Memorandum

Planning Division

Community & Economic Development Department

To: Planning Commission

From: Carl Leith, Senior Historic Preservation Planner

Date: June 2, 2011

Re: Windows Work Session

Purpose

The purpose of this work session is to provide the Commission with the opportunity to consider in
greater detail the role and importance of historic windows to the architectural integrity of the building,
their characteristics and the issues associated with proposals to alter or replace such windows. In
doing so the Commission will be able to consider craftsmanship, materials, perceived and structural
window condition, maintenance and repair, sustainability issues, energy and acoustic performance,
and options for upgrading this performance.

Joining us for the discussion are Susie Petheram, CRSA, and David Richardson, Capitol Hill
Construction, bringing their own wealth of experience and insights on issues relating to historic
windows.

Background

The pressure to replace original or early windows has increased in recent years as a result of active
marketing by the replacement window industry and a universal objective to enhance energy
efficiency and reduce energy demands in all buildings, in the face of global warming. Although
historic districts comprise a small proportion of the nation’s older buildings, the result has been widely
regarded, at national and local levels, as a significant threat to the character of cultural resources
across the country; the matter attracts no less attention internationally. Organizations such as the
National Trust for Historic Preservation and the National Park Service have focused significant efforts
towards enhancing the level of understanding of the aesthetic, functional and durable characteristics
of traditional windows, and their stewardship.

In the recent past the Commission has reviewed a variety of applications to replace original windows
in buildings within all the historic districts in the city. The predominant reasoning presented is that the
windows are in poor condition, do not operate or are painted shut, and that they are a notable source
of heat loss from the building. In two cases before the Commission this year, these have been
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variously presented as the reasons to replace. The Commission, at meetings on March 2 and April 6,
has identified the need for further understanding of historic window condition and repair. This work
session is the first to be devoted to discussion of historic windows, and the issues which arise in
assessing their role, condition and efficiency. It should be a valuable resource for future review and
decision making. The Commission may wish to consider further work sessions of this nature, on
windows and other matters, to allow greater time for discussion and an opportunity to review a wider
range of information on aspects of the subject.

Window Characteristics

Assessing the role of the window there are a variety of issues and characteristics to
consider. Discussion in this work session should touch on most of these. A summary of
these might include the following:

Angles of Approach — Potential Discussion Points

1. The role of windows in defining the character of the building and the district — SLC/NPS/NT
a. The architectural authenticity, integrity & maturity of the building
b. Intricate, multi-dimensional, architectural and visual experience — static and kinetic
c. Sustainability (cultural/environmental/economic) — conservation of existing embodied craft
2. The inherent functional qualities of a traditional window:
a. High quality of design, materials & construction
b. Longevity — based on robustness, ‘maintainability’ & ‘repairability’
c. Energy efficiency — based on function, design quality, construction & durability
3. Issues associated with decisions regarding a traditional window:
a. Maintenance and state of repair — superficial/structural/mechanism
b. Energy & acoustic efficiency
c. Repair skills availability
d. Characteristics of traditional & replacement windows - comparison
4. Conservation & preservation policy & approach

a. National

b. State

c. City

d. