public demand for
double glazing.
CONSUMER BELIEFS
Historic windows and doors can be simply and economically repaired. They can be easily
cleaned through the addition of clever but cheap ironmongery. And noise and heat insulation
can be achieved by draughtproofing and secondary glazing -highly cost-effective solutions
which allow for the retention of the original opening. Thus the widely-held beliefs that only
double glazing is easy to clean, simple to maintain and can retain heat and keep out noise,
are wrong. Equally misguided is the belief that the installation of replacement features can
significantly add to the property's value. Estate agents suggest that using poor facsimiles of
historic features can actually reduce the value of the house. At the same time, repairing
existing windows saves trees - and decent replicas in painted timber, of farmed softwood,
do not affect the safety of tropical jungles. In contrast, substitute materials are made from
non-renewable natural resources, while their production consumes fossil fuels that directly
contributes to acid rainfall and global warming.
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REPLACEMENT PROBLEMS
Properly maintained, old timber windows and doors can enjoy extremely long lives. It is
rare to find that all the windows and doors in an old building require new parts, many
historic components continue to give service after 150, 200 or even 250 years. The design
standards of modern replacement features in historic buildings are generally disappointing.
Plastic and metal systems, as well as standardised timber sections, have so far failed to match
the detailing of traditional windows and doors. While some of the trade names used in
marketing these products have historic associations, they are often merely crude parodies of
authentic features. False' glazing bars' which are merely thin strips of plastic inserted within
the glass sandwich of a double glazed unit look nothing like the real thing and pay no more
than lip service to traditional design. At the same time, the necessarily thick rails of such
windows are at best crude approximations of real sash components.

PLANNING PROBLEMS
Planning controls are designed to protect the built environment for the benefit of its residents
and users, promoting a responsible approach to old buildings while at the same time
accommodating private and commercial interests. In the case of listed buildings, consent for
alterations is normally refused where modem detailing of substitute products fails to match
the original. Yet the 750, 000 unlisted dwellings in Conserrvation Areas do not yet have this
protection. In these area the direct result of lack of direction for example can be visually,
structurally and financially disasterous. Consumers, specifiers and contractors deserve better
quality information on conservation practice. A balance of education and restriction is often
the best approach.

COSTS IN USE
It is nearly always feasible to retain and repair existing windows and doors, and thus to

extend their working lives. Rehabilitation and regular maintenance are more cost-effective
in the long run than wholesale replacement by timber or metal examples or by cheaper,
plastic alternatives. If timber windows are in a reasonable condition, a basic overhaul,
together with draughtproofing or secondary glazing, will provide better value than the
installation of new double glazing.
Cost in use: Repair verus Replacement
Existing housing refurbishment with 30 year mortgage period (annual interest rate of 10% and 30 windows)

Initial cost
Replacement cost
Cyclical repair costs
Cyclical redecoration costs:
external
internal

Wood
existing so ftwood
sash windows 1760 x 1060
(1st quarter'93)

PVC-u
replacement sash
windows 1760 x 1060
(1st quarter'93)

£

£

8,190 repair

13,080 instalation
1,203
782

nil
2,198
2,454
794
13.636

nil
nil
15.065
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FRAMING OPINIONS - THE WAY AHEAD

The past's architectural legacy is an irreplaceable and increasingly scarce resource. Although
historical buildings represent less than 6% of the country's total building stock, they are vital
in defining both national and local character.

*

Framing Opinions advocates the continued use of local crafts and traditional
materials, yet at the same time promotes modem design that will soften the visual
impact of modem materials.

*

English Heritage invites the public, local authorities and industry to involve
themselves in the campaign's mission, and to make their own special contribution
towards a better appreciation of our historic buildings.

Framing Opinions,
English Heritage, Keysign House, 429 Oxford Street, London WIR 211D,
Telephone: 071 973 3666.

English Heritage works with the public, private and voluntary sectors to ensure the
preservation and enhancement of the historic built environment. It promotes understanding
and enjoyment of ancient monuments, historic buildings and conservation areas.

*

Set up in 1984 under the formal title of the Historic Buildings and Monuments
Commission for England, the Organisation has 1200 staff and a budget of £100
million per year. It manages 400 historic sites on behalf of the natiot\~ including
Stonehenge and many famous ruined castles and abbeys.

*

English Heritage advises government, local planning authorities and the public on
building conservation standards and practice. It provides grants worth £40 million
per annum to record, repair and restore archeological sites, monuments, buildings and
conservation areas. It also campaigns for buildings at risk from redundancy, neglect
and decay or which are threatened by unsympathetic treatment.

Window comparisons
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ENGLISH H ER IT AGE
Wood
Traditiona l timber sliding sash
windows co me in m any shapes and
sizes. They were usuall y hand-made
to fit the building for which [hey
were designed and th eir main
characteri stics in co mm on arc:
their CO lIst rll Cl ioll alld derailing: a
heavy frame, with boxes at th e
sides to take the counterbal ance
we ights, constru cted to form (wo
(or m ore) tracks in which the
sashes slide up a nd down

their vertical orientation, in terms
of both the window as a whole
and (in m os t cases) the individual
panes
Modern sash windows, or windows
designed to imitate th em, can be
divided into a number of categories.
Individuall y-made timber sash
windows, which ca n be made to any
pattern, size, and specification, are
produ ced for specialist inarkets
where the context and quality
demand trad itional fo rm s and
detai li ng.
Facmry-made, but high-qu ality
timber sliding sash windows are
mad e to a limited ra nge of patterns,
sizes, and specification, and are
produced for specialist markets
where the use of sta ndard windows
with so me variation from stri ctly
traditional deta iling is acceptabl e,
but where a reaso nab ly close
approximation m th e appearance of
a tradi tional window is still
required. To maintain co mpetitive
pricing while meeting m odern
standards for new work, th e
detailing of these products differs
from traditional windows. The two
main reaso ns for this are
comm ercial pressures (s randard
sizes of timber, m achin e cutting and
hand li ng, machine-made jointing)
and regulatory requ irem ents and
enhanced standards (i ncorporating
features such as double glazing,
draughtproofing, and trickle vents) .

Inappropriale replacelllem in a lale Georgiall so·eel.· before (left) and after (righl)

Facmry- made economy ranges of
timber slid ing sash windows are
made m a limited range of patterns,
sizes, and specification, and
produced fo r mass ma rke ts whe re
th e use of standa rd-con figu ration
windows is acceptab le. The general
pattern of these wind ows is similar
to that of traditional products, but
th ey do d iffer considerably in their
detai li ng.

pvc-u
The individual components are
fac tory-made, but the windows

FRAMING OPINIONS
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themselves are made by specialists m
any size (within minimum and
maximum limits) and in a wide
range of patterns. They are
manufactured in th e U K largely for
the replacement-window m arket and
their general shape ca n be similar to
that of traditional form s, but their
detailing is completely different.
Aluminium
These wi nd ows are facto ry-made to
any size (w ithin m inimum and
maximum limits) and in a wide
range of designs. Produced in this
count ry largely for the replacem cntwindow market, alum inium
windows are similar in the ir general
pattern to tradi tional wi ndows, but
they d iffer completely in their
detailing.
M.odern facsimiles can offer
better insulation, security, and
safety th an traditiona l windows.
H owever, it is now possible to
upgrade existing windows and to
incorporate enhancements into
traditi onally designed and
constr ucted new windows to give
improved, comparable performance
in these areas.
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Cost comparison: repair or
replacement
The following cost comparisons
were carried out in late 1993 using
a timber-framed, seventeenthcentury house (above) that had
been refronted in the mid
eighteenth century. All sixteen sash
windows in the house needed
refurbishment or repair.

Repairs
Window overhauling involved:

• cleaning of pulleys (or
replacement with a traditional
pattern where the existing pulleys
could not be made to work
efficiently)
• cleaning of meeting rail catches
(or replacement with a traditional
brass quadrant pattern where the
existing catches could not be
made to operate efficiently)

• repairs to rotten timber members
by splicing in replacement timber
and filling with a two-part,
epoxy-resin filler

Draughtproofing was also installed
and the windows were redecorated
with oil gloss paint. The total cost
of this work was £4620. Various
features could have been added
during the overhaul, including:

• adjustment of weights and
replacement of sash cords

• key-operated shoot bolt meeting
rail locks or dual-screw security

fasteners, at an additional cost of
£240 (overall total: £4860)
• a simplex-based, swing-sash
system to allow easy cleaning, at
an additional cost of £1040
(overall total: £5660)
• secondary glazing, at an additional
cost of £2001 (overall total: £6621)

Replacement windows
Several manufacturers were invited to
submit quotations for supplying and
fixing replacement windows. The
quotations received were as follows:
• individually made timber
windows from a local joiner:
£7180
• individually made timber
windows from a specialist
national joinery firm: £ 17,457

pvc-u and traditional timber sash windows compared

• PVC-U windows from two
suppliers: £8065 and £6818
• aluminium windows: £6512
Specifications for the work
described above can be obtained
from English Heritage, Room 528,
Keysign House, 429 Oxford Street,
London WI R 2HD.

Different PVC-U frames

Traditional timber frame
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Late eighteenth-century window
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Early nineteenth-century window,
NortlJich Road, Ipswich
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Late eighteenth-century window,
GrovelantIs House, London
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Early eighteenth-century window,
The Mount, Guildford
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Early nineteenth-century window
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Late nineteenth-century window,
Moyne Park, Galway
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Late nineteenth-century window,
Banstead Hospital Chapel
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Early twentieth-century window,
Rusholme Road, Putney

Early twentieth-century window,
Normansal School, Surrey
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1993 Mumford and WOod
double hung sash window

D

:
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1993 Boulton and Paul
'Regency' top hung casement

EEE
1993 W H Smith & Sons
(Extrusions) Ltd
PVC-U vertically sliding window

Produced by English Heritage
23 Savile Row, London W1X lAB
071 9733000

October 1994

1993 'Clearview' Windows Ltd
aluminium double hung sash window

Draughtproofing and secondary glazing
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ENGLISH H ER ITAGE
Insulating the home
Effective home insulation is now
a major priority for most

householders, both for comfort and
economy and to limit the waste of
natural resources. Yct while new
homes are built to high levels of
energy efficiency under modem
Building Regulations, many people
live in homes that predate these
requirements, when heating and
insulation were considerably less
sophisticated.
Thermal insulation is
undoubtedly a key problem for
home owners. However, only about
20% of a home's space heating is
lost through windows, and most of
that escapes through the air gaps
around the window frames, not
through the single glass panes
themselves. The other 80% is lost
through unlagged roofs and
uninsulated floors and walls.
Houses with ventilated and
suspended timber floors and open
chimneys, for example, lose much
more heat and admit far stronger
draughts than those with even th e
poorest-fitting windows and doors.
Investment in solutions to these
problems (such as roof insulation)
is repaid more quickly than most
othe r forms of energy saving.
Installing double-glazed windows,
therefore, does not fu lly address the
problem of heat loss.
Double glazing
Installating double-glazed windows
has been one of the most
fashionable home improvements
over the past 15 years . Banks,
building societies, and window
installers' loan companies offer a
variety of enticing financial deals,
and aggressive marketing has helped
to persuade many people to
abandon traditional windows and
doors for inappropriate substitutes.
The installation of double glazing
in old dwellings is rarely economical
unless the existing window frames
are so badly damaged or rotten that

Upgraded sash windows filled wilh drauglllproofillg il1 a Souch London terrace

replacement is essential.
(Installation of double glazing
requires the removal of the entire
window frame, and possibly the
demolition of the window arch as
wel l. ) Although double glazing ca n
certainly reduce heat loss, th e
reduction is often not significant.
The Buildings Research
Establishm ent re commends that the
twO sheets of glazing should be at
least 20mm apart LO be thermally
efficient: such a distance is rarely
achievable within the co ntext of old

FRAMING OPINIONS
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glazing bars with short rebates. At
the same time, it may take many
years for energy savings to cover the
cost of installing doubl e glazing.
Recent (1993) studies by English
Heritage suggest a payback period
of at least 60 years, yet houses
change hands in the United
Kingdom about every seven to ten
years. Moreover, the resale value
of a property does not often reflect
the investment made in
replacement windows, especially
where the designs are ugly or
unsuitable.
Many house owners may have
been convinced that their old
timber windows are rotten,
draughty, and beyond renovation.
In most cases involving pre-1939
homes there is in fact little evidence
of who lesale deterioration. Some
horizontal sash members may need
painting) and p erhaps, on the
windward side of the property, the
rails and sills will be bleached)
friable and partially rotten. Minor
repairs will often ensure that such
windows are healthy and
serviceable.

Draughtproofing
One of the best and least intrusive
ways of achieving improved
performance from windows in old
buildings is by install ing
draughtproofing. This will
considerably reduce heating bills
and energy usc, especially if
combined with other modest
measures. It will also help to reduce
noise and dust ingress. Most
importantly, draughtproofing does
not damage the visual aesthetics of
an old building.
Several forms of draughtproofing
arc available, each of which operates
differently. Some types simply act as
a gap filler, and are applied as a
mastic or foam in the same way as
bathroom sealant. Other forms keep
the weather out by a snug, slightly
oversized fitting, comprising silicone
rubber tubes, polypropylene and
nylon-finned pile brushes, or
rubber, polyester, or sprung-metal Z
and V fins .
A good draughts trip should not
only insulate, but should also be
durable and of an acceptable
appearance. Cheap DIY products
have a lifetime of perhaps 10 years,
but better-quality products will last
for at least 20 years.
If draughtproofing is installed,
window and door maintenance
needs little refinement. The
effectiveness of some products is
limited by overpainting; repeated
coating of brush-type draught Strips,
for example, will make them

2

3

•

8

9

10

1 Plastic or spnmg mewl (V' or (Z' slrip 2 Glued or pinlled silicone mbber cubing
J Par/ing bead (Velllrol/a) 4 Par/ing bead weathersrnp (M(c;hcon)
5 BOllom sash/sill bmsh (Ve11lrolla) 6 Meeling rail brush (Vemrolla) 7 Brush
for meeting rails (Draftsea!) 8 Standard weatherstrip (Mighcon) 9 S taff bead or
button rod (Ve1llrolla) 10 Silicone seal (Draflseal)

Reversible upgrading: inserting a brnsh
weatherstrip imo the meeling rail of a
sash frame

inflexible. Note, too, that alkyd
paints will nO[ stick easily to rubber
draughtproofing, and that some
solvent paint removers attack
plastic.
In homes of the past 300 years,
venically sliding sash windows have
remained the most common type of
opening, and their sophisticated
working mechanisms often appear
diffic ult to draughtproof. However,
a number of companies offer a
nationwide repair and upgrading
service for these windows, using a
variety of weatherstripping ideas.
One system replaces the existing
staff and parting beads with modem

equivalents that incorporate brush
seals of woven polypropylene pile.
Others rout out slots in the sides of
the frames and the meeting rails to
receive push-fit, flexible Z or V
strips or variously shaped bru shes,
which are usually concealed when
the window is closed .
A different system is used for
steel and timber casements. The
window is first overhauled, to
ensure that hinges and catches
operate easily and that the casement
is hung well. Then the opening
edge of the casement is temporarily
coated with a non-stick lacquer or
releasing-agent gel, and silicone

Windows: comparison of total costs over 50 years
Aluminium
£

PVCu
£

Softwood
£

Hardwood
£

Installation( 1oom')

16000

21000

19000

18000

Occupancy costs

37750

43750

38550

27750

Total cost in use
(excluding replacement)

53750

64750

57550

45750

35 years

40 years

50 years

40 years

Replacement cost per
year of life expectancy
over 50-year period

22850

26250

19000

22500

Total of cost-in-use
and replacement cost

76600

91000

78550

68500

Life expectancy

• Building: Doors and Windows Supplement 30 April 1993

Repair versus replacement
Windows: comparison of total costs: over 30 years, 30 window units
Existing softwood
sash windows 1760 x 1060

[}]

~

[TI

£

£

£

£

£

0

CD
£

Replacement PVCu
sash windows 1760 x 1060

0

Initial repairsl
Installation costs

0

2000

3500

8190

13080

26000

Occupancy costs

12700

12700

12700

12700

9340

9340

Cost-in-use totals:

12700

14700

16200

20900

22420

35340

Existing softwood sash windows (1760 x 106Omm) 1 Occupancy/cyc&al maintenance
costs only, assuming sound amdition 2 Draughtproofing plus occupancylcyc&al maintenance costs,
assuming sound condition 3 Overhauling, minor repairs, and draughtproofing, plus
occupancy/cyclical maintenance costs 4 Overhauling, major repairs, and draughtproofing plus
occupancy/cyclical maintenance costs.
Replacement PVC-U sash windows (1760 x 106Omm) 5 Assessed liktJy rep/a«ment costs
based on industry data, plus occupancylcydical maintenance costs 6 Reconcikd data derived from a
particular case study (indicating tluu the assessed costs in column 5 may reflect the position at the
lower end of the market and that installation costs could be much higher).

foam rubber sealant is injected into
the gap between the closed window
and the frame. The sealant quickly
solidifies, filling the air gap and
sticking to the non-treated frame
sides, but not to the lacquered
casement edge.
Professionals can both overhaul
and weatherstrip windows at the
same time, giving good value for
money. The financial investment is
quickly compensated for in terms of
energy savings, thermal comfort,
and noise and dust exclusion.
However, for those who like the
challenge of doing their own home
improvements, a few companies
supply gaskets, seals, and pile
brushes directly to the public.
Energy auditing
The government is currently
endorsing commercial home energy
surveys that give owners an energy
efficiency rating for their homes. An
energy surveyor or auditor will visit
your property to assess its energy
losses and gains according to set
formulae. The average fee is under
£ 100. Your home is then ranked on
a scale of 0 to 10, and an estimate is
provided of the likely level of
COl emissions, and
of the annual
energy bill.

Comparative costs of domestic energy saving measures
Action

DIY!
contractor

Approx inst.
cost (£)

Average annual
savings (£)

Approxcost
recovery (yrs)

DIY
cont

120-150
220-250

70
70

1-3
3-4

cont

250-350

50

5-7

Cavity wall installation

cont

350-450

70

5-7

Solid wall installation

DIY
cont

150-300
1500·3000

70
70

2-5
20-40

Draughtproofing

DIY
conI

50
150-750

30
30

1-2
5 - 25

Secondary double glazing

DIY
cont

150-300
1000-1500

30
30

5 -10
30- 50

Double glazing

cont

2500-6000

40

60 ·100+

Loft installation
HWinst. control measures:
- thermostatic valves
- programmer
- cylinder thermostat
- cylinder jacket

~

1

Secondary glazing fitted to a Georgian
sash window

Useful addresses

Technical data
The Building Research Escablishmem
GarSlOll

l17aiford I17D2 7JR
0923664444
The Energy Efficiency Office
Department of the Env iromnelll
2 Marsham Screet

LOlldoll SI171 P 3EB
0712383000

Energy audits
MVM Starpoim

16 Park Place
ChllOn
Briscol BS8 IJP
0272 253769
The National ElIergy FoulIdation
Rock illgham Dn·ve

Linford Wood
MillOlI Keynes MK 14 6EG
0908672787

Trade associations

Modern wood replacements for traditional sash windows can
inappropn·ale as plastic or alumi11ium substitutes

Advice is then offered on the most
cost-effective ways to improve your
home.
For a free infonnation pack
detailing this energy auditing service
call 0345 247347.
Secondary glazing
In many cases secondary glazing is a
cheap, feasible, and far more
sympathetic alternative to the
installation of sealed double-glazed
units. It too solves the problems of
heat escaping and draughts entering
through the gaps around the sides
of windows.
In a recent Department of the
Environment study of energy audits,
in six out of the nine houses
considered draughtproofing was
recommended as the most costeffective action. Double glazing, on
the other hand, was recommended
in only four out of twelve schemes
proposed, and then only as
secondary glazing, not as full-frame
replacements. Secondary glazing
COS tS approximately £440 per
home, whereas sealed double-glazed

unirs cost from £3000 to £6000.
Secondary glazing is a job that
most glaziers can do. It can be
removed when not wanted,
enabling the original window to
operate as normal. Divisions in the
glazed panels can be hidd en behind
the meeting rails or glazing bars,
making them reasonably
unobtrusive. Some windows,
however, are not suitable for
secondary glazing, owing to the
narrowness of the internal sill or
the difficulty of accommodating
the new panes within an oddlyshaped or undul y protruding
architrave. In th ese cases
draughtproofing is the best
solution.

For more information on
draughtproofing (including a list of
UK draughtproofing suppliers), or
for more general information on the
repa ir and rep lacement of
traditional windows and doors,
contact English Heritage's Framing
Opinions campaign at Room 528,
429 Oxford Street, London W IR
2HD, or 071 973 3673.

The Draughtproofmg Advisory
Association Ltd
PO Box 12

Ha s/elllere GU27 3AH
0428654011
The Glass and Glazing Federalion

44-48 Borough High Slreec
Londoll SEI IXB
0714037177

Produced by English H en·cage
23 Savile Row, London WJX JAB

071 9733000
June 1994

Energy savings
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Energy efficiency
With the imposition of VAT on fuel,
the need to reduce fuel consumption

A

Windows: comparison orIola! costs ov~r SO y~ars

has become even more important.

However, in old buildings installing
double-glazed windows is not
necessarily the answer. Upgrading
existing windows and doors, rath er
than replacing them, can be just as
energy-efficient and, in the longer
tcrm, far more cost-effective.
In 1990 the independent Building
Research Establishment (BRE)
judged that double glazing was the
least effective of energy-saving
measures in terms of the payback
period on heating bills, and
concluded that double glazing is only
cost-effective 'when windows need
replacing'. Far more efficient heatsaving measures recommended by
the BRE include lagging the hotwater tank, insulating the roof, and
draughtproofing doors and windows.
This contrast in efficiency is
underlined by the cost studies shown
in this leaflet.
Double glazing is often ineffec tive
at insulating from noise. The BRE
has said that ' the optimum air-space
width for thermal insulation is about
20mrn, but this is too small to be of
any practical advantage for sound
insulation', for which 'a minimum
air space of 150mm is
recommended and preferably more'.
The BRE concludes that insulation
against road-traffic noise ' may we ll
be ob tained more effectively by
heavy single glazing' than by doub le
glazing an air space less than a
100mm wide.
Recent studies commissioned by
the BRE indicate that the energy
required to manufacture a PVC-U
window is three times that for a
softwood window. The Green
movement is increasingly concerned
about the danger posed to the
environment by chlorine-derived
products, most nmably PVC. One of
the principal domestic uses of PVC
is in plastic windows.

ins!aJla!ion(IOOm'}
Occupancy CO$!'
Tala! CO$! in U$C
(ucJuding replacemcn!)
Life expcc!ancy
Repl acemen! COS! per
year of life cxpcclllncy
over SQ.-year period
To!alofcost·in·u$C
and re placemcnl COS!
• Bu,ldinl: 000" Illd Wit/do ....

,-

Softwood

Hardwood

Aluminium

[

[

[

PVCu
£

10000

37750

21000
43750

38550

18000
27750

53750

"7SO

57550

45750

35 yean

40 yean

50 years

40 yean

22850

26250

,-

76600

91000

76550

S~ppl~menl

New windows
A cost-in-use study featured in
Building magazine on 30 April 1993
compared options involving wholly
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Comparative costs
It is near.ly always feasible to retain
and repair existing windows and
doors, and thus prolong their
working lives. Rehab ilitation and
regular maintenance are more COSteffective in the long term than
wholesale replacement by timber or
metal exa mples or by cheaper,
plasti c alternatives. If timber
windows are in a reasonabl e
condition, a basic overhaul, together
with draughtproofing or secondary
glazing, will provide better value for
money than the installation of
doubl e glazing.

ED
LLJ
-DC==-

22500

new windows (Table A). Installation,
occupancy/cyclical maintenance, and
replacement costs over a 50 year
period were analysed in detail for
new softwood, hardwood,
al uminium, and PVC-U windows.
The following observations can be
made from this study:
• installation COSts: modern
softwood windows provide the
cheapest option
• occupancy/cyclical maintenance
costs: PVC-U windows carry the
lowest costs, although these are
perhaps not as low as expected
and definitely do not reflect the
common claim that PVC-U
windows are maintenance-free
• replacement costs: in this context
new softwood and PVC-U
windows cost roughly the same
• combined totals show that PVC-U
windows are the cheapest option,
but they cost only about 10% less
than modern softwood
replacements
Repair, not replacement
The majority of recent cost-in-use
studi es have focused on comparing
new or replacement installations.
However, repair is generally a far
more cost-effective alternative .

Table B compares the costs-in-use of
various scales of repair and upgrading
with the most competitive
replacement options. Assessments are
based on information from industry
sources and findings published in
Building magazine on 30 April 1993.
The installation of double glazing in
old dwellings is rarely economic
unless existing windows and their
frames are so badly damaged or
ronen that they need complete
replacement. This is clearly
demonstrated in Table B, which
underlines the need to:
• evaluate the repair option before
commining yourself to more costly
replacement
• plan and manage a simple
cyclical maintenance regime so
that windows never reach the state
where you need to replace them
Investing in planned cyclical
maintenance
• avoids or reduces expenditure on
replacement windows
• conserves original windows for the
future
• preserves the character and
integrity of buildings and
streetscapes

Reducing heating costs
The comparative costs of the
domestic energy-saving measures
featured in Table C are based on
findings for an average, threebedroom, semi-detached house
reported in recent work carried out
by the BRE and in the October

C

B

Repair versus replacement
Windows: comparison of total COlt5: oyer 30 yean. 30 window units
Replacement PVCu
usb windows 1760 x 1060

Esisting softwood
.asb windows 1760 lC 1060

CD
Initial repairs!
Installation costs

[]

QJ

QJ

0

0

2000

3500

8190

13080

26000

Occupancy costs

12700

12700

12700

12700

93<W

93.w

Cost·in·usc totals

12700

14700

16200

20900

22420

353.w

ENtin/l$oftwood $cuh windows (1766 x 10000m) 1 OccufXJncyicydu:ai ma:nunanct cosu only, assuming sound eondinon.
1 Druughtproojing plus ()(cup.Jn,yicyc/icai mlJlntmanc.: COSU, assuming sound condition.) Ot~rhauJing, rmnor ~irs, and Jruughtprooji"g,
plus occupartC)',C)'Chcai malntmanct casa. ., Ot~uJing, major ~irs, and draughzproojing plus occupancylC)dicai mainlmanct casu.
RtlplllclmWftt PJlC-U .uh wincJow. (1766 x 1060mm) 5 AsstJud hledy rrpIa«mmt casts bastJ on indwtr). dma, plus
occupartC)·/"wai mllintmanct eMu. 6 RmmciJtd dma dmvtd from a parricuJar cast snu6' (indicaling tJuu the t1$StSSt4 cosu In column 5
may 'l/ke! the posirion at rJtt Iowcr tnd of rJtt marlet! and IIuu irutalUuion COSIS could be much hiKhn).

1992 issue of Which magazine.
In a recent Department of the
Environment study, in six out of the
nine houses considered,
draughtproofing was recommended
as the most cost-effective, heat-saving
action. Additional glazing layers were
recommended in only four out of
twelve schemes proposed, and even
then only as secondary glazing, not as
full-frame, double-glazed
replacements.
Although double glazing can
roughly halve heat loss through
window openings (depending on
window size, climatic exposure, and
design detailing), installation costs
are so high that savings on fuel bills
are unlikely to cover this outlay for
at least 60 years. Since houses in the
UK change hands, on average, every
seven to ten years, this may not be a
wise investment. Moreover, studies
by English Heritage show that the
resale value of a property rarely
reflects the investment made in
replacement windows, especially if
the designs are ugly or unsuitable.

Comparative costs of domestic energy saving measures

Professional weatherstripping and
window overhauls do provide value
for money, and the investment is
quickly paid back through energy
savings, improved thermal comfort,
and noise and dust limitation.
Installing draughtproofing can
substantially reduce heating bills
and energy use, and, if combined
with some of the other modest
measures identified in Table C, will
achieve far greater savings than are
possible with double glazing.

Useful addresses
Building Research Establishment
Garston
WEziford WD2 7JR
0923664664
Draughtproofing Advisory Association,
the National Cavity Insulation
Association, and the National
Association of Loft Insulation
Contractors
PO Box 12
Haslemere GU27 3AH
0428654011
The Energy Efficiency Office
Department of the Environment
2 Marsham Street
London SW1 P 3EB
0712383000
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120·150
220·250

70
70

1·3
3·4
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- thermostatic yalyCS
- programmer
- cylinder thermostat
- cylinder jacket

cont

250·350

50

5·7

Cavity wall installation

cont

350-450

70

5· 7

Solid wall installation

DIY
cont

150-300
1500-3000

70
70

20·40

23 Savile Row, London W1 X lAB

Draugbtproo6ng

DIY
cont

50
150-750

30
30

1·2
5 ·25

071 9733000

Secondary double glazing

DIY
cont

150-300
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30
30
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30·50

Double glazing
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2500-6000

40

60·100+
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Loft installation
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SASH WINDOWS (1)
DATING SASH WINDOWS

ash windows are constructed in
two sections, at least one of which
(and usually both) slides venically
and is counterbalanced by an independent system of weights and pu lleys. This
Conn of window is an almost standard
feature in the buildings erected in this
country from the late seventeenth century 10 (he lale ninetee nth century . but despite being a panicularly British phenomenon its name seems to have
derived from the French word chassis,
meaning "frame".

S

Sash windows are be lieved to have
been developed in Britain in about 1670
and were quickly adopted: they appearcd
al Ham House in
1673, and at
Chatswonh between 1676 and 1680, and
were used enthusiastically by Wren.
They offered considerable advantages
over the casement, which, because of the
limited strength of the lead carnes, aJlowed the use of small panes of glass
only and therefore admitted a modest
amount of light. TI,e quality of the
crown glass used for glazi ng at that time
added a further virtue. It had a brilliant
surface fini sh but, un like modem plate
glass, was not accurately flat; as a result,
a house furn ished with sash windows each containing 12 or more panes - gives
numerous glinting reflections which are
pleasing to the eye.
Perhaps a more important reason
for their widespread popularity , however, was that they suited the fashionable class ically-derived architectural
styles: an open casement broke the harmony of an e levarion. while a sash window made a positive contri bution to the
proportions of a Queen Anne or Georgian
house. Even quite small houses were
greatly influe nced by the ideas of Palladio and Inigo Jones and the numerous
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The basic mechanical layout of the sash
window hardly changed at all from its
introduction to its gradual decline in the
early twentieth century. The two sections or sashes, separated one from the
other by a central vert ical paning bead,
slide in grooves formed in vertical stiles
on each side of the window. These stiles
in tum form the inne r faces of tall boxes
which contain the counterba lance
weights.

pattern books produced for provinc ial
builders.
Windows other than the sash type
were seldom used for bui ldings of any
consequence from 1700 onwards, and
many eighteenth century householders
replaced ex isting casement windows
with sashes. However, this revolution in
design was achieved under the heavy
burden of the window tax that was first
imposed in 1696. This tax , joined by a
heavy excise duty on glass in 1746, was
gradually increased over the years unti l
1825, when it was reduced before being
abo li shed in 185 1. It led to the widespread blocking of windows , still to be
observed in many old hou ses today.

The appearance of the sash window
changed considerably. however, during
the two centuries of its development.
The very earliest types had glazing bars
2 inches thick or more, and sashes containing 20. 25 or even more small panes
of glass. As time passed the trend was
towards ever larger panes of glass and
progressively fewer, more slender glazing bars. The sash window developed
with surpri sing speed from its initial
relati ve crudity, so that in around 1700
the six-aver-six type (wi th six panes of
glass in eac h sash) became commonplace and remained widespread for the
nex t 150 years.
in London , the positioning of a window's sash boxes in relation to the surrounding masonry may provide a clue 10
its age. Until 1709, these sash boxes
were generall y mounted flush w ith the
brickwork or masonry of the wi ndow
aperture, or nearly so. But increasing
concern about the fire risks led to (he
introduction of a bu ilding regulation
wh ic h, from June 1709 onwards, required the sash windows of London
houses to be recessed 4 inches back from
the masonry. This law remained in effect
until 1744, when the req uiremenl became {hal sash boxes shou ld not only be
recessed 4 inches inwards, but also side-
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ways behind the masonry itself, leaving
only a narrow strip of wood exposed on
each side. These changes were adopted
to some extent in the provinces, but in a
very inconsistent and patchy way, making them useless as a dating guide to
anyone without detailed local knowledge.
The thickness and shape of the glazing bars can be other clues to age, but as
with any fashion-sensitive phenomenon,
the styles did not change at fixed dates,
and there was much overlap and many
regional variations. The basic six-oversix configuration remained common
from 1700 to 1800. Towards the end of
the eighteenth century, however, when
larger panes of glass began to become
available, a dissatisfaction with the conventional arrangement began to show itself. One expression of this was the
adoption of sashes containing large
panes of glass surrounded by smaller
ones. Another was to combine this design approach with the use of very slender glazing bars of iron or brass, sometimes painted to look like wood.
More rapid change set in from 1838
onwards, when cheap mass-produced
glass began to be available. First fourover-four arrangements (with each sash
carrying four panes of glass instead of
six) became popular, then two-over-two
configurations, and finally one-over-one
(with each sash filled by a single large
pane). And, just as a century earlier the
wholesale substitution of sashes for
casements had taken place, so there
came a new fad for removing glazing
bars to fit larger panes of glass, often
with disastrous effects on the overall appearance of buildings.
Without vertical glazing bars to
brace them, the horizontal rails in
Victorian sash windows became highly
stressed, with the bottom rail - by which
the lower sash is often pushed upwards proving particularly inadequate to resist
the additional bending stresses imposed
upon it. To strengthen it, a fully mortised
joint was often used where the bottom
rail met the vertical stiles of the sash itself. The strength of this depends upon
extending the vertical stiles below the
joint, and these extensions were given
stylised curved shapes - they are the
brackets or horns so common in sash
windows built after 1838.
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VARIATIONS
The Yorkshire sash differs fundamentally from the conventional double-hung
sash in having a single movable element
which slides horizontally rather than vertically and thus needs no counterweights. Such windows are to be found
in all parts of the country - not just
Yorkshire.

Another variation is where the window has been extended downwards, usually in three sections. Sometimes this
was used to create a garden sash, providing sufficient headroom for people to
step out of it when the lowest section
slid into a recess above or below the
window.

SASH CORD ALTERNATIVES
For very heavy full-height sash windows, especially in Victorian dwellings,
chains were often employed instead of
cords. Sometimes the chain links work
loose and the chain breaks, or the chain
rusts rigid. Replacement chains are
available from ironmongers; for smooth
running and the minimum of rattle, lubricate the chains and pulleys with oil,
grease or petroleum jelly - the paintwork
will not be stained.
Some sash windows have been "improved" during this century by the removal of the sash cords, weights and
pulleys and by the installation of spiral
sash balances. These materially affect
the special historic interest of the original design and may also be difficult to
adjust and maintain. However, they
have an historical interest of their own.
Pairs of balances are housed in grooves
in the sides of the sashes, and each consists of a cylinder containing a torsion
spring and a spiral rod. The latter is
threaded through a bush attached to the
spring, which causes the spring to be
wound or unwound when the sash is
raised or lowered. A bracket attachment
is fixed to the bottom of the rod, which
is screwed to the underside of the bottom
rail of the sash, whilst the tube is fixed
to the top of the frame. Three types of
balance are available, and they come in
a variety of sizes to suit different heights
of sash. Four balances are needed for
every window.
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A more recent alternative to the
spiral sash balance has been the adjustable spring tape balance, which
works on very much the same principle
as the coiled-spring tape measure, and is
used only with very light sashes. The
tape case is fixed and housed within the
redundant weight box, and the stainless
steel tape is side-fixed to the sash. Two
balances are required for each sash, and
sizes vary with the weight handled.
These balances do little to enhance the
original design of the sash window and
provide a less efficient system which
requires more maintenance.
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Except in very grand
houses (whose owners
could afford to pay for
large panes of glass) the
earliest sash windows.
built at the end of the 17th
century. had thick glazing
bars and numerous panes
in each half

Once accepted. the sash
window developed with
great rapidity. and soon
arri\'ed at a 'six o\'er six'
form with relati"ely
slender glazing bars
which became common
early in the 18th cefllury
and remained in use
for 150 years
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When cheap massproduced glass became
amilable in 1838. sashes
with larger panes of glass
and fewer glazing bars
were quickly adopted.
culminating (bottom) in
designs with a single pane
of glass in each sash

D
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REPAIR OR REPLACE?
Traditional windows provide much of
the special interest of old houses, and
efforts should be made to retain them
and extend their working lives wherever possible. Maintenance can appear
tiresome, but recent research shows
that it is often cheaper in the long term
than wholesale replacement. Today's
homeowners also demand insulation
and draughtproofing from their windows, and this has caused pressure for
change; but there are benign ways of
upgrading existing windows, and some
of these are described below.
There are two kinds of repair for the
wooden parts of sash windows. There is
the repair of the timber itself, for which
you may need to be a very skilled joiner
and have all the right moulding planes,
or access to a spindle moulder. Most old
sash windows, however, need little more
than to be thoroughly stripped and redecorated, which - though time-consuming - is not difficult. Where there
are a few rotten areas these can be
renewed by any competent and sympathetic joiner in situ without any problems.
Windows can seize up, as a result of
either an excess of paint or the distortion
of the frame due to building settlement.
Missing or worn beads can cause misalignment or jamming, as well as rattles
and draughts. Sash cords eventually
either become brittle with age or, in
damp conditions, rot. Perhaps the window will open but not shut again properly. In this case, usually the bottom sash
opens easily but the top is a struggle.
What happens here is that the weights hit
the bottom before the top shuts tight, the
reason being that the cords are too long,
that rubbish has built up in the bottom of
the frame, that the pulleys have seized
up, or that the weights do not balance.
None of these problems are serious, and
they can be dealt with by the careful
amateur.

FRAME DISTORTION
Before inspecting the sash window it is
advisable to survey the opening in which
it sits. The walls on either side of the
opening may have separated a little,
causing bricks to drop from the arch and
creating movement which distorts the
frame and cracks the sill. If large gaps
TH Leaflel4

have developed between the brick window reveal and the window frame, then
the outer skin of the brickwork (often
poorly bonded in the first place) is likely
to be bulging. If horizontal or diagonal
cracks appear through the bricks above
the window, this may indicate the structural failure of the timber lintel - perhaps
due to fungal attack. These faults need to
be investigated thoroughly, and sometimes remedial treatment must be undertaken on a large scale.
However, it may be that displacement has stopped and that the window
has deformed to an irregular shape. If
the top sash refuses to fill the frame
when closed, its top rail may need planing to the deformed line. Alternatively, a
specially shaped and profiled fillet can
be planted into the frame to ensure a
tight fit.

REPLACING A SASH CORD
To replace a broken cord the sashes
must be lifted out of the frame. Working
from indoors, lever off the inner staff
beads from each side. Start at the middle, and bow the bead sideways until
you can remove the nails by degrees being careful not to snap the timber. The
top and the bottom staff beads will then
come off easily. The beads are often
nailed into the frame, but for ease of future maintenance small countersunk
screws can be adopted for fixing. If only
one sash cord is to be replaced then the
opposing cord and weight should be immobilised. This is often done by sticking
a pin or nail through the cord adjacent to
the pulley so that the weight cannot fall
from a raised position. This is bad practice. as it leads to the fraying of the cord
and the chance of its entanglement in the
box in the future. It is far better to tie a
temporary knot in the cord or to provide
a bar against the pulley so that the
weight is static.
The cord is fixed to the stile either
by being nailed with tacks (which can be
withdrawn) or by being threaded
through a hole and knotted (and the knot
can then be cut and removed). The fallen
weight can be attended to by prising
open the pocket piece - a rectangular
trapdoor in the side of the frame, just big
enough for the weights to go through.
There should be a pocket on each side. 3
or 4 inches up from the sill.
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New sash cord can be acquired at
good ironmongers or builders' merchants. It is available in various diameters up to 0.5 inches (12.5mm) and in
plaited jute, cotton, cotton and nylon or
nylon. Cheap cotton cord needs to be
stretched before use. but the more expensive types are pre-stretched and waximpregnated for durability and smooth
running over the pulleys. Remember to
replace damaged cords with cords of the
same diameter so as to prevent snagging
and other problems.
To connect the cord to the weight
within the frame it is easiest to employ a
"mouse" - a pencil-thin pliable weight
which is connected to the cord's end
with a short length of string or wire. The
mouse is then threaded over and past the
pulley and into the sash box, falling
under its own weight to the base, where
it and the string, followed by the sash
cord, can be retrieved via the pocket
piece opening. The cord can then be fastened to the sash weight and the system
adjusted before reconnection to the sash
stile. It is good practice to arrange the
sash weights so that they hang 3 to 4
inches (75 to l00mm) clear of the bottom
or the top of the box when the sashes are
open, to minimise jerking and banging
noises in the frame.

MINOR REPAIRS
If your repair work is minor and you are
tackling it yourself, you will need to take
out the sashes. Start with the procedure
described above, but once you have
removed the staff beads, slide the inner
sash up so that it is near the top; have
someone hold it, and cut the sash cords.
You will hear the weight drop down. If
it is a tall window the falling weight
could cause some damage, so tack the
cord to the window frame before you cut
it.
Once the cords have been detached.
you will be able to lift the sash out. Put it
somewhere safe and leave it standing up
- sashes left on the floor run the risk of
being trodden on.
You should fmd that the parting
beads are just sprung or wedged into
their grooves, but they are often nailed.
If so, chisel them out. The pocket piece
will now be revealed; lever the cover off
and put it somewhere safe.
Sash Windows

vacuum cleaner with a nozzle fitted on
the hose, suck all the rubbish out from
inside the pockets.

How it works. A minor feat of engineering.
the traditional sash window was always
built individually to fit a particular
aperture. never to a standard size

If you have to replace the parting
beads, ensure that they are the right
thickness, or the windows will rattle and
let in draughts. You can buy standard
parting beads in DIY shops, but they are
rarely the right size for an old window
and are often made of ramin - not the
most durable of timbers. They should be
made to measure in good quality pine or
oak. It is more important to get the top
sash working properly; the lower one
can be adjusted with the staff beads. So
mark off the upper sash somewhere near
the pulleys and work out the correct
thickness for the parting beads so that
they trap the sash fairly tightly. The edge
that fits into the groove may have to be
planed down, offset to one side. Make
these beads as wide as they will go without fouling the cutout of the meeting rail.
They should be long enough to make a
tight fit between the top and the bottom
of the window - the length may not be
the same on both sides.

/

The top sash can then be rehung by
simply reversing the process of removal.
Note that the weights usually have their
actual weight in pounds marked on
them. If the top sash is smaller than the
bottom sash, it has the lighter pair; otherwise it needs the heavier pair to stay up
properly.

/'
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Pull the top sash down a little and
cut the cords, taking the same precautions as for the bottom sash. Now you
can take the weights out, starting with
the inner ones. Note where they come
from: they may be of different sizes.
The two sets of weights are separated
by a thin slip of wood known as a
feather. This stops the weights banging
against each other as they pass. Bend
the feather towards you to get at the
outer weights.

top, and move on to the sides. When
you get to the pulleys, look to see how
they are fixed. Early types went
straight into the wood or into a hardwood insert; and if this is worn it really
is a job for your joiner. But the majority of late-Georgian pulleys were set in
cast iron cases let into the frame and
fixed with screws. Remove them and
soak them in easing oil. Leave them for
a couple of days, to free the bearings
and lubricate them.

You can then start stripping the
old paint from the frame, using a hotair gun and a shave hook. Start at the

Meanwhile you can carry on with
the rest of the stripping, noting any rotten patches that you find. Then, using a
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If you are reglazing the sashes, or
fixing additional ironmongery such as
pulls and catches, the sash may be heavier than before, so the counterbalance
system will need adjusting. In practice,
the pair of weights in the sash box
should be slightly heavier than the total
weight of the sash, its glass and ironmongery. Use bathroom scales to check.
If the weights are no longer heavy
enough, larger weights can be purchased
from the ironmongers, although there is
always a danger that they may be too
large for the frame and then tend to jam.
Minor adjustments can be made by
threading proprietary makeweights, or
even iron nuts and washers, onto the
cords above the existing weights, though
these may slightly restrict the sash's
ability to open fully. Home-made sash
weights can be fonned from short
lengths of lead piping or steel pipe filled
with sand.

Sash Windows

Hang the inner sash next. and refit
the pocket piece. Then hammer in the
parting bead, using a block of wood to
protect it from the impact; if it is obstinate, ease it out and plane a sliver off. It
should ultimately stay in position without any nails or glue. Finally fix the
inner staff beads, adjusting their positions carefully so that the inner sash
slides without rattling. Before decorating
the windows take the beads off and paint
them separately.
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Many houses have sash windows
that were modified for reasons of
fashion, and as we have already mentioned, one of the commonest alterations
was for the glazing bars to be removed
to accommodate larger panes of glass.
This can make the sliding sashes unstable at the comers so that they deform
and refuse to move properly in their
frames. One cure is to let in L-shaped
steel plates to consolidate the angles. By
countersinking these. then filling their
faces and overpainting, the repair can be
concealed. If the repair is on the exterior
face of the sash then protected galvanised steel or non-rusting stainless
steel should be employed, both for the
straps and for the woodscrews.
Excessive dampness can cause the
worst problems for sashes and their
frames. Fungi can attack where joints
create horizontal ledges, or where the
end grain of the timber is unprotected by
paint. Dry rot can be found in the pulley
and shutter boxes, but is usually concealed from view. For those with many
windows to maintain. fibre optic
periscopes can now be purchased or
hired to allow these inaccessible spaces
to be inspected without opening up the
fabric unduly.
Wet rot attack is to be found in sills,
bottom rails and at the base of jambs,
mullions and glazing bars. Whilst the
paintwork may look sound, the innards
of the window may have disappeared
completely. It is always prudent to test
for soundness by pushing a screwdriver
or knife into the wood. Investigate the
extent of any rot thoroughly. If the area
affected is small, then the decayed wood
can be gouged out and a patch repair
carried out in one of several ways.
Always ensure that the rot has been
completely eradicated, lest it continue its
work behind the new repair.
TH Leaflet 4
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I
A Square ovolo
C Sash ovolo

B Astragal and hollow
D Lamb's tongue

Glazing bar de\·elopmefll. There were innumerable styles and regional variations. so the above
can be no more than a roug" guide

USING FUNGICIDE
There are various ways of dispersing
fungicide into friable timber window
frames on site - and a brush application
is the least efficient. One patented system requires holes to be bored into the
timber, at the joint most susceptible to
decay. Proprietary injectors are then
hammered home and connected to a
pressure injection pump, through which
the fungicide is forced into the wood.
Upon saturation the injectors are cut off
flush with the surface of the wood, then
filled, and painted.

primed with a coating of low-viscosity
resin, and then filled with one or more
layers so that it stands proud of the surrounding timber. Once set. the patch can
then be planed and sanded smooth.

Another system involves holes in
the window frames, into which watersoluble rods of fungicidal gel are introduced. These dissolve in moist conditions, spreading the fungus-killing liquid
through the wood.

To fill a larger area, allow the
timber to dry out, then clean out the
cavity with a chisel. Let in a new piece
of wood, aligning its grain to match that
in the window element so that new and
old can move in harmony when the
weather is damp. For peace of mind,
treat both the existing timber and the
patch with fungicide. Prime the cavity
and patch with two or three coats of
waterproofing boiled linseed oil (applying the coats at 24-hour intervals),
before allowing to dry and filling the
edges with putty. Give the putty at least
three days to dry completely and then
prime and paint overall.

PATCH REPAIRS

LARGER REPAIRS

To patch holes in timber there are various proprietary plastic fillers available:
some are modified epoxy resins, often
containing wood flour and sawdust aggregates; others are polyvinyl acetate or
acrylic concoctions with clay fillers. and
can be moulded when plastic and planed
and cut when set. Plastic repairs left exposed often degrade due to photochemical attack by ultraviolet light, so it is best
to paint over the repair even if the patching compound is wood-coloured. For
nearly all systems, the friable wood is

Where whole elements such as sills or
the bottom rails of a sash are beyond
patching. then it is possible to replace
the decayed part rather the whole window. Connecting joints can be dismantled by tapping out or drilling out the
fixing dowels and steaming loose glue
(a procedure that calls for an old-fashioned kettle. a length of hose pipe that
fits on its spout and some polythene
sheet to shroud the relevant area). Sometimes the frame will literally pull apart
by hand. For a good joiner such work is
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easy and he will always replace to match
the existing profiles and jointing
systems.

GLASS REPLACEMENT
In order to replace broken panes. the
hard putty has to be removed, and this
becomes a sensitive issue if crown glass
is to be salvaged. Heat can soften putty.
but flames from a torch or hot air from a
heat gun may crack the glass. Try alkalis
or solvents instead to break down the
linseed oil binder. Lye. trisodium phosphate or sodium hypochlorite (household
bleach) may do the trick. or a mixture of
potassium carbonate and quicklime (1:3
by weight). An alternative is to use a
proprietary infra-red heat gun to soften
the putty without damaging the glass.

It may be that an early pair of sashes were modified in Victorian times to
accommodate larger sheets of glass and
that the glazing bars or astragals were removed. If physical evidence exists for
their former whereabouts and profiles. it
may be justifiable to restore the original
window design. Check for filled or
planed tenon holes under the paintwork.

Hundreds of profiles were used to
ornament glazing bars. and it used to be
unlikely that an off-the-peg example
from the local builders· merchants
would be suitable. Although some bar
sections were produced originally by
highly complex individual planes. craftsmen-joiners can copy the sections by
amending their existing tools. and many
stores supply authentic stock designs.
If the house is in a terrace then there
may be astragals to copy next door. but
beware of copying later insertions. unless that is what you wish. One approach
to glazing bar restoration that is to be
deprecated is sticking false bars onto the
inner and outer faces of a large sheet of
glass filling the whole sash. In time the
glues will fail and the sections will fall
off.

Of the solvents. methylene chloride
(paint stripper) appears to be the most
manageable. In all cases observe the
safety codes. wear gloves and work in a
well-ventilated space. Once the putty has
been removed. the unpainted glazing
bars can be coated in linseed oil thinned
with real turpentine, to prevent the wood
drawing up the oil binder from the new
putty on application.
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To strengthen the joints at the ends of the
top sash's bottom rail, the vertical stiles
were extended downwards 10 create a full
mortice and terminated in decorative
'horns'

Hopefully. the old crown glass can
be salvaged and reused. or taken from
redundant rotten windows. Some architectural salvage companies and county
council planning department conservation teams have stockpiles of old glass
for reuse in conservation projects. There
is an artificial modem crown glass available. but its regularity appears obvious if

oil and to add a fillet of a mastic of
linseed oil. horsehair and burnt sand.
Nowadays colour-matched two-part
polysulphide or silicon rubber mastics
can be used, but their application should
be carefully controlled to avoid staining
and indelicate smearing.

WEATHERPROOFING

Chains inslead of cords can be used
for heavy sash windows using
special fIXing pieces as shown here

The window frame must fit snugly into
the masonry opening. and the junction
between the two must be properly
covered with weatherings to keep the
frame dry. Very often differential movement between them causes the mortar or
mastic pointing at the junction to fall
away. Repairs can thus be carried out by
repointing the joints between the jambs.
head. sill and masonry. First. clean away
all debris and brush down and rake out
any damaged mortar to a minimum
depth of about an inch (25mm). Using a
domestic plant spray. dampen the cavity
to prevent suction on the new mortar and
then introduce a foam filler (not a damp
rolled-up newspaper). to pack the back
of the crevice. Tamp into the face
a mortar of cement/lime/sand (1 :2:9
mix), rubbing the face when almost dry
to provide a key for a mastic fillet. The
traditional practice was to prime the dry
mortar with one coat of boiled linseed
TH Leaflet 4

Spiral and spring tape balances are widely
used in place of cords, though their
advantages are debatable
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Sash Windows

it is used adjacent to the real thing. An
alternative, and definitely to be recommended, is second-quality greenhouse
glass, imported from Spain and Czechoslovakia. It is not only cheap, but thin
and warped, and though it may be a
glazier's nightmare and may not comply
with British Standards, the effect of its
use is charming.
In reglazing, ensure that the glass
lies on a thin layer of putty before being
pinned with sprigs. as this helps
weather-tightness and prevents wind
rattle. The pane should be 3mm shorter
on all sides than the frame in which it is
to sit Finally, when laying on the face
putty, a neat edge to the putty fillet can
be gained fairly easily by using a putty
knife.

PAINTING
Old paint will often bubble, peel, flake
and discolour where there is rot underneath, but it will also deteriorate in its
own right on horizontal surfaces if not
regularly washed down, and on the concealed damp end grain of timber. It is
best to ensure that the sashes are removed from the frame before cleaning
and repainting. otherwise they might be
difficult to open later. Fittings such as
sash lifts should be removed to save
them from being overpainted, but it is
advisable to leave the sash fastener in
place. if it works properly, for it is almost impossible to realign the two parts
correctly upon reassembly. If at all possible, refrain from stripping the entire
window of paint: leave some archaeological evidence for your descendants.
Clean the painted woodwork with nonalkaline soap and water, rinse and then
rub down smooth with waterproof abrasive paper. Prime the areas of
bare wood and apply one undercoat and
two top coats of gloss oil paint. When
painting white it is advisable to apply an
additional undercoat to give a fuller
body.
If the sash has to be totally stripped

of paint before decorating, then use an
inorganic solvent such as methylene
chloride. At least the solvents will not
affect the glass in the frames too badly though they may soften the putty.
Always rinse the timber clean with water
to dilute and wash away chemical
residues. On no account send the sashes
TH Leaflet 4

away for dipping in hydrochloric acid or
bleach. since these techniques fundamentally affect the timber, raising the
grain and attacking glues and metal fixings. The stripped-wood look is not
authentic.
When painting make sure that the
underside of the bottom rail and all the
exposed end grains are coated. Do not
forget that hardwood sills require
aluminium primer before painting or, if
not coated, require dressing with beeswax
or linseed oil thinned with turpentine.
Stucco window reveals need a base coat
of alkali-resistant primer before decoration.
In the past, exterior woodwork was
coated with lead-based paint, which was
durable and gave depth and texture to its
appearance. However, health and safety
fears have all but removed these paints
from the market for the present, so highquality alkyd paints should be used in
their stead. The primer and the paints for
both the undercoat and the top coat
should be from the same maker to ensure compatibility. Use exterior gloss
paint and stick to oil paint, not emulsion,
for the undercoat.
A sash brush, with the ends of its
bristles cut obliquely, will make it easier
to paint the comers properly. Use masking tape around the panes or scrape the
odd splashes off with a razor blade when
the paint has dried.

THE PAINTING SEQUENCE
The correct painting sequence is as follows. Pull the top (outer) sash right
down and push the bottom one up past
it. This allows you to paint three sides of
the top meeting rail, and the bottom half
of the stiles and sash bars, three sides of
the bottom rail, and as much of the bottom sash as you can reach. You can also
paint the inner sill where the bottom rail
will rest, and just the lowest 3 inches of
the inner runner - the space between the
parting bead and the staff bead on the
side of the frame. It is traditional to
finish this little tongue of paint with a
semicircular end.
If possible, let the paint dry for a
while (you could go and start painting
another window). Then swap the positions of the sashes. so that the bottom
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one is right down and the top one is half
up. Now you can paint the rest of both
sashes; also. paint the top half of the
inner runners, and across the top of the
frame. Do not paint the parts of the runners that are hidden by the sash when it
is closed (apart from that 3-inch tongue).
but rub them with the end of a candle
when the paint has dried hard. Avoid
painting the brass pulley boxes, and also
the sash cords: pull these out with one
hand while you paint behind them with
the other. When you have finished the
window, paint the woodwork surrounding it - the frame, the shutters or reveals,
the panel below. and finally the architrave.

The outside should be painted the
same way, starting with the bottom sash
up and the top one down, as before.
Paint the upper half of the bottom sash,
the top rail of the top sash, the bottom
rail of the frame and the sill, and the top
of the frame with the top 3 inches of the
outer runners, which are then finished as
before. Swap the positions of the windows, and paint the bottom half of the
bottom sash and the rest of the top one.
When you can, push the top sash right
up and paint the bottom half of the outer
runners. Finally paint the visible parts of
the sash boxes and the architraves; and
paint the rendered reveals if you have
that sort of London house.

When you are painting sash bars.
keep as much paint off the glass as
possible: it should overlap by just the
merest whisker to seal the joint. There is
no point in having these slender mouldings if you widen them with half an inch
of paint on each side - but this is something you often see.

COLOURS

Historically speaking, many sashes were
painted in "common colours" - greywhite. brown or dark green. Stuccoed
window reveals were often painted yellow-brown or magnolia, as "brilliant
white" did not exist. Check with your
conservation officer before embarking
on an adventurous colour scheme: if you
live in a conservation area there may be
controls on the colours that can be used.

Sash Windows

THE CASE AGAINST PLASTIC 'FACSIMILES'

old buildings need to breathe and are inherently damper
than modem ones. Ventilation is important, and especially
so if, when closed. the window effectively excludes
draughts. Draught-free perfonnance is one of the selling
points of uPVC windows. and no completely satisfactory
design solution has yet appeared that also allows for a
small but steady amount of ventilation without compromising the appearance.

Plastic replacement windows are heavily promoted in the
marketplace. The industry calls the material used 'PVCu'
or 'UPVC'. which stands for unplasticised polyvinyl chloride: it is generally resistant to attack in most weather conditions and is reasonably rigid. It can be moulded into
complex sections. gives good thennal perfonnance, is unaffected by moisture and can be mass-produced to a consistent quality.

From a security point of view, with some uPVC units
it is possible to gain entry by detaching an element of
beading from the outside and removing the glass pane.
However, it must be said that more sophisticated solutions
are being developed to this problem.

Plastic windows, however, are discouraged by planning authorities. Windows are one of the most visible and
characteristic features of an historic building, and the
Department of the Environment Circular 8/87: Historic
Buildings and Conservation Areas - Policy and
Procedures offers the following advice: 'The tendency to
use non-traditional fenestration in elevations of value
should be resisted and replacement windows in uPVC are
almost always unacceptable." Some people have been unwilling to accept this judgment, and alteration of windows
has become one of the most contentious issues between
owners and local authorities, with the majority of planning
appeals decided in the councils' favour.

One of the most serious shortcomings is design
appearance. Despite the protestations of manufacturers
that they produce "historical" ranges, their efforts fall a
long way short. Firstly, installation usually requires a subframe scribed to make the rigid rectilinear plastic fit the
contorted window opening. Then the frame itself is
"beefy" in its dimensions for the sake of rigidity (sometimes twice as thick as the original) - so the framing
around the window can look overbearing.
Also the plastic window is often sited flush with the
front of the wall - which is nearly always a mistake.
Historically, most of the later sash windows were recessed,
exposing brickwork or stonework and allowing the glazing
to recede visually to give depth to the elevation.

Plastic windows have only been available in this
country for about 20 years, and it has not been possible to
monitor their track record over a long period. Accelerated
weathering tests suggest a 25-year life expectancy, with repolishing necessary after about 15 years. Standards have
only been agreed relatively recently for the products, and
quality has been variable in the past.

Where transoms are included in a hopper-type plastic
frame to simulate the middle rails of a traditional sash. the
element is nearly always too wide and visually divides the
window into two distinct parts. Typical plastic frame
cross-sections are rectilinear or flat, and in no way match
old mouldings. Some window types are mocked up with
pseudo-Georgian astragals in flat tape, giving a twodimensional, insubstantial look.

Early examples are now tending to break down and
discolour due to the effect of ultraviolet light. and while
there seems to be little doubt as to the durability of the material itself, the life of the window frame will only be as
good as that of the component parts of the matrix in which
it sits. The gaskets. or seals, of plastic or synthetic rubber
(inserted between the glass and the frame to prevent the
moisture getting in) can have a much shorter life.
Neoprene, for example. degrades in ultraviolet light and
requires replacement every five to 10 years. Similarly,
ironmongery and sealed double glazing units can fail over
a much shorter period of time than the frame. Failure of
mild steel hinges and other fastenings has been a problem.
and any damage caused to the frame by faulty fittings can
necessitate replacement of the whole unit.

A big selling point for plastic windows is said to be
their good value for money, but good quality ones are not
exactly cheap to install. and any replacement is bound to
cost more than leaving the original in situ. Savings arise, ~t
is claimed. from the low maintenance costs, since it is not
necessary to paint or varnish the frames in order to maintain the material. However, for those who nonnally do
their own maintenance and minor repairs. there are
distinct disadvantages in a high-tech system that you cannot repair yourself. Detailed price comparisons show that
even with repeated decorating, maintenance and repair
costs, old softwood timber frames are no more expensive
to maintain than plastic over a period of 30 to 60 years.

Plastic frames are inherently less rigid and more prone
to thennal movement than timber. To correct this. frames
have metal reinforcement and joints are welded. Poorquality or defective specification in either of these areas
can eventually lead to moisture ingress.
While the plastic itself is not adversely affected by
moisture, the material surrounding it may be. So a synthetic window with a wooden frame or with a·wooden sill will
simply be transferring any condensation problems to adjacent areas that are more susceptible to deterioration. All
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Sash Windows
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A Brief Guide to the History and Replacement
of Windows in Georgian Buildings
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EL EJ\t ENT DOES MORE th:1I1 the fenest r:llion to enh ance the

.1. ~ character

of Georgian buildi ngs; this is e"en l110re rel ev:1Il1 to

modest terraced houses and cnunrry cottages th an it is to gr:m der. Illuh iwindowed pi les. Yet in recent ),el rs the defac ing of Georgil n bui ldings by
in appropriate modern windows hls bccome more and more commonpl ace.
The Georgian Group has al ways maintain ed thai historic buil d ings
dese rve the very best in terms of craftsmanship and materi als. T he
insistence upon nat ura l materials in co nstru cti on and in archit ec tural
detailing represe nts the best way of ensurin g that the inregrily of hi storic
structures is preserved . Georgian buildings in particular rel y fo r th eir
aesdlCt ic effec t" la rgel y on their proportion s, an d es pec ially on the
appropriat e det ailing of windows and doo rs.
This lean et is not des igned as a techni cal manual - a li st of furrh er
readi ng ca n be fo und below which wi ll prov ide more informat ion on the
technical and historical aspects of th e window - but as a general gui de for
house-owners thinking of re pairing or replacing their windows. Ucfore
starting any repair of Georgian windows, always consult the Conservat ion
Officer of your loca l District or Uorough Cou ncil fi rst. And remember, if
your hOllse is a listed buil di ng - or in some cases e"en an unli sted one in a
Conservation Area - you will need Listed Building Consent or planning
permi ss ion from your loca l cou ncil before any altera tions or repairs can be
att empted.
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WI N DO WS firs!" appeared in Britain abo ut 1670. T hey were

~ most probably a British ill\'Clltioll , amJ provcd thc most popular
fo rm of window opening fo r ove r two centu ries.
Sls h wi ndows can be made of wrought or cast mcta l, bu t are generall y
made fro m wood. Some loca l v:lfi:ui ons have horizontall y-s lidi ng sections so-call ed 'Yorkshire sas hes', for example - hut most ofte n the solution
adopted was to have th e sashes \'C rrically-slidi ng and 'double-h ung'. In the
ea rliest exa mples of sas h, the wi ndow was only 'single-hung', i.e. only the
lower light was provid ed with pulleys, th e upper frame being pegged or

Y ORKS IIIR E

SLlI>I NG

SASII ,

WHI CH

OI' ERAn:s }-' ROM SID E TO s m E.

immova ble. By the mid-eighteenth century, however, double-hun g sas hes
(sec cover) wcre most common.
Although it mu st be remembered that sash windows were never
constructed to a stand ard size, an arrangement of six pan es over six was
wides pread from c.1 700 onward s; thi s differed sharpl y from the bisec ted
casement window preval ent during the seventeenth cenrury. As the
eighteenth century progressed the manu fac rure of large r panes of glass
beca me eas ier, and Georgia n glaz ing bars beca me thinner. These hars we re
moulded in a va riet)' of ways, the robust 0\'010 form gradua ll y givin g way
to the la mb's tongue, ogec and ot her more slend er, mouldi ngs. In term s of
proportion, the ind ividua l p:lI1es of gla ss wcre generall y tall er than th e),
were wide (in accorda nce wilh the artistic theory of the 'golden sect ion');
w hi lst early panes were virt ually sq uare, most later exam pl es tended to
emphasise the vert ica li ty of Ihe wi nd o\\'. Pl ease note, th ough , that in
contrast to the modern metal or pl ast ic windows there was never a st an da rd
Georgi an wi ndow or pane size.
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GEORGIAN GLASS

A V IT AL CO.\ IPON Ei'\T

of the Georg ian w indow wa s, naturall v

~cnollgh , it s gla ss. Yet this feat u re is often th e fi rst casualt y o f
wi ndow rc p,[ir o r n.: p!'II.:cnwn t: It is important tn t ry to san: Georgia n g lass

when.:n :r poss ible, wh ether it is crow n gla ss -

Ctll

from a b lown di sc - or

the less c . . pensi\·e mu ff. cy lind er or hroad glass - cut fro m an o pened -out
cy linder. C row n and mu ff g lass are not mac hined tota ll y Oat , in the manner
of modern sheet , pla h.' or 'noat' gla ss, hu t catch t he light in a vari ety of
fasc inating ways ; the effect they prod uce is in sharp cont rast to t he d ul l
uniform ity of p late gla ss , w hich hy Ic)()() had la rgely rep laced th e old er, less
e . . act fo rms. C row n gla ss was also occasion all y pu nctua ted by 'b ull s-cy!.:'
ind eillatio ns, represent ing the poi nt wh er!.: th e pont il - th!.: rod w hich hcld
the glass wh il e it was spu n out - was d isengaged fro m the origi nal gla ss
circl e. Th ese imperfect panes were gt:llcrally reservcd for windows in rear
M ARG IN I.IGH TS I N A SOlr nr loN DON
STUCCOED TE RR ACE.

elevat ion s, and wen: 1101 arranged in the m:lIl ner o f modern 'Georg ian-sty le'
bottle-g la ss bo\\"s, w hich are bot h historically inaccurat e as wel l as
aesthetica lly u nappeali ng . C rown gb ss is now di ffi cu lt
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find , hut some

man u fa cturers do produce a wi era hIe suhsti tute (see Usefu l Add resses);
even 'gree nhouse g lass' is preferab le to modern pla te

\' ar i e [i e ~

in

replace ment sashes and ca sements. Th e recent Depa rt ment of the
En vironm ent ci rcular (H/R7) specificall y stat es rha t , if o ld g la ss is remon :d
in the course of repair work , it "s hould he reset w here poss iblt.:" . (A S urrey
li n n o ffer a service hy wh ic h the old panes can be remo ved wit hout har m;
sec 'J'radiliolla/ NOllles, Fe bru ary I?RR.) Make Sll re rhar , if y our w ind ows art'
taken away to be repaired , the original glass is not destroyed in the p rocess
of repai r.

V A IU OU S

A$TR AGAl. MOUI.UlNG S.

DRAUGHTS, NOISE AND HEAT LOSS

I

N RECEN T YEARS pla stic (UPVC) and meta l windows have
become more widespread as a result of intense and aggressive

marketing. In parti cular, the und erstandable wis h to red uce fuel bills ha s
been used as an excuse to rip out exist ing Gcorg i:lI1 sas hes and to replace
them with pl ast ic or metal products incorporat ing double glaz.ing. Such
double glaz.ed wind ows arc not onl y ini mical to the visua l aspect of a
Georgian facad e, but al so represenl the least cost-effect ive method o f
in su lating a house. Therc arc a number of oth er, less costl y alternati\'es
w hich ca n be used in stead .

Is there a cheap solution to the problem of draughts and noise?
Yes. Th e bes t and cheapes t solution is to introduce draught strips w hich fit
unobtrll si\,cl y into narrow grc)(wes in the sti le or wh ich fit in place of the
parting head. (A List o f Suppliers is produced hy The Georgian Group.)
Both dra ughts and noise ca n be reduced su rpri singly effecti vely by rhi s
method , and there is little point in fitting costly doubl e glazing unti l thi s
ha s been tried.

What about heat loss?
There :u e stilt a numbcr of met hod s of in suring agai nst hcat loss that arc
cheaper tha n double gla zing. A clea r perspcx blind will do the job well , or,
if thi s is not :I\·ailable , a plain shect of light ly-framed glass sc rewed behind
the window , thaI can easil y be removed in SUlllmer. Rememher that heat is
not so mu ch lost through layers of gla ss as through cracks round the edgcs
of the window rail s; thus repeated ski ns of mod ern gla ss not on ly represe nt
a vcry expens ivc met hod of heat in sulation , but :l lso fail to ta ckle the key
problem .

Is secondary glazing any use?
Seconda ry glazing - where sli ding or hinged gla ss panel s in timber fram es

upvc

REPLACEMENT

WINDOW

SUIITLY OUTRUSI VE.

-

arc fitted behind the window - is not necessa ril y incompatibl e wit h t he
hi storic character of a building, :lnd is certainl y cheaper t han in sta lling a
new , doubl e glazed unit. However, ca re must he taken to ensure that any
di vision s in th is glazing :Ire hidden behind the meeting rail s or the g lazing
bars of the sash, and that this secondary glass is not smaller than t he glazed
area of rhe original window. Such a solution is chea p, provid es effecti ve
heat , sound and draught insulation, and ca n be easil y install ed by a
competent joiner. It can be removed if a subsClluent own er prefers to live
with rh e original window alone.

Can I double-glaze individual panes of my Georgian sash?
The Georgian Group d ocs not recommend this opt ion. Indi vidual pa nes of
some early eightcenth century windows ea n sometimes be double glazed .
since the rebates of the thick ovnln mouldings arc widc enough 10
accommodate the resultant 'glass sandwich '. Helllcmher, though, thaI evcn
wit h Stich windows the incrcased weight of the sashes may prove too great
for thc sashcords and th e wcight s, and you may need to di smantle the
whole sash box
and reflccra nl.

to

replacc them . And thc resuhanr vis ual cffect is often dark

TYP ICAL

SIX-OVER-SIX

COMPARE WIT H T HE

I'ANE

UPVC

SASH .

REPlACE-

.' tENTS IIEI.OW AND OVER I.EAF.

Indi vidua l doubl e glazing is cenain ly not applicable in any circu mstances
for Georgian windows with slender glaz ing bars. which cannot" take twO
panes. Note, lOO, that scaled double-glazed units can fai l where the glass
shcets arc bonded.

Are existing shutters effective in providing insulation?
Yes. Check to sec if there arc shutters surviving in the shutter boxes at the
sides of your windows. (On occasion you rna y even find the rarer vertical
shutters, stored at the bouom of the window.) If so, you will have no need
to insta ll funh cr insu lation for night tim e lise. Additiona ll y, shurters
represent a most effective secu ri ty de\" ice.
Always remember that Georgian rooms were not designed to be wholly
ainight: modern scaled insulation systems installed in them often lead to
condensation problems, since the room is not able to 'breathe' properly.

WINDOW REPAIR
T IS MOST IMPORTANT to remember that rhe failure of one of th e
component parts of a timber sash or casement docs not neccssitate
instant rep lacement of the enti re window. Undoubted ly prob lems can
occur in the timber parts of Georgian sashes, just as with other types of
wi ndow; yet virtua ll y every part of a Georgian window is easi ly renewable.
The key po in t to remember is (0 ensure that as much as possible of the
original fabric of the window should be kept. An original Georgian
LJUikling is always more va lu able - hi storically and financi:lily - than iI
replica.

I

Is repair of the timber parts of a sash easy?
Yes. The lifes pan of a tim ber sash window, if in need of some repair in a
specific sect ion , can be prolonged by 'piec ing in' new sections of wood in
the affected areas, insert ing sma ll fungicidal plugs into predri ll ed holes in
the wooden frallle, or sim ply rep lacing the whole of the decayed clement,
e.g. installing a new sti le or si ll. With the latter, it is best to get an ex pert to
use treated timber for th e repa irs. S imple proLlems li ke a painted-shut or
s\\'ollen sash can be eas il y solved with the right tools - 1101 a screwdriver,
but a razor or plane respectively.

Can sash cords be replaced, too?
Yes - easily. Access to the weights can be obtained by prising out the
' pockcts' (or 'poc ket pieces') at the bottom of the pulley st il es, on each side
of the window or shutter sti le. However, given the we ight of the sashes and
the comp lexity of the ta sk, it is possibly bencr th at re-cording is done by a
joiner. (N.B. A sash may be stiff or immovable simpl y because the pulley
has broken, rusted or has becn o\'erpainted.) Sashcords can be purchased
from most iro n mongers or bu il der's merchan ts; they arc very chea p, and
ca n be of jutc, cOllo n or nylon . Some sashes built or repa ired in the later
nineteemh century may be fin ed with a metal chain in place of a cord; as
with cord, in any repair the chain must be kept tense.

Tm,:sE

PLASf IC

REPLACEMENT WIN-

DOWS PAY SCANT RESPECf EITHER fOR
APPEARANCE OR THE MECHANICS Of
THE ORIG INAl. GEORG IAN SASHES.

Wh at about glazing bars?
Indi"idual glazi ng bars ca n he replaced; :lgain, though, thi s ought to be
done hy a competent joi ner. Some of the origi nal bars ma y sti t! rema in in
the window, providing an exa mple of the correct moulding for the new
ones. Ol'herwise, new moulded bars can be made lip by compctclU loca l
joiners who ca n set up their mac hines for a slm ll ordcr - not from large
national wi ndow fir ms, who, on the whole, can prov id e on ly their own
standard , clumsy approx imations. O n no accou nt simpl y st ick false, twO
dim ensiona l plasti c strip ba rs onl the surface of the glass as a subst itutc:
after a short eXIXlsu re to rai n :lnd frost, the glue \\' ill inev it ab ly fail and the
bars falloff.

When should Georgian windows be wholly replaced?
Replacement of wi ndows should only be

:l

last reso rt , when repair o f

indi vid ual part s, or the install ation or insulation method, has proved quit e
impractica l or in sufficient. If fittin g a new window, hea r in mind the advice
given hy the DepartlllelU of the Env ironment in t heir recent ci rcu lar (8/87):
" Fenestra tion shou ld al ways be of appropri :ll e design and respect the
:\

I'AI(TICU LAI(U'

UNS\''\\PAT''.:'f1 C

WINDOW IIEPI.Acn,n;NT AND LOSS OF
SURMOUN DI NG MOULDINGS.

ex isting opellmgs.

Till S IS NOT ACCE PTABI.E .

. The tend ency to usc non-traditional fenestratio n

in elevations of va llie shou ld be resisted and replacement windows in
UPVC are almost always unacccptahle."
If you have a local, traditiona l joincry firm in you r area , they should oe aolc
to make

YO ll

a good replacemcnt sas h. Some loca l cou ncil s prod uce li sts of

recommcnded suppliers or repairers in th eir area ; e\'cn if they do not,
always ask your loca l Conserva tion Offi ccr for na mcs of rel iabl e fi rm s.
Ne"e r fo rget the legal requ irement s nccessa ry for any window
replacemcm. In particular, rClllemher that Listed Building Consent from:l
loca l aut hority is nceded fo r any alteration to

:I

listcd Georgian bui ld ing

beyond th at of in stalli ng a pure facsimi le. If in doubt about these
req uirements, YOli shou ld aga in contact the Co nservat ion Officer of your
local Dis trict or Borough Council.
1'0101( TI llS.

A ren 't plastic or metal windows just as good as wooden sash es?
No. The need fo r the repa ir or repl accll1ellt of Georgia n wi ndows should
ncver he used as an excuse to install plastic, stecl or alu minium products:
these altern atives bcar liu le relation to the origina ls, and are tota lly
un su itable. Panes of Georgian windows arc reecssed within the exter ior
wa ll , yet the panes of most mod crn wi nd ows arc des igned to be fitt ed nu sh
with the frame and thc ex terior \\'a lt surfacc; this destroys the pleasing
effects of dcpt h and shade in a Georgia n fac:lde, es pecially as ra rel y d o the
new windows possess lower sashes more deeply sct than the upper sas h, in
t he fashion of a t radi tiona l wi ndow . In a reccnt case concerning the
subst itution o f modern pla stic windows for Georgian timber sashes, the .
DoE In spector judged that the ncw windows wcre "discordant
incongru ous and una ccepta bl e" on account of
"the largc nat areas of g lass, the imitation plastic glazing bars sa nd wiched
between the panes, and the absence of th e three-d imensiona l effect
w h ich is a characteri stic of sash windows."
The new plastic vert ica ll y sliding sashes, whil e representing a step in the

• ANI) CE MT A INU' NOT TillS.

right d irection . arc st ill quite unsuirablc fo r usc in a Gcorg ian facade . Th e
se mblan ces of plastic glazin g Imrs in serted between the doubl e panes of
these windows arc clearl y visible as shams and are woefully inadequate.
Also , the in sta llation of standard -s ized modern windows often necessitatcs
the demolition of the original brick arch and Illuch of the wind ow surround
in order to fit the ncw. larger window into the wa ll.

But don 't plastic or metal windows last longer?
It is certain ly not tru e that timber sashes arc more frag il e and vulnerabl e

than modern plast ic and Illetal products. In 1988, for ex ampl e, an
independent stud y by the i\'orthern Consortiulll of I-lousing Authorities
concluded that in stalling softwood sas hes was a more cost-effective option
than providing plast ic replacemen ts. Plastic windows cOllle in only one
colour - white, wh ich tend s to di scolour rapid ly with age , whil st meta l
windows corrode and. in the case of iron, expa nd. Aluminium windows arc
indeed linlc bctt cr than plastic exa mples; mcta l is a poor in sulator, and
int ernal condensa tion is more likel y to occur when they arc fitted. In

TI-Il S U PVC REPLACEMENT MAKES NO

addition , meta l windows only come in a limit ed ran ge of colour coatings,
whi eh themselves ha ve been known (0 deteriorate as pollut ant s build up.

A'ITE MPT TO EVEN M IMIC A SASH.

Th e doub le-g la zin g sales man may say that he guarantees a life
ex pectancy of some years for hi s products. Remember , though, that most
Georgian timber windows ha ve lasted for two hundred years or more.
whereas recent studies indicate that modern plastic windows ca n fai l after
only twenlY yea rs - and the fittings in as li ttk as fi ve years.

Are stained hardwood sashes an acceptable substitute
for Georgian softwood windows?
Sta in ed or varni sht.:d hard wocKI windows arc beco ming far more co mmon.
But whil st they arc certa inl y better than plasti c or meta l examples, they arc
still hi stori call y in correcr, and al so look incongruou s in a Georgia n facade.
If yo u ha ve to li se hard wood windows, make sure they arc painted.

What happens if I go ahead and install modern windows
in a listed Georgian house without consent?
A growing number of local authorities arc now keen to pursuc enfo rcement
action against the unauthorised insertion of unsuitahle modern windows
into li sted or otherwise prot ected buildings. This can place the house
ow ner in an embarrassing finan cial position , particularl y if he or she has
in sta lled bespoke plast ic window s whic h, once removed, can not be resold .
Rarely do the suppli ers themselves rcceive th e blame fo r insta lling
un suitabl e windows: in 1986 J-Jove 130rough Co uncil (act uall y helped by
the unfortun ate tenant) did successfull y prosecu te a well -known win dow
reta iler for putting such windows in to a li sted building, but such cases arc
un common, and depend on the attitude of the loca l authorit y.
T o summari se. Georgian timber sashes need link or no maintenance. often
cost less to in stall than plasti c or meta l exa mples, and can be eas il y adapted
to prm·id e good, effecti\'e in sulation for your hOllse. Their substitution by

unsy mpat hetic 1l1lKiern windows, at considera b le cost, ca n not onl y ruin
th e appearance of the building but ca n actually substantiall y reduce the
va lu e of your hou se.

USEFUL ADDRESSES: GLASS
The Glass and Glazing Federation
44 Borough High Street, London SEI 1XB
Telephone: 07l-4(H 7177
The Flat Glass Manufacturer's Association
Prescot Road, St Helens, Merseyside
Telephone: 0744 28882
The Worshipful Company of Glaziers
Century House, Tanner Street, London SEI 3PJ
Telephone: 071-403 3300
James Hetley & Co.
10 Beresford Avenue, Wembley, Middlesex HAO IRP
Telephone: 081-90 3 4151
Clive Sinclair
Norgrove Studios, Bentley, Redditch, Worcestershire B97 5UH
Telephone: 0527 41545
See also the historical glass displays in the Science Museum, London SW7,
and the Pilkington Glass Museum, St. Helens, Merseyside.

FURTHER READING
cd Colin Amery
Period Houses and their Details (1978)
ed Colin Amery

Three Centuries of Architectural Craftsmanship (1978)
Dan Cruickshank and Neil Burton

Life in the Georgian City (1990)
ed Davey, Heath etc.

The Care and Conservation of Georgian Houses (1978)
R. W. Douglas and S. Frank

A History of Glassmaking (1972)
English Heritage

Sash Windows (1989)
Hertfordshire County Council
Historic Windows (1989)
Hove Borough Council
Conversions and Alterations (1988)
Northern Consortium of Housing Authorities

UPVC Windows: The Facts
(I990; available from Chester-Ie-Street District Council, Co. Durham DH3 3UT)
Matthew Saunders
The Historic Home Owner's Companion (1987)
Andrew Townsend and Martin Clark
The Repair of Wood Windows (SPAB Technical Information Sheet, 1991)
The Conservation Officer of your local District or Borough Council will be
able to advise you on suitable local joiners and window manufacturers.

The Georgian Group exists to save Georgian buildings, monuments, parks
and gardens from destruction or disfigurement; to stimulate public
knowledge of Georgian architecture and Georgian taste; and to promote the
appreciation and enjoyment of all products of the English classical
tradition. The Group is a registered charity, No. 209934, and benefits from
Covenants. The Group can be contacted at 37 Spital Square, London
El 6DY, tclephone 071-377 1722.
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INTRODUCTION

Needless destruction

Thousands of wood windows are destroyed every year
because people believe they are beyond repair. As a result
many old buildings suffer a profound deterioration in their
character and historic interest. Only time will tell how
durable modern replacements will be. Many replacement
windows inserted in the last 30 years have now decayed
beyond repair whereas examples of original windows survive
from the 18th century and earlier, showing the compatible
methods of construction and high quality of materials used
in ancient buildings.

Repair methods

This pamphlet aims to demonstrate that limited decay can
be tackled without total destruction, and that repair
methods are to hand (both for the experienced joiner and
the D.I.Y. enthusiast) which enable a decayed window to
be brought back into a sound, functioning condition.
Advice is included on the analysis of the causes of decay
and general guidelines are set out for remedial work to
windows, followed by specific examples of repair methods.

WINDOW TYPES AND THEIR HISTORICAL DEVELOPMENT
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WINDOW TYPES AND THEIR HISTORICAL DEVELOPMENT

The earliest wood window frames known in the British Isles were simple openings formed
as an integral part of timber#framed buildings (with cills, heads, jambs formed from frame
members often with timber mullions) or as frames set within masonry.

1

To reduce draughts, openings could be covered with oiled cloth, oiled
paper, or sliding/folding timber shutters. In some cases, openings were
filled with wattle or a timber lattice. 2

From the 16th century, glass became more readily available (although
not in general use until well into the 17th century) and the earlier
form of chamfered mullions and jambs was adapted to take the small
panes ('quarries') of glass set in lead 'carnes'. Opening lights were rare
in this form of early glazing. In the 17th century, mullion,and,transom
windows became fashionable in the new, classicallY,inspired,
symmetrical facades although leaded lights were still incorporated
within this design of window, often with opening casements formed in
a flat iron frame.
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WINDOW TYPES AND THEIR HISTORICAL DEVELOPMENT
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WINDOW TYPES AND THEIR HISTORICAL DEVELOPMENT

Sash windows

The earliest 'sash' windows were simple mechanisms where a single
section of the window would slide vertically or horizontally across a
fixed section,

to

form an opening, without the aid of weights and

pulleys. Early vertical sliding sashes were held in position by a series
of pegs and notches.

The modern sash window (with weights and pulleys) came into use in
London in the latter half of the 17th century. Its introduction into the
provinces occurred gradually throughout the first half of the 18th
century. These early sash windows are distinguishable by their large
sections (e.g. glazing bars up (0 SOmm wide), often incorporate a fixed
sash (usually the top one) and may have frames worked out of the
solid.

Suhsequently, sash window design evolved to produce a general
lightening of glazing bars and frame, with sash boxes being formed
from separate sections of timber linings and pulley stiles. With the
advent of ever,cheaper and larger panes of glass (especially with the
invention of drawn sheet glass), the number of panes per window
decreased from twelve or sixteen throughout the 18th century to four
or two towards the end of the 19th century. A 19th century development
was the introduction of , horns' at the base of the stile of the upper sash
and at the head of the lower sash stile (see illustration) as fewer glaZing
hars were included in the design, horns were required to increase the
strength of these joints.

Smaller windows with leaded lights and metal casements continued to
be used for humbler buildings, servants' quarters and rear elevations
of grander buildings up to the middle of the 19th century. Wooden
casement windows superseded those with iron casements and these
windows have continued in use up to the present day.

With the late 19th and early 20th century revivals in architectural
styles many of the earlier window forms were brought back into use
with modifications to suit the increasing desire for comfort.
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IDENTIFYING AND TREATING THE CAUSES OF DECAY

A detailed inspection of windows for defects should ideally be made annually or at least
as regularly as re .. decoration. It is essential first to determine the precise nature and causes
of decay.
Although an inspection of the surfaces of a window may reveal much
about its condition, probing vulnerable areas with a sharp instrument
(e.g. bradall or pen knife) is also necessary. The following notes should
help to diagnose the most frequently occurring problems.

Wet rots affect both softwoods and hardwoods causing the timber to
soften and lose strength. In windows wet rot may be found where:

• Water is allowed to stand on horizontal
FAILURE OF SASH
JOINT.

FAILURE OF JOINT

BREAKDOWN

OF PAINT

I

BETWEEN

PUTTY.

BAR

I

SASH RAIL.

BREAKDOWN
rAINT

I

OF

ruTTY.

FAILURE OF JOINT
BREAKDOWN
PAINT

I

OF

BETWEEN

Puny

STILE

planes( e .g.cills)

GLAZING

I

SASH

• There is a breakdown of decorative
surfaces (especially where paintwork
cracks due to movement of joints)

BOnot.!

RAIL.
BREAKOOWN
PAINT

I

CILL.

OF

BREAKDOWN

I

PUTTY ON

rAINT

DEFECTIVE

CAPILLARY

DETAIL AT CILL

I ---!;;;~~~;;~

BETWEEN

BOX

AND

JUNCTION.

CILL.

SASH

OF

runy.
ACTION
TIMBER

MASONRY
INAnEQUATE

FALL ON CILL.

EXCESSIVE

SHunERS FIXED IN
roSITION

LEAniNG

'~JJ!Ii-_~~~~~~- CONnENSATION .

and is subsequently trapped (e.g.
between the timber window cill and
masonry sub .. cill below)
• Adjoining masonry is damp for long
periods

TO BUILD UP OF
MOISTURE

• Moisture is attracted by capillary action

IN

UNVENTILATED
VOII).
PLAN

• Condensation persistently forms on the
internal face of the glass.

SASH WINDOW
.. TYPICAL AREAS OF DECAY

Wet rot is recognized by slight ripples and discoloration in the
paintwork and the underlying timber is found to be soft and friable
when probed. Although the breakdown of the decorative surface of a
window is often associated with wet rot, this is not always the case and
a window (or part of a window) should never be condemned on surface
appearance alone .
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IDENTIFYING AND TREATING THE CAUSES OF DECAY

Treatment of wct ro t in wind ows sh o uld broadly fo ll ow the guidelines
se t out by the BRE:

J

a

Locate and eliminate the sources of moisture

b

Promote rapid drying of the affected area

c

Remove decayed timber as far as is necessary to carry out repairs

d

Use

e

Treat remaining limber which may be at risk ~uith preservative

pTeSeTVa[ive~[reared

limber in repairs

Dry rot (Serpuia laeTy mans) occ urs ma inl y in softwood 4 and is
characterised by the affec ted timber turning a dull brown colou r and
'c ubing' (deep c ra cks a lo ng and across (h e grain - a lso found in t imber
affected by some wet rots). This type of fungus thri ves in humid , stable
cond itio ns in poorly ve ntil ated voids. As suc h , it rarely affects windows
but is so metimes fo und behind sea led shutt e rs and in the pulley boxes
of sas h windows espec ia ll y wh e n the re ha s bee n an ou t break of th e
fun gus e lsew here in t he building.

T reatmenr of dry rot is more complex than for wet rot and sh ou ld usually
not be tackled witho ut the advice o f an independent spec ialist.

Damage ca used by wood#boring insec ts is less com mo n in windows
than decay from funga l anack . Many species of wood#bo ring insec ts
ex ist, but th ose c hi e fl y affec t ing windows are fu rniture beetle and
death#watch beetle, with th e latte r only usually act ive in hardwoods ,
espec ia ll y oak.

Beetle act ivit y is recog ni zed by fli ght h oles ap pearing in the surfn ce of
the tim be r toge th er with deposits of bore dust. The beetles o nl y leave
the tim ber during March # Jun e whe n inspection s sho uld take place.

A

SHARP INSTRUMENT IS ESSENTIA L IN

INVESTIGATING THE EXTENT O F OECAY IN II

W1NIX'lW.

IN THI S

CASE, DECAY HAS

FQl lQWEI) TilE BREAKDOWN OF PAINT AND

Death#watch beetle and furniture bee tl e are bot h encou ra ged by damp
timber co nd itio ns and therefore are ofte n fo un d in associa tio n with wet
ro t. Where ev ide nce of activity is found, treatment sh o uld be as for wet

GLAZING rUTTY ALLOWING THE INGRESS OF
MO I STU RE.

rot (see above) using a type of timber treatment app rop riate to the con#
tro l of wood~borers. 5
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IDENTIFYING AND TREATING THE CAUSES OF DECAY

Settlement

Move ment in maso nr y o r t imbe r~fra rn e wa lls surro undin g a window
may lea d to defo rm atio n of th e wi ndow wit h jamming of workin g pa rts
(sas hes , case ments ) and eve n to brea kage of wind ow glass. Look for
obv io us signs o f ge neral move me nt within t he fa bric o r mo re loca li zed
moveme nt caused, fo r examp le, by rhe d ecay of a timbe r li nte l above
a windo w, o r wh ere differenti al move ment bet wee n t he c ill and jambs

(due to compress ion in the masonry below th e latte r) h as occ urred
giv in g a bowed appea rance to th e c ill . A n y structu ral move men t may
require remedi al measures and co uld req ui re th e adv ice of a st ru ctura l
engin ee r exp eri ence d in dealin g se ns it iv e ly wi th o ld buildings. Ohen

wind ows h ave become deform ed by pas t move ment in t he walls, but
h ave bee n adjusted to suit th eir realign me nt and con tinu e to work
effec ti vel y.

General wear and tear

All wood windows require regul a r ma in te nan ce to kee p th em in
working ord er. Sti ckin g sas hes ca n be eased although t his sho uld be
avoided in buildings whi c h have not bee n in use for so me t im e ~ with
th e

re~ introduc ti o n

of h eat and ve ntil ati on th ey will often contract

slightl y thus wo rking themselves free. W he re sas hes or case me nts a re
loose and allow excessive draughts, tim be r fillets may be add ed to fill
gaps or draught strips may be used 6 although it is important not to seal
windows compl ete ly. Wind ows whi ch h ave bee n painted shut should
be ge nd y ease d and excess paint removed .
Misa lignm ent of sas hes/case ments ma y be due to missing or worn
beads . If this is th e case, th e beads sh ould be re-worked/re-fitted or
replaced to all ow the wind ow to work prope rl y.

The breakd own of pa intwork or putt y should be dealt with promptly
as this may lead to decay of th e timber below.
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Guidelines to Repairing Wood Windows

•

Where decayed timber is to be removed to form a splice repair, the minimum amount of
existing timber should be removed to allow an effective repair to be formed.

•

Always work new material to the line of the existing and avoid unnecessary trimming of the
original timber. Repairs should follow any existing deformations in the line of the window.

•

Avoid mixing timber species between new and existing in a repair as the joint between the two
is likely to fail from different rates of expansion and contraction during dry and damp
conditions.

•

When carrying out a repair, try to ensure that the structural integrity of the window is
maintained and that the window continues to work as it was designed to do.

•

Where possible, spliced repairs should be designed to ensure that moisture is directed towards
the outer face of the timber and that moisture does not lay on the repair joint. The length of
the splice is governed by the section of timber and the nature of the component being repaired
and it should be designed to ensure an effective bond between the new and existing sections
of timber.

•

Wherever possible, splice repairs should be formed which include mechanical fixings (e.g.
timber pegs/dowels or non ..ferrous screws/pins) as well as glue. Screw or pin fixings should
ideally be made from the inner face of the window.

•

Well ..seasoned timber should be used in forming a repair with the line and density of the grain
(number of growth rings) of the new timber matching the existing as closely as possible. As
with all joinery work, timber with shakes, fissures, warping, heartwood, sapwood or
numerous/large knots should be avoided for use in repair.

•

Avoid previous design faults when carrying out repairs. Consider modifying a method of
construction (or a previous repair) where it is liable to lead to further decay.

•

If possible, repair to window frames should be formed in ..situ especially where the frame is
built.. in and cannot be removed without damaging either the window or surrounding wall. In
general, casements/sashes can be easily removed without damage to be repaired on site or in
a joiner's workshop.

•

Where windows are to be dismantled as part of the repair process, always mark and record
the constituent parts before dismantling, especially where a significant number of windows
are to be repaired. Similarly, always number glass panes/quarries before removal.
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REPAIRS
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A met hod of repair is illustrat ed here whi ch a llows for the work to
be ca rri ed out without disman ding the sash . The sa me procedure for
removal and rep laceme nt may be used wh ere [ma l renew a l of the
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J OIN T

C)

PEGGED,

RE-WEDGED

AND

GLUED .

JOINT LINE

BETWEEN NEW AND
EXISTING

NEW OurER
S ECT1 0~

OF BOTTOM

RAIL GLUED TO
EXISTING

SOUND
TIMBER.

10

FORMED

ON INNER SIDE OF

---+___""=-=

GLAZING LINE AN D

TO INCLUDE FULL
TENON.

REPAIRS

Base of sash stile (outerface)

SLOPING

SPLICE DESIGNED

TO GIVE OPTI MUM AREA OF

INNER SECTION OF
STI LE

( INCLUDING

MORTICE )

RE LATI VELY
SOUND.

DECAY

LIMITED

MAINLY TO OUTER
SEcr IO~

OF SASH

BoTTOM RAIL
TENON

S~ ,:

SOUN"

L31
I

~J
~"

SURFACE TO BE GLUED
WHILST

~
~_~.
___

JOINT BETWEEN NEW ANI)

EXISTING

TIMBER

FORMED

WITH Wlnt UNDERCUT TO

DIRECT

.' . .

~ +'J~

THAT

FROM THE GLAZING LINE

'

I

ENSURING

MOiSTURE IS DIRECTED AWAY

MOISTURE

TOWARDS OUTER FACE Of

SASH

,.,.",:0

.~

---~~~)

STilE.

B RASS SCR EW FIXINGS
FROM INNER FACE

RE- FORM

ANTI-CAPILLARY

Bottom rail/base of sash stile
A simila r repair met hod may be used wh e re o nl y the rep laceme nt of

the base of {he sash st il e is necessary.

SrLA YEO SPLICE JOINT
WITH

UNDERCUT AND

STEP TO GIVE OPTIMUM

SURFACE AREA FOR
GLUE l NG/FIXING
ENSURE

THAT

AND TO
MOISTURE

IS DIRECTEI> AWAY FROM
VULNERABLE

AREAS

TOWARDS THE OUTER
FACE OF THE WINDOW

NEW TIMSER CHOSEN TO
MATCH LINE AND DE.... S1TY

DROrPll"G Of BOTTOM
RAil REl ... TlVE TO STilE

OF EXISTING GRAIN AS
CLOSELY AS

POSSIBLE

INDICATES OECAY Of
MORTICE

AND/OR

TENON
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DRIP

REPAIRS

Tongue of glazing bar

_ _- - - - - NEW

New

PUTTY

TO NGUE

GLUED AND
PINNEO

INTO

GROOVE CUT IN

INSIDE

EXISTING

INNER

SECTION OF
GLAZING

BAR

Fo r replace ment of sh o rt sec ti o ns of glazin g bar whe re o nl y t h e o ut er

to ngue sec tio n is decayed . [f ca re is taken, this repa ir ca n

~e

ca rri ed

o ut wi t ho ut dismantling t he sas h o r re moving th e glass.

In most cases, ha rdwood (fo r stre ngt h and durabi lity ) sho uld be used
fo r the n ew to ngue even whe re th e ex iS[ in g glaz ing ba r is softwood .

Tongue of glazing bar at junction of bars

DeCAY

LARGELY

CONFINW TO
OUTER
OF

SECTION

HORIZON TAL

GLAZING

DAR

New

SECTION OF

TIMBER

(H ARDWOOO )

PINNED AND GLUED
NEW SECTION OF
TIMBER
iNTO

TWI ST ED
POSITION

-~~~~=-~;~~~~
-:=::::]
r::=-=

If

F RONT VI EW OF EXTERNAL FACE OF

GLAZ ING BAR

REPAIRS

Glazing bar

SI'LAY CUT

SPLAY CUT

In situ repair of eill to sash window

STEr

I'OSSJBL Y

INTRODUCED
JUNCTION

AT

BETWEEN

CILL ANO BOTTOM
RAIL (IF NOT
EXISTING)
JOINT BETWEEN NEW AND
EXISTING

T IMBER

FORMED

BElliNI) LINE OF BOTIOM
RAIL ( OR BEH IND LINE OF
ANTI-CAPILLARY

!I
IN

OUT
DECAY

lIMITEtl

DRIP,

WHERE T HIS EXISTS)

I
I

TO OUTER
SECTION
EXISTING

OF
CILL

'" "'H--

BRA SS SCREW FIXINGS
FROM INNER FACE

PRIME

... ND

UNDERCOAT

BASE OF NEW CILL
SECTION

BEFORE

FIXING

REBATE AT BASE OF CllL
FILLED WITH LIME MORTAR OR
MASTIC

FORMED FROM

BURNT

S... ND ... NO BOILED LIN SEED OIL
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REPAIRS

Outer lining of sash box

TIM~ER SlI rs ( ArrROX.

CUT SLOT TO PREVENT

WATER BEING TRA PPED

50 x6 MM EACH) CUT IN ANn

IlEIUNIl

GLUEI' ACROSS SrlA YEll AN n

IIEAO

UNDERCUT

SrLlCE.

ENSURE

SLlrs IX) NOT I'ROJECT INTO
SASH IlOX AS MOVEMENT OF

SASH WE IGIITS MA" BE FOULED

Oll

RELATIVelY
SOU l'll)

New

O UTER LINING

GLU E!) TO l'UllEY STILE
'J.'L_- AND PINNEll

I

SCREWED,

AND GLUED TO CILL

This type of repair can be carri ed o ur in~ s itu where th e sash box is no t
situated behind a rev ea l. An a lterna t ive repair is show n be low.

B RASS SCREW

FIX INGS

LENGTIl OF STErPED
AN D UNDERCUT SPLICE

AT LEAST TWICE THE
THICKN ESS OF THE SASH
BOX
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LINING

REPAIRS

Base of pulley stile

STAff BEAD AND
PARTING
SHOWN

D ECAYED A REA OF PUllEY

BEAI)

STILE REMQVED BY

REMOVED

CUTTING SAW LINES AS
SHO WN
REMOVE

rocKET

-------tt

WHER E PULLEY STILE IS
NOT HOUSED IN, A
HACKSAW

IN
DECAY AT BASE
OF PULLEY STILE

BLADE

SIIOULD

BE USED T O CUT THROUGH
'\

NA IL fiX INGS

- - - - 7 " "' ---':>t:

BE'f',I;'EEN

LININGS AND PULLEY STILE

BELOW LEVEL Of
rOCKET

OUT

PLAN OF SASH

R E-FIX

Box

POCKET

NEW SECTION Of
I'ULLEY STILE GLUED
AN D RE-WEIx:tED TO
REBATE IN CILL. OUTER
A ND INNER LININGS
SCREWED OR PINNED
(N ON-FERROUS ) TO
PULLEY STILE
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REPAIRS

Mullion window - general repairs

H ORNS O N IlEAl) ... Nt)

Cill BUILT INTO

, ,;,

,

-~-..:::;~

MA SONRY

GLAZING LINE FOR

LEAI)W

lIGiITS

DECA VEl>

TENON

PARTlI\L DECAY OF

-----l--W--t_--I-i

------i-~~"_

------I.L----.:"'-~4_"_

C i ll

TIMBER PEO FIXINGS AT
EXISTIN G

JOINTS

S LIP TEN ON

Mullion window - alternative repair to base of jamb or mullion

Th is typ e of repa ir is approp ri ate
wh ere the window is perfor m ing a

load;bea ring role and a simple splice
repai r ma y n o t be stro n g en o ugh. It

a lso ensures t hat morc of the internal

I
.~

PEG HOLES DR"WBOREn TO EN SURE A
TIGHT

JOINT

face (including mo uldin gs) o f the

ex ist in g mullion is re tained t han
would be rhe case for t he splice
illust rated above.
GLAZING
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LINE

REPAIRS

Sash and casement
mouldings

When replacing a moulded section of timber from an old window, it
is very unlikely that a matching moulding size and shape is available
from a timber merchant today. A small section of the original moulding
should be carefully stripped of any paint revealing crisp, clean edges
for an accurate mould to be taken. If the end section of the moulding
cannot be drawn round then an accurate moulding section can be
obtained using a template former.

Where only small quantities of moulded sections are required, it may
be uneconomical for a cutter to be made for a spindle moulding
machine. If this is the case a combination of special purpose planes
(mouldings planes) and a steel scraper shaped to the required finished
section can be used. New moulded sections should always be made
very slightly over,sized to allow for working back to the precise line of
the existing timber in a repair so avoiding the need to work the
original material.

Loose joints

Casements or sashes are often in sound condition but the joints have
he come loose due to the break down of glue and loose wedges. The
wedges will often be easily removable and will probably be unsuitable
for re,use. It may be necessary to remove some panes of glass for the
joints to be pulled together successfully.

It should be possible to apply glue to the shoulders of the tenon. This
can be achieved by working the glue down to the base of the tenon,
with a hacksaw blade or piece of card. Glue can then be applied to the
voids left by the removal of the wedges from the mortice. The joint
should then he pulled together and re,wedged.

Where opening of joints is combined with minor decay such that re,
glueing only will be inadequate, re,inforcement of the timber at the
joint can be achieved with a non,ferrous bracket (overleaf).
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REPAIRS

Loose joints

BRACKET LET INTO
STILE AND BOTTOM
- 1 1 - + - - - RAIL (PRIME RECESS
BEFORE FIXING

BRACKET

BRASS BRACKET FIXED
WITH
MINOR DECAY AND
LOOSE JOINT

BRASS SCREWS

-----~~__I
LENGTH OF BRACKET
SUFFICIENT TO GAIN Goon
FIXING INTO SOUNn TIMBER

BRAISED

JOINT

(FORMED .... T SAME
ANGLE AS UNDERSIDE
OF BOTTOM RAIL

--f.+--+---

BRACKET LET INTO (OR
FIXED ON SURFACE OF)

BRASS ANGLE BRACKET FIXED

TIMBER ON INNER FACE

WITH BRASS SCREWS

OF SASH OR CASEMENT

Small areas of decay

If localized pockets of decay are detected in their early stages and the
structural integrity of the window remains sound, the defective areas
can be scraped out and the remaining, sound timber treated with a
timber preservative that permits over~painting. Once the preservative
has dried out, the decayed area should be primed and built up with a
filler. Larger voids should be filled with a combination of a timber
patch (shaped to fill the void) and filler.
Traditional fillers (or 'stopping') were formed from a combination of
white lead paste and ordinary linseed oil putty sometimes with the
addition of chalk, sawdust etc. to give extra volume. 7 Of the modern
filler types,

two~pack

systems (e.g. epoxy resin or polyurethane type)

are generally more durable than
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ready~to~use

fillers.

GLASS

The inherent irregulariti es in h and-made C rown and C ylind er gl ass found in windows of
mid - 19th century and earli er contribute much to the li veliness and character of historic
build ings . Wi th the in ve nti on of drawn shee t glass and later fl oa t gl ass , glazing became much
more uniform a nd dull in appea rance.
C rown glass is irre placea bl e ( it is no lo n ge r ma nufac tured in large sh ee ts in thi s
co unu y) and is t hin a nd eas il y b ro ken. Th erefo re , ex trem e ca re sho uld be taken
[0

ilvo id dam age bo th dur ing gene ra l building wo rk s (es pecia lly inv o lving th e

erect ion of scaffold ing) and in the repa ir of ind iv id ua l windows. \V hen conside ring

t he met hod of repa ir, an assess me nt mu st be made befo reh and of th e q uality of

rh e glass. whet her or not it ca n be eas il y removed and wheth er th e repairs ca n
be carri ed o ut wi t h th e glass in ~s itu.

If it is n ecessary
det er io ra ted

[Q

[0

remove glass fo r t im be r repa irs, th e puny may h ave

sli ch a n ex tent th at it ca n be re moved by h and. Ot he rwise, an

orga ni c so lve n t pa in t st ri pper o r so ld e rin g iron ca n be used to soft en the putt y.

O th er methods of softe nin g include th e applica ti on of house ho ld bleach or a
mi xt ure of potass iu m ca rbo nate a nd q ui ck lim e in a 1:3 rat io ( by we ight ). In a ll
cases, ext reme ca re a nd pa tien ce are needed as num erou s app li ca ti o ns may be
requ ired to softe n th e p utty ad eq ua te ly.

Replacement glass

Repl ace ment glass sho uld be ca refull y c hose n to s imula te the effec t o f th e
o ri gin al glass bu t avo id mat eri a l whi c h is too rea m y o r o v e r~diston ed. In sash
windo ws, repl ace men t glass sho uld be of a t hi ckn ess (and, h en ce a we igh t ) to
ensu re t hat the sas h is correc tl y coun te rba lanced by its we ights.

Few sources o f new glass a re sa ti sfac to ry fo r repl ace ment in histo ri c wind ows.
H o rti c ulrura l ~g rad e

glass c an be suitab le and so m e o rdinary ~g rad e glass

man ufact ured in Easte rn Europe h as th e co rrect qu ali t ies, a lth o ugh th e supp ly
a nd flu ctu at io n in qua li ty are e rra tic.

O ri gin al glass, tak en fr o m a wind o w whi c h is d ecayed beyond repair, sh ould
a lways be kept fo r re~ use in repa ir wo rk elsewh ere within the sa me building.

Putty

R e~g l az ing

in t im be r sash es/case m ents sho uld be ca rried o ut in linseed oil putt y.

W h ere met al fi x ing sp rigs o r pins a re necessa ry, th ese sho uld be fi xed with a
sma ll ga p betwee n spri g and glass to avoid fracturing the thin, delicate glass .
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PRESERVATIVES

All preservatives have a limited effective life .. span. They are not a long term solution to
bad detailing, nor are they an alternative to regular maintenance. Preservative systems
should be carefully selected to ensure compatibility with paints, primers, glues and putty.
An applied preservative should be allowed to dry before carrying out repairs, reglazing
and re .. painting.
Methods of treatment

When used in repairs, new timber without a high natural resistance to
decay should be

pre~treated

by the supplier with a

double~vacuum

8

treatment using an organic solvent preservative. Existing timber
components removed from the window for repair can be immersed in
a preservative (also organic solvent type), after all the repair cuts have
been made. Where window components suffering from decay are to be
repaired

in~situ,

removal of the decayed areas of timber can be

followed by brushing preservative in multiple applications or by
smothering the affected area with an absorbent material (e.g. cotton
wool) soaked in preservative and covered with polythene sheeting. In
all cases, particular attention should be given to treating the end grain
of timber.
The use of boron rods (which work by emitting anti,fungal boron
when damp) should generally be avoided. Considerable damage
(including possible weakening of the joints) is inflicted on the window
by the insertion of the rods, and they provide protection to only a
small area of the wood for a limited period.
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PAINTING

Windows are painted both for aesthetic reasons and to give the timber a protective
coating. However, a poor paint specification or badly maintained paint will lead to
deterioration in the paint surface allowing water to penetrate into the body of the timber.
This will lead to swelling of the timber causing further deterioration of the paint finish
and a continuation of the cycle of decay.
This problem is best avoided by regular inspection and maintenance
of the paint surfaces. Complete stripping of a window is seldom
necessary; only loose and defective areas of paint, putty, filler, etc
should be removed. Essential stripping of paint can be achieved
successfully using an organic solvent stripper, although much patience
is required and care should be taken to clean the timber down
thoroughly after stripping. Defective paint can also be burnt off
(flame or hot .. air stripper) but this method should be avoided on
windows in .. situ (because of the dangers to the general building
fabric) or where glass is still in place. Precautions should also be taken
when burning off lead .. based paint because of toxic fumes. For the
same reason, only wet abrasive paper should be used when rubbing
down old paintwork.

Avoid stripping

Under no circumstances should windows (or any other joinery) be
stripped by immersion in caustic soda or other similar "acid bath"
treatments, as this will deform the timber and weaken the joints.

Drips and anti .. capillary grooves with accumulated paint layers should
be cleared, and any further repairs carried out before priming. Any
reglazing should be carried out after priming to minimise the risk of
absorption by the timber of the binding oil from the window puny.

Following the removal of paint, all accessible surfaces of the window
should be rubbed down (wet abrasive paper) with priming of exposed
timber surfaces and application of a minimum of one undercoat and
one finish coat. Concealed surfaces of timber (e.g. underside of cill,
interior of sash boxes) may be coated with primer and undercoat
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PAINTING

where they are made accessible during the course of repair. Some
timber components are left unpainted to allow the window to function
properly (e.g. the junction of the sash window pulley stile/sash stile,
which should be waxed to ensure an easy sliding action).

Choice of paint

Choice of paint is critical to the protection of the window from decay.
Lead,based paint systems (including primers) offer excellent
durability on most types of wood and are particularly effective for
use on partially degraded timber surfaces. However, their use is
banned except on exempted buildings. 9

Alkyd paint systems are those most generally in use on external
joinery. The elasticity required in paints applied to timber surfaces is
initially good in alkyd,based paints but this property deteriorates
with age and generally results in the need for re,painting much more
frequently than with lead,based systems. Alkyd,based primers are not
suitable for use on most hardwoods,where a metal,based primer
should be used.
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WARNING NOTE:
The use of pesticides

This pamphlet refers to the use of pesticides. The reader is
strongly advised to read Remedial Timber Treatment in
Buildings: A Guide to Good Practice and the Safe Use
of Wood Preservatives, before specifying and using pesticides.
It is published by the HMSO for the Health and Safety
Executive (ISBN 0 I I 885987) 199 I .
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PREFACE

This Technical Advice Note is part of an occasional series of notes on practical and technical
issues which arise in the care and conservation of historic buildings and monuments in
Scotland. They provide guidance on the principles involved in a particular issue and are not
intended to be used as prescriptive documents or as specifications on site.
The third in the series, this particular Note is designed to inform Historic Scotland staff and
others when considering proposals or requests to alter traditional sash and case windows or to
replace them with windows of modern design.
It was researched and written by Pat Gibbons with contributions from Robin Kent. The draw-

ings were prepared by Simpson and Brown Architects, with the help of Ventrolla and
Selectaglaze. The photographs on pages 8 and 9 were supplied by Simpson and Brown
Architects, who also supplied several other photographs. We are grateful to the Royal College
of Physicians, Edinburgh, and to all the other owners, for allowing their windows to be
photographed.

INGVAL MAXWELL

Director, Technical Conservation, Research and Education Division, Historic Scotland
July 1994, Edinburgh

SUMMARY
By considering the range of performance standards currently applicable to any type of window
and evaluating the performance of traditional sash and case windows against these standards
this Note concludes that:• Traditional sash and case windows can provide modem standards of comfort
and convenience
• Many existing sash and case windows require no treabnent other than good regular
maintenance.
• Where feasible, the upgrading of existing windows and the fitting of an effective
weatherstripping system is likely to provide the most cost-effective solution to
commonly occurring problems.
• Straightforward double glazing of traditional sashes is not in itseH a solution to most of
the problems. Effective weatherstripping is essential if performance is to be substantially
improved.
• The provision of weatherstripping in conjunction with secondary internal windows will
provide the highest standards of performance under all categories.
• Safety and security requirements can be met by original windows supplemented
where necessary by modem fittings.
• Where replacement of original windows is unavoidable, and suitable off-the-shelf replicas
are not available, initial costs of historically correct designs may be higher than for
other (unacceptable) types. However full life cycle costs in use for timber sash and case
windows are likely to be less than for replacement windows of other types and materials.

In the case of listed buildings, listed building consent is required where works would involve any
change in the appearance of a window. In the case of unlisted buildings within conservation areas,
please check with the Planning Authority. Some Authorities have sought greater planning control in
conservation areas by taking out Article 4 Directions. Where an Article 4 Direction is in place,
window alterations may no longer be classified as permitted development and thus require planning
permission. In such cases, the Authority will have a policy stating what may and what may not be
acceptable.
(Pl. 1) Original mid-eighteenth century sash and case window, repaired and redecorated. Great Drawing
Room, Duff House, Banffshire, by William Adam.
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PERFORMANCE STANDARDS FOR TIMBER SASH AND CASE WINDOWS

INTRODUCTION
Where sash and case windows are damaged or decayed beyond repair, or when applicants
wish to improve the windows' performance to meet modem standards, there is often pressure
for replacement with new units of a dilferent design and detail, on the mistaken assumption
that sash and case windows are not capable of meeting current performance standards.
This Note argues that it is possible to meet modem performance standards either by repairing
and upgrading existing windows or, where this is not feasible, by providing new sash and case
windows to the original design with improved performance. It summarises current performance standards for windows, and considers possible methods of achieving these standards in
sash and case windows while retaining the original materials, design and detailing.
The methods considered include draught stripping, secondary glazing, double glazing and
selection of ironmongery.
Correct diagnosis of problems is an essential prerequisite for any action. Before agreeing to the
alteration or replacement of historic sash and case windows it is important to establish need.
Many old sash and case windows perform satisfactorily and will not require any attention
beyond regular and adequate maintenance.
The performance of windows in general can be evaluated against a number of criteria:
1. Appearance, constructional detail and historic authenticity
2. Weather resistance (including air leakage, water penetration and strength).

3. Thermal performance
4. Sound insulation

5. Safety, security and convenience, and
6. Cost.

Proposals to undertake any work which could change the appearance of windows in listed
buildings or buildings in conservation areas should be subject to listed building consent.
Works likely to require consent include changes of material, moulding profiles, configuration
or operating method of windows and the provision of double glazing, secondary glazing and
insertion of ventilators in window sashes.
This Note does not cover technical issues of repair and maintenance of timber windows. It is
intended that separate advice will be available on this in due course. In the meantime readers
are referred to the publication Repair of Wood Windows issued by the Society for the Protection
of Ancient Buildings in 1991. That booklet refers specifically to English window designs and
allowance should be made for differences in traditional Scottish detailing and practice' when
translating its recommendations to Scottish situations.

(Fig 2.) Typical window furniture for timber sash and case windows
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Above; (PI. 2) Original sash and case
window s and unsuitable replacements: top floor timber pivot and
ground floor PVCu pivot, Edinburgh.

Left; (PI. 3) Inappropriate modern
timber pivot windows in a twentieth
centu ry tenement block.
Right; (Pis. 4-6) Several vernacular
sash and case windows, showing a
variety of designs. The central one
has modem 'horns'.
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1.

APPEARANCE

The appearance of a wall, and consequently of the building of which it forms a part, is greatly
affec ted by the number and size of openings contained within it and by the manner in which
these openings are arranged and detailed. Windows are therefore an important element in the
design of any building and contribute substantially to a building's ch arac ter. They are of particular importance when a building has been "listed" in recognition of its special architectural
merit or where it lies w ithin a "conserva tion area", In order to protect the appearance of such
buildings, proposals to carry out work which will alter the design, detailing, materials or
method of operation of the windows require very careful consideration.
Legislation requires a Planning Authority, in considering applications for consent to alter the
design of windows in listed buildings or in buildings in conservation areas, to have regard to
the advice and guidance contained in the Memorandum of Guidance on Listed Buildings and
Conserva tion Areas published by Historic Scotland in 1993. (See extrac ts at Appendix B)
On the grou n ds of appearance and historic authenticity Historic Scotland staff, Planning
Officers and Conservation Officers will generally recommend retention of the original windows or, where this is not feasib le, reproduction of the original historic detail.
Where possible, maintenance or repair rather than replacement is the preferred solution.
Where replacement is unavoidable, new windows must be fully operational sash and case windows, which faithfully reprod uce the original opening methods and details. Fac tors which
require particular attention include frame width, mouldings, astragal thickness and profiles,
the absence or presence of horns, the existence of original glass, and the detailing of associated
internal w indow joinery such as shutters, soffit and window breast panels and architraves. The
re-use of original window furniture or the provision of exact replicas is also important.
Alternative m aterials such as a luminium and PVCu cannot accurately reproduce historic
details and character, and are not acceptable for replacement windows in listed buildings or
buildings in conserva tion areas.
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2.

WEATHER RESISTANCE

The principal UK performance standard for windows is BS 6375 Part 11989, which defines performance standards for weather resistance. The highest exposure levels normally applicable to
Scotland involve testing to a design wind pressure of 2000 Pa, although tests may be carried out
to higher pressures where required.
Tests, carried out in accordance with BS 5368, Part 1, 2 & 31986, define standards for air permeability, watertightness and wind resistance (strength).
2.1

Air permeability

Various standards of performance are specified covering air permeability at a range of wind
pressures: Class A being the lowest, Class B the normal requirement and Class C high performance. Windows which will meet Class C for air permeability at design wind pressures of
2000 Pa and over can be considered to offer a very high level of performance. Existing sash and
case windows may be sound but badly fitting, thus allowing excessive air permeability
(draughts). They can be fitted with effective draught-proofing systems to bring them up to the
standards defined by BS 6375 under Class B or C.
Off-the-shelf or purpose-made sash and case windows to match original details can be fitted
with similar systems to achieve similar levels of resistance to air permeability.
Several Scottish firms produce or supply ranges of off-the-shelf sash and case windows including some which are acceptable as replacements in some situations. Some of these can be certified to meet the highest levels of resistance to air permeability (Class C) at design wind pressures of 2400 Pa.
BRE Digest 3191987 provides further information on air leakage through windows. Surveys of
wood casement windows, wood sliding sashes and wood pivot windows indicate that sliding
sashes generally have air gaps midway in the range between wood casements (worst) and
wood pivots (best). Air leakage through windows was found to account for between 5% and
60% (generally between 20% and 40%) of total leakage. For suburban houses a reduction of 0.2
air changes per hour, resulting in a heating saving of approximately 4%, could be expected if
appropriate draught stripping was fitted. (See also comments at section 5.4 Ventilation and
Condensation).
2.2

Watertightness

BS 6375 requires that there shall be no water penetration at a range of test pressures related to
design wind pressures for various exposure levels. Many well maintained sash and case windows are watertight without the need for further works. Where this is not the case the required
standards can be achieved by use of an appropriate weather-stripping system which effectively
seals the gaps around the edges of the sashes. It has been demonstrated that sound existing

(Fig. 3) Draughtproofing; Ventrolla System~. N.B. If the Ventrolla brush can be fitted into the parting bead
as shown, this will be preferable to replacing it with a plastic Ventrolla parting bead
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windows fitted with such systems can withstand water penetration in exposed locations in
accordance with the standards defined by BS 6375.
New windows made to the original design can be fitted with weatherstripping systems to
achieve the same levels of resistance to water penetration.
New sash and case windows are available (see paragraph 2.1 above) which meet the highest
standards defined by BS 6375.

2.3

Wind resistance (strength)

All sound sash and case windows meet the requirements for strength set out in BS 6375. They
have the additional advantage that their overall resistance to suction or pressure is not dependent on the ironmongery used, unlike casement or pivot windows.

6
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3.

THERMAL PERFORMANCE

There are no specific standards covering the thermal performance of windows. Their effectiveness is measured as part of the total building envelope. In general terms the Building
Standards (Scotland) Regulations 1990 control the relative proportions of glazing (either single
or double glazing) and solid wall to achieve the required overall thermal performance of a
building. In practical terms this is not normally a critical factor in traditional buildings with
sash and case windows.
Improvement in the thermal performance of sash and case windows can be achieved by:
3.1

Reduction in air leakage

Elimination of draughts will improve the overall thermal performance of windows. (See paragraph 2.1).
3.2

Provision of double glazing

Although the use of double glazing in traditional sash and case windows may reduce condensation on the glazing surface and improve thermal comfort it makes only a marginal contribution to their overall thermal performance.
Any proposal to incorporate double glazing in an existing or replacement sash requires very
careful consideration. Problems can be encountered with astragal detailing, with overall sash
thickness, and with the weight of sashes. Although some heavier section astragals can accommodate slim double glazing units without alteration, many original astragal profiles, including
those of Georgian windows, cannot do so. Currently available off-the-shelf double glazed
astragalled sashes are not accurate replacements for Georgian windows.
To accommodate double glazing within a sash of original overall thickness of approximately
45mm, a slim double glazing unit with overall thickness of no more than 12mm is required. A
more effective, wider spaced double glazed unit, with overall thickness of 20mm could require
sashes to be thicker than the original. This will impinge on detailing of internal window joinery such as shutters and soffit panels, and is therefore normally unacceptable.
The use of "stick-on" astragals in conjunction with one large unit of double glazing is seldom
visually acceptable, even if all detailing is an exact copy of the original profiles. Such proposals
require very careful evaluation.
The increased weight of double glazed sashes will require heavier pulley weights, wl:tich may
be difficult to accommodate within the existing case.
If double glazing is used, it is essential that the edge sealing strip is of a non-reflective material
preferably of the same colour as the window finish and that the original detail and profile of
the astragals are retained. Sandwiched astragals and stepped-edge double glazing units are not
acceptable.
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3.3 Provision of secondary
glazing (see Appendix A)
Internal secondary g laz in g can
make a contribution to the overall
thermal performance of sash and
case windows but its use must be
approached with caution to avoid
irreversible damage to historic joinery.
Although the maxim urn thermal
benefit of two panes of glass is
obtained with an air space of
20mm, this benefit is maintain ed
(but not increased) with the wider
spacing likely to be used in conjunction with secondary glazing.
Above 20mm thermal performance cannot be substantially
improved due to th e effec ts of
convection currents.

If the windows in question have
no associated historic internal
joinery, such as shutters or window panels, the detailing and fitting of internal secondary win dows gene rally presents no practical problems. They may be speciall y made or assembled from
standard components. Such windows might comprise frames
(PI. 7) Original nineteenth century casement secondary glazwith inward opening casements,
ing to sash and case window. Library, Royal College of
s li ding sashes or hopp e rs,
PhYSicians, 9 Queen Street, Edinburgh.
designed to suit existing joinery
details and loca te d immediately
inside existing sashes or at a suitable position within the depth of the window reveal.
To minimise the visual impact of secondary windows astragals, should not be used and
the meeting rails should be a ligned with those of the external window.

Where existing shu tiers or other joinery details would be affected by the installation of secondary windows more careful thought will need to be given to detailing and fixing. Individual
solutions w ill be required for each application.
To eliminate the pOSSibility of condensation on the inner face of the outer glazing a 'breather'
space should be provided to the outside air, and the inner window should fit as tightly as possible. Provided a good seal to the inside is maintained the thermal transmittance of the outer
8

PERFORMANCE STANDARDS FOR TIMBER SASH AND CASE WINDOWS

and inne r g laz ing comb ined
w ill be equal to th a t of a herm etically sealed uni t. In addition the overall performance of
the w indow will be su perior to
th at of a double glazed but o therwise traditional sash and case
window.
Second a r y w in dows s h o ul d
never be fitted externally.
3.4
Shutte rs, blinds a nd
curtains

Original inte rnal timbe r w ind ow shutters can provide effective night-time thermal performan ce and w h e re ex is tin g,
should be retained and repaired
for use, in preference to other
options. In some environments
the combination of single glazing fo r day tim e use s u pplem ented by timber shu tte rs fo r
n ig ht time o ffers be n efi ts in
terms of passive solar heating.
In a ppropri a te s itu a ti ons,
roller blinds, thermal blinds or
heavy curtains can p rovide a
Sig nifi cant improvem e nt in
therm al performance.
(PI. 8) Repaired eighteenth century window. with working shutters. Principal Drawing Romm, Royal College of Physic ians, 8

Queen Street, Ed inburg h. Rober t Adam, 17705.
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4.

3

INSULATION AGAINST AIRBORNE SOUND

BS CP 153 part 3 1972 summarises the effects of window detailing on noise control. The sound
insulation of windows can be improved by:4.1

Weatherstripping to seal air spaces

Air infiltration routes are the worst source of sound penetration. (See paragraph 2.1).
4.2

Increasing glass thickness

Increasing glass thickness produces an improvement in sound reduction. Successive increases
from 3mm to 6mm to 10mm each produce improvements of 5 dB. In large windows the extra
weight of thicker glass will require adjustment of the pulley weights.
Where original historic glass, such as crown or cylinder glass, is present, it should not be
replaced.
4.3

Fitting secondary glazing

The installation of a secondary window (as described in paragraph 3.3) can improve sound
reduction by as much as 30-35 dB, provided the inner sash is at least 50mm inside the line of
the outer glazing and the outer window is weatherstripped. At distances of less than 50mm
benefits are reduced and at less than 20mm no significant benefit is achieved. (It is apparent
therefore that simple double glazing within a single window structure will not significantly
improve sound insulation).
4.4

Providing sound absorbent linings

In extreme situations where it may be necessary to achieve even higher levels of sound insulation consideration may be given to the fitting of sound absorbent linings to the space between
outer and secondary (inner) windows.
4.5

Adjusting resonant frequency of the glass

If noise of a specific frequency is a particular problem glass thicknesses should be selected to
avoid glass with a resonant frequency similar to that of the intruding noise. It is recommended
that there should be a difference of at least 30% in the thickness of glass in primary and secondary windows.

(Fig. 4) Simplex fittings

10

Pulley

Parting

Bead

Parting
Bead

Ii

!
Gla5s
Stile

---tt---#--~f-f.+-II~I---\

eaton Rod

I
L...

Sash COrd----------lIV..I

Oculi at Pulley/Cord ClutCh

, I
I

I

W

J;

~~;

Meeting ~alll_+II_-+Ht'l%--l1\\4

Knot

Holder

Meeting rad chec~ed
to accept knot holder
and sash cord

I

I

Meeting ra~ chec~ed and screw
fitted to accept cord grip
De~1I

~~CU

tJaton rod fixed

at MeetinG Rail

,v· -,
I'.

1\
I

Lower section of _ _......~
tJatonrodh~

\

\

, '

'r"'1
I

I
I
HJnee---~

Internal Elevation of Window

eaton ~od Screw

I
I
'....

HInGed eaton Rod

I

Sirrplex Fittings or HingeS allow the lower sash to open inwards for

I

cleaning and maintenanCe: the baton rod - shown here on the ~ht
hand - side i5 either removed c~letely or hinged open and the lower
sash raised so that the screws can be slotted into the top of the

I
'",.)

" ......,

Simplex Hinge: the sash cord on the right hand side: is ten1'Orarily
removed from the meeting rail and held in place by activating the cord
clutch fitted "elow the pulley. The window can then be opened to 90·

Removable eaton Rod

'ChubtJ' Locking Window Stop
Secures a Sa5h window while

Parting Bead -+---+1

5ackplate - - •

allowinG 'Pace for ventIlatIOn
This prevents easy acee55
from the outsIde and also acts
as a child safety device. The
tey bolt prevents the window
I1eI1l9 opened l:Ic:yond the stop.
The locking stop 15 fitted to
each side of the stile.

:\
.~

"~

~

'ClUtllocting

,

~~--~~--~~~---~--~~W~S~

;
I

'C~'

I

D\.IaI 5c rew

(-~

Sash
TI'uTV Screw

Meeting
Rail for
lower
Sash
Meeting

Rail for
Top Sa5h

Wcet5' Sash Stop

1

lmits the opening of the
lower sa5h while allowing
space for ventilation. This
prevents easy acce5S from
outside and .1150 actS as a
child safety device. A sa5h
stop is fitted to each side of
the stile with the stop plate
pulled forward and secured at
right angles when in use.

Internal Elevation

'-~~-------Glass

I-..:......~+---++-

'Ctub' Dual Screw
Prevents the window from
~ ope!'le4 from outside
by an intruder breaking the
glass and relc:a!ing the
fastener. The brass barrel
screws iI\u) the frame and
the key-operated steel bolt
screws throueh both the
barrel and the frame. On
large wind0w9 two dual
SCrew5 should be fitted.

Meeting Rail for
lower Sash

Meeting Rail for
Top Sash

Sash Thn Screw
Provides additional
security by fastening the
mc:eting rails together.

Sash TIumI1 Screw
'Chubb'DuaI Screw

PERFORM ANCE STANDARDS FOR TIMBER SASH AND CASE WINDOWS

5.

SAFETY, SECURITY AND CONVENIENCE

5.1

Cleaning

The
Building
Standards
(Scotland) Regula tions, 1990
require that all windows of new
buildings in domestic occupa-

tion and existing buildings
where there is a change of use
involving domestic occupation
should be accessible for cleaning
from the inside in accordance
with the recommendations of BS
CP 153 part 11969. Windows in
other types of building may be
cleaned externally from a ladder
up to 9m high with appropriate
safety precautions being taken.
If the lower sashes of traditional
sash and case windows are fitted with the 'Simplex' hinge system both sides of the glazing can
be cleaned from inside, and the
outer face of the upper sash normally can be cleaned within the
safe reach of 510mm upwards
and 610mm downwards, as recommended by BS CP 153. If the occupants of the building feel
insecure with this arrangement the simple provision of properly secured and regularly tested
eyebolts in a suitable location inside the room can provide complete security when used with a
safety harness. This approach is particularly appropriate in premises where employees or contractors may be required to clean windows. In loca ting eyebolts care should be taken to avoid
damage to original joinery: the floor is often a suitable position, but care should be taken to
anchor into a joist. If the weight of sashes to be carried on Simplex hinges is considered to be a
problem additional safety support can be provided by a detachable tension line running diagonally from the frame to the upper free corner of the sash.
5.2

Safety

To satisfy the requirements of the Building Standards (Scotland) Regulations 1990, existing sash
windows in buildings that have changed use, and new windows, may need to comply with BS
6262:1982, Code of Practice for glazing buildings, (due to be revised in 1994). This should not
be a problem for traditional sash and case windows with panes of widths less than 250mm and
areas less than 0.5 square metres, in which the existing glass may be retained.

(Fig. 5) Security fixings for timber sash and case windows.

13

HISTORIC SCOTLAND TECHNICAL ADVICE NOTE 3

Where the panes are less than 800mm from the floor, it may be necessary to increase the thickness of the glass to 6mm or to provide safety glass. However, historic glass may be retained
even in these positions if suitable internal screening is provided by railings or similar means of
protection, painted so as not to be visible externally.

S.3

Security

Ironmongery systems are available for sash and case windows which enable secure locking to
be achieved through the sash meeting rails and into the side frames. Adjustable secure stops
can be provided to prevent top or bottom sashes being opened beyond a predetermined point,
thus providing security against illegal entry, or against a child opening the lower sash and
falling out. The same standards of control and security can be achieved with sash and case
windows as with other window types.
Wherever possible original ironmongery should be retained in-situ, even if it requires to be
supplemented by fittings offering a higher degree of security.
5.4

Convenience

Sash windows themselves have a number of significant advantages:The degree of ventilation can be controlled far more precisely than with pivot, sliding tilting, or
casement windows.
They do not project beyond the outer face of the building facade when open thus avoiding dangers of accidents to pedestrians at ground level.
Because they do not project at an angle to the building they avoid the problems of reflected
sound from outside, or even from other parts of the same building reflected out and then back
in through windows projecting in proximity to one another. (This has been significant problem
where sash windows have been replaced by windows of other types in flatted properties).
The operation of sash and case windows within a single vertical plane allows the fitting of
other items - such as blinds, curtains and shutters and their convenient use even when the window is open.
The provision of other fixed components such as secondary windows, internal or external security bars, grilles etc, is possible without inhibiting the operation of the sash and case window.
The construction of traditional sash and case windows allows the individual components to be
repaired or replaced as necessary, without the need for total renewal of the unit as a whole.
Modem timber or PVCu window units require replacement of the whole unit if they become
defective).
~'")
..

(Fig 6.) Permanent and trickle ventilation.
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s.s

Ventilation and Condensation

Modem domestic life produces more water vapour in the house, and reduced air circulation
and ventilation slow its dispersal to the outer air.
The closing up of fireplaces and flues, and the provision of well fitting replacement sash and
case windows with full weatherstripping will increase the risk of condensation. With single
glazed windows condensation appears first on the inner face of the glass, which is generally the
coldest surface in the room.
Although the provision of double glazing or secondary glazing may apparently reduce the
problem, unless adequate ventilation is provided the condensation will merely be transferred
to some other part of the structure, perhaps less visible and hence more vulnerable to dampinduced decay.
The Building Standards (Scotland) Regulations 1990 require the provision of trickle ventilation
in new buildings or in some cases in the change of use of an existing building. This requirement will apply very rarely to existing or renewed windows.
Even where trickle ventilation is required ventilators should never be inserted into historic window sashes. In such situations it may be possible to position ventilators in the pulley stiles of
the window case, or to provide ventilation by other means such as use of redundant flues. In
replacement sashes it is possible to locate ventilators unobtrusively in the meeting rail. The fitting of ventilators in the face of the top or bottom sash rails is particularly unsightly and should
be discouraged.
Installation of gasfired appliances may require the provision of permanent ventilation.
Permanent ventilators can be fitted in similar ways to trickle ventilators, or the top sash can be
blocked down to provide the required air gap.
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6.

COSTS

Repair and maintenance costs for particular elements of historic buildings, including windows,
can sometimes be in excess of modem alternatives. Nevertheless the cost factor alone is not
sufficient to justify an otherwise unsuitable replacement.

6.1

Upgrading existing windows

Old windows were frequently made from better quality timber than is now used. Where existing windows are in themselves sufficiently sound, a full overhaul and repair and the fitting of
an effective weatherstripping system will cost considerably less than replacement with any system of new windows, and is always preferred for conservation reasons. In many instances this
treatment will be all that is required to bring performance up to an acceptable level.

6.2

Replacement with new off the shelf timber units

Initial costs for replacement with modem design off-the-shelf window units are generally lower
than for one-off sash and case windows of traditional design. However, sash and case windows
are likely to last longer.

6.3

Replacement with purpose made matching sash and case windows

This is generally, but not always, a more expensive option than replacement with windows of
modem design but it is frequently necessary where standard ready made units do not provide
an accurate replacement.

6.4

Provision of secondary windows

The costs of secondary windows will be in addition to costs involved in repair or upgrading of
the original sash and case but this course of action can enable the original sash and case window to be retained, whilst upgrading overall performance.

6.5

Costs in use

In modem timber windows, whatever their design, standards of workmanship and durability
of materials vary between manufacturers rather than between window types. Selection of suppliers for replacement windows should therefore take account of the quality of product available. Criteria will include quality and seasoning of timber, method of preservative treatment,
appropriateness of detailing, effectiveness of paint treatments and quality of fittings.

Sash and case windows have the advantage that where necessary individual parts can be
replaced without replacing the whole unit. Traditionally constructed windows are more accessible for maintenance and repair than a new boxed-in unit, for which the future supply of spare
parts cannot necessarily be guaranteed.
Finally there is growing evidence that unsympathetic window replacements, particularly in
conservation areas, can reduce the market value of a property.
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6.6 Cost to the Environment
Traditional sash and case windows were usually constructed in good quality softwoods, rather
than hardwoods. Retaining and repairing them, or if necessary replacing them, using quality
matching softwood from sustainable sources, is a responsible way to minimise the cost to the
environment

(Fig 7.) Secondary glazing: SelectglazeCvertical sliding unit.
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APPENDIX A SECONDARY GLAZING
Secondary glazing involves the provision of an independent internal window in addition to the
existing (or renewed) traditional sash and case window. If shutters (or other internal window
joinery) are present careful thought needs to be given to design and detailing and a certain
amount of ingenuity will be required to achieve an acceptable solution. Each situation will
require an individual solution and the undernoted suggestions should be regarded only as a
starting point for further thought.
1. Occasionally internal secondary glazing was incorporated as part of the original
design. In appropriate situations where new shutters and window joinery are to be
provided a similar solution may be adopted, either in the form of timber sashes or case
ments, or a modem system such as that described below. Astragals should not be
used within secondary windows. Even where they are lined up in elevation with the
original astragals they produce a disturbing double image in perspective.
2. For smaller windows where shutters are not present, the problem is relatively simple.
Any of a variety of purpose made or standard fittings could be used - ie timber frames
with casements, hoppers or sliding sashes designed to suit existing joinery details, and
located immediately inside existing sashes or at a suitable position within the depth of
the window reveal, being fixed either to the case or the surrounding framework of the
ingoes. Care needs to be taken to avoid ironmongery interrupting the glazing plane,
and to keep inner frame dimensions within the dimensions of existing members to
reduce visual intrusion.

3. Where shutters exist and it is considered acceptable to sacrifice their function but retain
them for visual reasons, then the secondary window can be located behind the existing
sash and case window by fixing directly onto the shutters, sill boards and soffits. It is
important that shutters themselves are not altered and are able to be brought back into
use in the future if secondary glazing is removed.

4. Another solution which has been successfully employed where dimensions allow is the
use of a metal or plastic sliding system in place of, or fixed directly onto, the baton rod.
Using this method it is feasible to provide an inner window of two sliding panes with a
draught-stripped junction, which serves the purpose of the original baton rod in retain
ing the lower sash in place. This method will normally require the removal of lifting
bars or sash pulls.
The meeting rails and frames of secondary windows should be as small in section as possible to
allow them to be disguised behind existing rails. Painting their external faces black helps to
minimise visibility from the outside. Where necessary, detailing of internal secondary windows must allow for the use of Simplex hinges on the lower sash of the original outer window.
Carefully detailed secondary windows provided with compressible sealing strips around the
frame will significantly increase both thermal and sound insulation but the penalty could be
the need to accept alteration of the internal appearance of the window ingo, and pOSSibly modification or removal of some ironmongery.
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APPENDIX B MEMORANDUM OF GUIDANCE ON LISTED BUILDINGS
AND CONSERVATION AREAS

In what way may the character, appearance and architectural merit of a building be affected by
inappropriate window alterations? Is the work necessary? Could it be carried out in some
other, less damaging manner? Such questions are not always easily answered. To assist planning authorities in their consideration of applications which cover such work, Historic Scotland
provides information and offers detailed advice in Appendix 1 of the Memorandum of Guidance
on Listed Buildings and Conseroation Areas, the relevant sections of which are given below.

1.2.0

Openings: Doors & Windows

1.2.1

General

As a general rule, original doors and windows should be retained. Where these are
in poor order, this may well involve considerable repair work, but repair is almost
always cheaper than replacement and is certainly the historically correct solution.
Only where repair is clearly out of the question should replacement be accepted, and
then only on condition that the replacements match the originals in every respect.
Any application to carry out such work must be accompanied by detailed drawings
which clearly indicate that this will be the case.

The original proportions of door and window openings must always be retained: otherwise the architectural integrity of the building will be severely compromised.
Proposals to increase the glazing area by removing stone or timber mullions which
form the divisions in bipartite or tripartite windows should therefore never be given
consent. Although each case must be considered on its own merits, it is not normally
possible to convert a door into a window. The difference in the dimensions of the
two types of opening means that it is difficult to produce a window the proportions
of which do not look noticeably wrong. It is generally always better to leave the door
in situ and to glaze part of it in a suitable manner if the need for light can be proved.
Retention of the door shape and associated detailis particularly important where the
door is the central feature of the elevation. Doors in street frontages, even though no
longer used, should be retained, as buildings with no obvious means of access invariably look wrong. Applications to insert additional windows in original symmetrical
or well balanced elevations with a high proportion of wall to window should always
be refused, as should the blocking, in whole or in part, of original openings. In
instances where additional windows are considered to be acceptable care should
always be taken to ensure that these match the original windows in all respects: many
otherwise tactful window insertions are spoiled by having sill or lintel levels which
differ slightly from the original openings. Correct detailing of new door and window
surrounds is also very important: projecting sills, for example,are often used where
not appropriate. It is also important to achieve a correct surface finish to the timber:
paint is appropriate, stain or varnish in most cases is not.
Any modem windows which are badly proportioned, of the wrong type or incorrectly glazed should, whenever the opportunity arises, be restored to the original proportion and detail or, if a later insertion, built up in matching masonry. When proposals
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to reinstate the original window pattern or insert additional windows are submitted,
the drawings and specifications must make the form and detailing of the new fenestration absolutely clear. External secondary glazing should always be refused. Doors
and windows in new small-scale extensions are usually best designed to match those
of the main building (see also 4.0.0) although some latitude can be accepted in well
concealed areas without architectural quality.

1.2.2

Doors

The original woodwork should be retained wherever possible, or reproduced exactly.
Where the original door or framing has been lost, efforts should always be made to
achieve a replacement which is appropriate to the property and correctly located in
relation to the face of the building: this is especially important in the case of unified terraces. Similarly, original door furniture should be retained: where this does not survive, encouragement should be given to the replacement of modem fittings with items
appropriate to the period of the building. Neighbouring properties of similar date and
style will sometimes provide a guide if photographic evidence or original drawings are
not available. Decorative fanlights should always be retained and repaired as necessary. Replacement doors which are made of hardwood with a stained or varnished finish, and those which incorporate asymmetrical elements, integral fanlights, or inappropriate glazing or panelling patterns should not be given consent. Proposals to position
a door either less or more deeply recessed in the door opening than the original should
be refused.

1.2.3

Steps, platts and f1yovers

These should always be retained, even though the doors they serve are no longer in
use, unless they are modern and the result of some relatively recent subdivision of the
building. Steps and platts should be repaired in natural stone which matches the
colour, profile and dimensions of the original: the use of artificial compounds to build
up worn steps or of coating materials to stop water penetration should not be considered . The detailing of balustrades and associated items such as urns, finials and lamp
standards, and of railings and lampholders should be strictly respected: where there
have been inappropriate modern replacements, efforts should be made to determine
the original detailing and reinstatement encouraged. Arched fly overs should be
repaired or re-erected as necessary in natural stone and never replaced in modem
materials: proposals to infill the area under flyovers to provide additional accommodation should not normally be given consent.

1.2.4

Timber sash windows

General
Timber sash windows have a very long life if adequately maintained. Many are over
100 years old and some are as much as 250. Original sashes, especially those where the
crown glass survives, should be retained if at all possible. Those which are defective
are often capable of repair, and this is always preferable to replacement (and invariably
cheaper). Modem draught-stripping systems are available which now make it possible
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to deal quickly and effectively with windows which rattle or are draughty: double
glazing in itself does not eliminate draughts and is not cost-effective in terms of heat
conservation. Original sash fittings should also be retained: where there have been
inappropriate modem replacements reinstatement should be encouraged. Modem substitutes for timber sash windows should be firmly discouraged, especially those which
do not replicate the outward projection of the upper sash over the lower. Top-hung
mock sash and case windows may look reasonably satisfactory when closed but are as
disruptive of the original character as any other when open. Care should be taken to
ensure that replacement windows are fitted in the same plane as the originals, are
made up of timber sections the profile and dimensions of which match the originals,
and have the meeting rails in the same position as the originals: this is especially
important where the windows of only one property in a tenement or terrace block are
being replaced.
Astragalled sashes
The proportions of the sashes are always carefully thought out and relate both to the
size of the window opening and to the glazing pattern within each sash. The original
proportions and glazing pattern should always be respected even if these vary from
adjoining buildings of similar style and date. In a composite building which exhibits a
variety of window sizes and glazing patterns, no attempt should be made to standardise the fenestration as the differing pane sizes and astragal profiles are important evidence of the building'S history and contribute to its character and interest. Consent for
replacement windows which reproduce the astragal pattern but open in a different
manner should always be refused, as should consent for those where the astragals are
stuck onto the surface of or sandwiched between the panes of double glazing. Where
there is no alternative to replacement, it is important that the astragals replicate the
originals in all respects. The upper sashes of original Georgian and early Victorian windows never have horns and neither should replacements of these: horns do however
appear on some late Victorian and Edwardian sashes. Where the original glazing, usually crown glass, survives, every effort should be made to retain this or to salvage it for
re-use, as modem plate glass is incapable of reproducing the sparkle created by irregularities in the surface of the earlier material.
Unastragalled sashes
The techniques for producing plate glass were developed in Fran\.e in the 17th century
but the manufacture of the material did not begin in Britain until the 1830's. Relatively
expensive at first, plate glass was reserved for use in principal rooms: astragalled windows, making use of smaller, cheaper panes of crown glass, will often be found at this
period in service areas and to the rear of the same building. By the 1860's plate glass in
a single sheet in each sash was the norm. In late Victorian and Edwardian buildings it
was conunon for windows to incorporate a single pane lower sash and an astragalled
upper sash, an arrangement which should be respected or restored as necessary. Old
photographs, where these exist, can be of great help in identifying the correct window
pattern
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Reinstatement of astragals
Where there is either photographic or physical evidence that astragals have been removed it
will often be desirable to encourage their replacement: where this is done great care should
always be taken to identify and replicate the original profile and dimensions of the astragal.
Sometimes, however, the removal of the astragals and installation of plate glass may relate to
later interior work of particular interest which should be left undisturbed. Caution should also
be exercised where the plate glass windows indicate the later completion of an earlier scheme
and thus form part of the history of the building.
1.2.5

Casement windows

Inward opening casement windows are occasionally found in late Georgian and early Victorian
buildings. They are relatively rare and therefore their retention or identical replacement should
be a condition of consent. Metal casements with patterned glazing in diamond, octagonal, circular or other geometric shapes are more common: these are usually the most distinctive feature of the building and should always be retained. The metal or leaded glass casements to be
found in buildings of the Arts and Crafts movement are similarly an important constituent part
of the architectural character and should not be replaced by plain glass or any other form of
glazing.
1.2.6

Blocked and dummy windows

The re-opening of blocked windows should be encouraged where this will reinstate the intended elevational treatment of the building. It should not be permitted, however, in cases where
the blocking up took place during alterations to the structure and where the earlier window
openings consequently no longer relate to the present elevational form of the building. It
should also not be permitted where later interior work of quality would be disturbed.
Dummy windows are usually an integral part of the design and where this is the case they
should always be retained. They may take the form of dummy glazed timber sashes or stone
panels. Where such windows are to be restored or repaired it is important that they are correctly recessed in the wall and stepped at the level of the meeting rails of the other windows: in the
case of dummy sashes, the profile and detail of the other windows should also be reproduced.
It is seldom desirable to open windows which have always been dummies and this should only
take place if there are the most compelling reasons for doing so.
1.2.7

Stained or decorative zinc-framed or leaded glass

Stained glass or decorative zinc-framed or leaded glass in doors, fanlights and windows in 19th
and early 20th century buildings is often an original feature or an early embellishment and
should be retained. In buildings of earlier date the later insertion of stained glass may sometimes have been to the detriment of the original design: whether in such cases the glass should
be retained depends very much upon its quality and is a matter for careful consideration.
Churches can be the cause of particular problems in this respect. Those in use are currently
exempt from listed building control (but see 3.2.0 regarding possible changes in the legislation):
however, those which have been secularised are subject to control. Georgian classical or "heritors" Gothic churches always suffer marked loss of quality where stained glass or "cathedral"
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(diamond paned leaded) glazing has been inserted: where there is evidence of the original
astragalled glazing pattern, encouragement should be given to its restoration unless the later
glass is of definite artistic interest. In late Georgian and early Victorian churches zinc-framed
glazing, usually lattice but sometimes in geometric patterns, was more common than lead.
Although superficially similar, the zinc carnes create a more sharply defined pattern than
lead which is invariably very much part of the character of the building: for this reason the
zinc should not be removed or replaced by leaded or other more modem forms of diamond
paned glass. The stained glass in churches which have mullioned and traceried windows
designed for its display should be kept in situ wherever possible. Where this is impracticable,
or where its retention would prejudice the survival of the building, arrangements should be
made for its recording, and in those cases where the glass is of particular artistic merit its
careful removal should be a condition of consent. In Victorian and Edwardian Gothic revival
churches wrought iron saddlebars are sometimes an important element in the design and
should not be removed.
In all cases where the removal of figurative or armorial glass is proposed the advice of Historic
Scotland's Area Inspector should be sought.
1.2.8

Industrial windows and openings

Industrial buildings exhibit a considerable variety of window types, depending upon their age
and function. The windows are often the building'S most distinctive feature. While the perforated metal panel and louvred openings in tanneries and agricultural buildings present obvious
difficulties on change of use, the original window type should be respected wherever practicable: where this is not possible the glazing pattern at least should be reproduced. Where, as is
often the case, the present glazing pattern is the result of refenestration after 1945, old photographs may enable the original pattern to be established. Horizontally pivoted and metal
framed windows should not be discarded without researching the building's history as they
may be original and early examples of their kind. The manner in which the window opens is
often as important as its appearance. There may be several different types of window within a
single building reflecting the different amounts of natural light and ventilation required in different rooms: these variations contribute greatly to the interest of the building and should be
respected.
1.2.9

Early modem metal windows

Galvanised metal-framed casements were introduced in the mid 1890's and were initially
used only in large blocks of business chambers and public buildings. Early examples,
invariably found on lane or internallightwell elevations, are scarce and thus important.
From the later 1920's, galvanised steel-framed windows with long, horizontally proportioned panes became a characteristic feature of Modern Movement houses and public,
commercial and industrial buildings. If these are removed and replaced in a material less
prone to corrosion (sometimes a requirement in order to receive a building society loan)
much of the building'S architectural merit can be lost. Consent to replace distinctive early
modem metal-framed windows with new units of different design should be refused.
Windows which replicate the original design and are manufactured from more durable
materials are now available.

25

1.2.10 Door and window fixtures
Original door fixtures such as lampholders and bootscrapers should be retained. Window fixtures such as cast- or wrought- iron balconies, horti fenestrales (Wardian cases or terraria),
glass canopies and side screens, and small balcony conservatories of Victorian or Edwardian
date all contribute greatly to the interest of the building and should be retained. Particular care
should be taken with external shutters. These are often inappropriate modem embellishments,
the removal of which should be encouraged, but a few buildings, including some 18th century
churches, will be found to have had external shutters from their original date of construction.
In the 18th century these were presumably provided for security in times of unrest, but in the
early 19th century there was a fashion for shutters with adjustable louvres (persiennes) of
which relatively few examples now remain. Original shutters should always be retained and,
even where the shutters themselves have disappeared, any crooks which remain should be
retained as part of the history of the building. The windows of some late Georgian houses were
provided with external blinds. Blind boxes which survive should always be retained and reinstatement of the blinds in a historically correct form may be possible: blinds should never be
permitted where there is no evidence that they previously existed.

1.2.11

Modem forms of window and glazing

The appearance and character of any building depend to a great extent upon the design and
detailing of two of the building's principal elements, its walls and its windows. Any alteration
to the form of one or the other is bound to have a considerable impact upon the appearance of
the building as a whole: where the alteration work is not appropriate, much of the quality and
character of the building may be lost. Consequently, proposals to carry out such work always
require listed building consent.
The damage which may be caused by the replacement of any window which is historically and
architecturally correct with a modem unit made from a different material, to a different design
or with a different method of opening is potentially immense. The impact of such inappropriate
refenestration may, in the case of a building within a conservation area, be felt well beyond the
building itself. Any proposal which will result in a diminution of architectural quality, no matter how small, should be refused.
One of the commonest problems is that created by the misconception that traditional timber
sash and case windows are incapable of meeting modem performance standards. This gives
rise to frequent requests to replace such windows with other forms of unit. It is, however, usually possible to meet the required standards, at reasonable ~ost, either by upgrading the existing windows or by providing new sash and case units to the original design with an upgraded
spe<;ification. Historic Scotland has produced a Technical Advice Note which provides further
details and includes information about secondary glazing.
Where a traditional timber sash and case window has to be replaced, it is not sufficient that
the new unit opens in the same way. The replacement must match the original unit exactly in
all respects (see also 1.2.4). This is particularly important where the window is in a principal
elevation, and should be made clear upon the drawings accompanying any proposal to
replace. Where this will not be the case, consent should not be given for the work.
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Most replacement units, whether manufactured from timber or from other materials such as
upvc, employ heavy, unmoulded sections and lack authentic astragals. They lack the refinement and elegance of the traditional sash and case, and are consequently not convincing substitutes: they should therefore be avoided. Replacement windows which open in a different manner are never visually satisfactory. Very occasionally, the installation of a window which differs
from the original may be considered acceptable in an enclosed rear court or area where the
window pattern has already been much altered, but only where no surviving internal work of
quality will be affected by the work.
Proposals to use wired glass (other equally strong unwired substitutes are now available),
obscured glass, louvred glass or extract fans in windows on main elevations should be refused
consent. Every effort should be made to provide permanent ventilation, where this is required,
without the need for ventilators cut through the glass or slots cut in top or bottom sash rails.
1.2.12

Shopfronts and commercial frontages

Shopfronts of definite quality should always be retained. Good examples of Georgian,
Victorian, Edwardian and inter-war shopfronts are now scarce and should be very carefully
safeguarded. Only in cases where sufficient evidence surviv~s to enable the restoration of an
earlier, even finer frontage, whether domestic or commercial, should demolition be permitted:
in such instances all good quality decorative materials should be salvaged and stored for re-use
elsewhere. Even a modem shopfront of good design which relates well to the building as a
whole should not be lightly discarded, especially if a replacement of lower quality is proposed.
Where original details such as pilasters, capitals, console brackets, entablatures or cast-iron
columns are found to survive beneath modem cladding materials the original shopfront may
be at least partly recoverable: even if only the cornice survives, this should be retained as a
valuable architectural line of demarcation between the shopfront and the facade above.
Similarly, stallrisers are important as they contribute to the traditional balance of a shop front
by providing a solid base for the display window: good original examples in stone, timber, tile,
iron or toughened glass (such as "Vitrolite") should not be removed or altered. The stallrisers
and door reveals of some premises, such as those occupied or formerly occupied by dairies,
fishmongers and butchers, contain decorative tilework pictures of high quality relating to items
obtainable within: these are now rare and should not be removed. Original shop interiors are
also rare and it is important that any good features which survive, such as decorative tilework
of the type described above, should be kept wherever possible: where this is not feasible, they
should be offered to a local museum or recorded photographically.
Where replacement of an unsympathetic modem shopfront is propo.sed, a more sympathetic
design should always be sought: the opportunity should be taken to remove the fascia where
this is excessively deep and encroaches upon the first floor facade and to restore this feature to
an appropriate depth and height. Continuous plate glass shopfronts which do not provide any
visual support for the wall above should be refused, as should shopfronts which straddle different parts of the same building or, worse still, two separate buildings without acknowledging
the architectural and structural divisions above. Inappropriate modem materials should not be
accepted. Proposals to extend shop fronts across original doorways or pends which provide the
main access to upper floors should always be refused: under- or un-occupied upper floors are
an inevitable consequence of access difficulties and lead to lowered standards of maintenance
or complete neglect.
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Good early lettering painted or etched on fascias, windows and doors should be retained wherever possible, as should high level lettering where this is an original or early feature. Good
examples of trade emblems such as chemists' mortars and fishmongers' carved wooden fish,
which were common until recently but are now becoming rare, should also not be lost. New
lettering should always be carefully designed to respect the character of the building and
should never be above shop fascia level: traditional hand-painted lettering by sign-writers
should be encouraged.

The number of projecting signs should be carefully controlled. Cash dispensing machines
should be placed in existing openings and never in new slappings which cut through architectural features. Extema11y mounted roller security shutters are a major disfigurement which
gready diminishes the character and appearance of any building and should not be given consent: alternatives, such as removable external grilles or ''brick-bond'' internal shutters, should
be considered. Traditional sun blinds are always more appropriate than the modem 1/canopy"
types. Light fittings and all cabling should be unobtrusively fixed to the building and care
taken to avoid damage to any stonework. See also 1.1.16 and 1.7.5.

1.2.13 Alteration of shops to other purposes; restoration of original ground floor
facades
Where shops are origina1 to the building and have good quality fronts of late Georgian,
Victorian or Edwardian date which contribute to the architectural quality of the building as a
whole, they should remain in use as such wherever possible. Where, however, conversion to
domestic or office use has to be accepted, the work should respect the existing shop front
although this may present considerable difficulties in the case of late Victorian and Edwardian
fronts with very large areas of glazing. If the shopfront is known not to be original, it may in
some instances be acceptable to dismantle it for re-use elsewhere and, where reliable evidence
exists, to recreate an earlier front which will more readily accommodate the proposed new use.
Where such evidence is lacking, some indication of the original ground floor treatment can
often be found when the later shopfront is removed.
The enlargement of windows in architecturally treated ground floor elevations of commercial
premises and of windows in domestic property now in commercial use should always be firmly resisted as this would invariably lead to a substantial loss of architectural quality.
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APPENDIX C: FURTHER INFORMAnON

Advice on craftsmen and specialist joiners able to repair historic sash and case windows can be
obtained from the Historic Scotland Conservation Bureau, 3 Stenhouse Mill Lane, Edinburgh
EHl13LR, Tel 031-4431666.
The following information on suppliers etc is provided in good faith but the inclusion of any
particular firm, individual or product does not imply endorsement by Historic Scotland.

Useful ad~resses
Window upgrading and installation of draught-proofing systems, weatherstripping, etc are
available from:Draftseal (Scotland) Ltd, 106 Stirling Drive, Bishopbriggs, G64 3PQ (tel 041 7723917)
Mighton Products, PO Box 1, Saffron Waldon, Essex CB10 1QU (tel 0799 531011)
Quatroseal, Shenn Valley, Ballakaighen, Peel, Isle of Man (tel 0624 844365)
Schlegel Engineering, Henlow Industrial Estate, Henlow Camp, Bedfordshire, SG16 60S (tel
046281550)
Sealeo, Unit 3, Harmony Court, Loanbank Place, Glasgow G51 3HN (tel 041 4454242)
Ventrolla, 9-11 Radnor Street, Glasgow G3 7UA (tel 0413346633). This system is capable of
bringing sound sash and case windows up to the standards of weathertightness at high
exposure levels defined by BS 6375 pt 1 1989.
A number of manufacturers and suppliers produce new windows to authentic traditional
designs and details, which also incorporate high performance weatherstripping. In some situations (but not usually in the case of slim section Georgian windows) these new windows can
accommodate double glazing:
Blair Joinery, 9 Baker Street, Greenock, PAIS 4TU, (tel 0475721256) manufacture traditional
windows fitted with weatherstripping which can be certified to meet the highest levels
of resistance to air permeability and water penetration in very exposed locations
(design wind pressures up to 2400 Pa) defined by BS 6375.
Border Glaze, Unit 5, Forest Mill, Ounsdale Road, Selkirk TD7 SEA, (tel 0750 22189) manufac
ture purpose made traditional sash and case windows with weatherstripping (BS test
ing is in hand).
K and G Joiners, 20 Salamander Place, Leith, Edinburgh EH6 7]W (tel 031554 8121), manufac
ture sash and case windows to traditional details.
Ventrolla (see above) can supply matching traditional sash and case windows which can
achieve the highest performance standards defined by BS 6375 for exposed situations.
Most building joinery contractors will make traditional sash and case windows to detailed
designs provided by a consultant architect. Care should be taken to ensure that profiles and
details are copied exactly from the original.
The secondary glazing system illustrated in this note is available from
Selectaglaze Home Improvements Ltd, Unit 1, Sphere Industries, Campfield Road, St Albans,
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Hertfordshire, ALI 5HT (tel 0727 837271)
Modem furniture, including replicas of historic and traditional fittings, is available from many
architectural ironmongery suppliers. Simplex hinges are available from Mighton Products (see
above).
Crown and Cylinder glass are available from:The London Crown Glass Company, Pyghtle House, Misbourne Avenue, Gerrards Cross,
Bucks, SL9 OPD (tel 0494 871966)
Hartley Woods & Co Ltd, Portobello Lane, Monkwearmouth, Sunderland, SR6 ODN
(tel 091 5672506)
T & W Ide Ltd, Glasshouse Fields, London, E1 9JA (tel 071 790 2333)
Glass Restoration, 6A Vicars Road, Kentish Town, London NW5 (tel 071 482 2272)
The Brooking Collection of architectural details (Woodhay, White Lane, Guildford, Surrey,
GU4 8PU) contains extensive information on historic windows and ironmongery.
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INTRODUCTION

IN 1926 a small dictionary for

the instruction of
trainees in the nomenclature of terms used in metal
window making was published. Since that time many
developments in the design of Metal Windows have
taken place, and many improvements in production
methods have come into use, such as rustproofing by
means of Hot Dip Galvanizing and various methods of
electric welding. Thus while some technical terms have
become obsolete others have come into common use in
the industry since the date of the earlier publication.
This new dictionary does not pretend to cover the
whole field in Metal Window manufacture but it may
be of some help to trainees, architectural students, and
builders who are interested in the subject.
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ACORNS
windows.

Finials on hinges on bronze

ADAPTORS Small metal plates screwed to
tubular mullions, with a projection set at an angle
of 30°, to enable Standard Metal Wmdows to be
fixed at any angle.
ALLOWANCE Difference between the
overall size of a metal frame and the opening
into which it is to be fixed. For ordinary stone
or woodwork Ys" in height or width.
ALUMINIUM Produced from Bauxite and
weighing about one-third of steel. Its use
has been developed by the aeroplane. In the
form of extruded bars, and sometimes cast
into frames, it is now largely used in the metalwindow industry, replacing bronze in many cases
as a decorative material. It has poor torsional
properties. When the cost of a section of comparable strength reaches that of steel per foot
run it will be a serious competitor in the metalwindow industry.
ANODIZING A hard smooth coating of
aluminium oxide formed on aluminium by
placing the object in a lead bath containing
sulphuric acid through which an electric current
is passed. See Appendix III.
I

ARC WELDING

separate plate which is, in turn, screw~d on the
handle plate. This allows the handle to be detachable so that it can be fixed after the window
is otherwise completely erected.

See Welding.

ARENS CONTROLS For operating ventilators out of reach, consisting of a reinforced
wire enclosed in a tube which can be bent to conform to angles of the opening, and of sufficient
stiffness to permit it to push as well as pull.

BACK PUTTY All glass must have a proper
bedding of putty between it and the glazing rebate. The omission of this is a frequent cause of
leakage and glass breakage.

ASTRAGAL Small mouldings round the
tops and bottoms of columns. This term is sometimes used to indicate glazing bars (generally in
the U.S.A.).

AUSTRAL
WINDO\V

BALES CATCH (not ball catch) A selfacting latch for hinged frames, consisting of a
ball-nosed spring-loaded plunger in a socket sunk
into the frame and engaging with a countersunk
hole.

AUSTRAL A type of window in which the
upper and lower halves are joined together by a
connecting arm in such a manner that when the
upper half opens outwards and slides down
the lower half opens inwards and slides up. (Of
Australian origin.)

BALL CENTRES In vertically pivoted
windows a hardened steel or phosphor-bronze
ball was mounted in the lower pivot on which the
opening leaf took its bearing. This method is now
obsolete.

AWNING WINDOW A series of tophung projected ventilators each about 12" deep,
coupled together. Also known as a Miami window
(U.S.A.).

BALL-RACE In sliding doors various kinds
of running gear are used at the top usually consisting of wheels with ball-bearings running in
metal channels (Coburn or Henderson). Another
variation consists of a fixed channel containing
a runner bar sliding on balls in machined
grooves.

AWNING
WINDOW

BA C K P LA T E Instead of being bolted
direct to the steel handle bracket, as is the case
with standard metal windows, the handles on
Universal Casements may be mounted on a

BASCULE
panel.

A counterbalanced frame or

3
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BACK

PUTTY
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J

BASEMENT SASH A bottom-hung sash
in which the ventilator is of the' lift out' type for
the admission of coal into the basement. A standard requirement in most American houses.

d S~UAR£ ~
BAY
WINDOWS

circular portion of a hinge in which the hinge pin
is fixed. See Leaves.
BOWDEN CONTROL Similar to Arens
Control but lacking the rigidity required for

BAY WINDOW A window consisting of
two or more units fixed at varying angles to each
other.

pushing.

BEADS Sometimes called glazing fillets.
Strips of wood or metal attached to the frame
with brass screws or studs. Used instead of front
putty usually for inside glazing.

BOX MULLION A mullion built up of
steel channels of various sizes, closed in at the
back by a flat strip of metal.

BEDDING See also Paneing Down. When a
casement is fixed into a surrounding metal frame it
is 'bedded' in mastic to ensure weathertightness.
BIRMABRIGHT

An aluminium alloy.

B 0 L T A sliding bar or rod for door fastening.
Also square or hexagon-headed screw used with
a nut for assembly of frames, etc.
BONDERIZING A method of cleaning
and etching steel bar by immersion in a solution
of phosphoric acid and zinc phosphate for about
five minutes.
BORROWED LIGHTS Windows fixed
inside a building which obtain their light from
the external windows in wall or roof.
BOSS
4

A round metal knob or stud. Also the

BOW WINDOW A bay window. Elliptical
or semi-circular on plan.

BRASS An alloy of copper and zinc. For
casting and extrusion 60/40 brass is used. For
cartridge cases etc. 70/30 is used and for gilding
metal 90/10.
BRAZING Before welding was introduced
the corners and brackets of steel frames were
brazed. After the corners had been dovetailed
and riveted together the interstices of the joint
were filled with molten brass. A small pellet of
brass was placed on the joint and melted by
means of a blow-pipe. To serve as a flux borax
was used. The borax had an inconvenient habit
of coming to the surface after the casement was
fixed, breaking through the paint and allowing
rust to start. This process is now superseded by
welding.
BRITISH WIRE GAUGE (Abbreviation
B. W. G.). Denoting the thickness of a steel
plate or wire.

5

BOX MULLION

part and a hook fixed to the wall. Preferably at
handle height to avoid stooping to operate.

BROKEN JOINT When two flat surfaces
are placed face to face the joint between them is
said to be an open or flush joint, and in building
construction would not be considered satisfactory
from the point of weathertightness unless some
means were taken of covering or 'breaking the
joint'. This may be done by forming grooves in
the two flat surfaces and inserting a bar to fit into
the groove, or with cement or mastic.

CAMES The bars in lead glazing are called
carnes. They are made in various widths from!"
to I". They are also of various sections, flat, halfround and beaded. The most usual type is !"
wide beaded. See also Saddle Bars.
CAM OPENER A fitting
for opening top-hung casements which are out of reach.

BR 0 N ZE An alloy of copper and tin in
various proportions. This material does not lend
itself to extrusion and therefore when bronze
casements are called for, the sections are extruded
from brass to which a small percentage of manganese has been added for toughening. The casements are usually toned chemically to the required
colour.
B UL L S EYE

CAMPBELL WINDOW
A double-hung sash made of pressed
steel sections used extensively throughout the U.S.A.
CARDA WINDOW A Swedish invention
of which there are several versions consisting of a
large H.C.H. double window which can be completely reversed over 3600 and easily separated
for glass cleaning. An additional feature embodies
a Venetian blind between the inner and outer
windows.

A circular window.

BUTT JOINT Two metal bars placed or
joined together end to end. (Sheep butt one
another head to head.)
BUTT S Ordinary door or window hinges in
which the length of the knuckle is greater than
the width across the leaves when open.

CASEMENT A hinged metal or wood
frame to contain glass forming part of a window.

c

CAST-IRON FRAMING Metal windows
are sometimes fixed into cast-iron surrounds,
which material lends itself readily to architectural treatment and is less costly than stone.

CABIN HOOK A device for holding doors
open consisting of an eye attached to the opening

6

J

7

iJ

CABIN

HOOK

CAVETTO

A concave moulding.

CAVITY WALLS A construction consisting of an inner and outer wall with an air space
between.
CELOCIA
shutter.

A Spanish name for an external

CENTRE-HUNG CASEMENTS Casements hung upon centres, either horizontally or
vertically, so that part opens inwards and part
outwards.
CHAIN S See also Cords. Sometimes used in
place of cords.
CHOBERT RIVETS Rivets used on work
in which one surface only is accessible for riveting. Hollow rivets are threaded on to a steel wire
with an expanded end, the wire and rivet is
placed in the hole and the wire is forcibly extracted, the expanded end heading the rivet on
the inner end. The hole in the tubular rivet is
usually closed by driving in a tapered steel peg.

I
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C LAM P A form of sliding stay consisting of
a brass clamp mounted on a swinging arm and
actuated by a 2-start screw and sliding over and
engaging with a brass rod attached to the opening
frame.
CLEANERS' HOOKS In those types of
windows where cleaning from inside is not otherwise provided for (such as sliding sashes, etc.),
bronze eyelets may be fixed to the outer frame at
the jambs to receive the hooks of cleaners' safety
belts.
CLEANING CASEMENTS Casements
in which the outside of the glass can be cleaned
from the inside of the building.
CLEANING OFF Removing by filing or
other means the surplus metal left after welding.
CLEARANCE The space allowed between
the opening and fixed frames of casements.
CLEAT A piece of metal round which the
cords which operate upper ventilators are made
fast.
CLEVIS U-shaped iron at the end ofa beam
for attaching tackle. The name is used to
designate a window handle when applied to a
U-shaped bracket (U.S.A.).
9

panes into some of which is screwed a selfcontained casement of the required type.
SECTIONS Metal bars from which
dows are made. Also called profiles.

WIn-

~
WJ

Opening or
Inner Frames

CO
N IB

EXTENDED
LEG

Frames

FIXED
~==...,.,<~;:,r' OUTER
FRAME

INSIDE

LEGS

SX8 Wt. "457 lb.
MX8 Wt. '.929 lb.

SZ8 Wt.' '457 lb.
MZ8 Wt. '.929 lb.

S8 Wt. 1.270 lb.
M8 Wt. "7,8 lb.

WEATHERING
FLANGE - *.:l
CONT'AC"r ~::'

Outer

Outer
Frames

OPENING
INNER
FRAME

SECTIONS

S6 WI. "093 lb.
M6 WI. ,. 545 lb.

S5 Wt. 1.093 lb.
M5 Wt. 1.545 lb.

BACK

OUTSIDE

.......l1
WJ

h

Fixed
Lights

Fixed
Lights
SX9 Wt. "7°' lb.
MX9 WI. 2.245 lb.

S9 Wt. I· 542 lb.
M9 Wt. 2.060 lb.

d a

SZ9 Wt. "701 lb.
MZ9 Wt. 2.245 lb .

Door

Sections

!

f'
@1J
SELF. ~
.~L1G N ING
HINGE

SEGMENTAL HEAD A segmental head
is the curved top or arch of a window which is
not a complete semicircle.
SELF - ALIGNING HINGES A half
spherical phosphor bronze washer resting in a
similarly shaped depression in the lower leaf of
the hinge through which a pin, closely fitting
in the upper leaf, passes. The pin has clearance in
the lower leaf allowing for axial alignment between upper and lower hinges. Intermediate

MX6 Wt. 2 . "4 lb.

MZ5 Wt. 2. "4 lb.

Fixed
Meeting Rail
S3 WI. , .807 lb .
M3 WI. 2.432 lb.

Narrow Sight
Coupling (Lloyds)
S2 WI. 0.825 lb.
M2 Wt. 0'993 lb.

Mullion Coupling

K, Wt. '.355 lb.

Transome
Coupling

K7 WI. "9'2 1Ii.
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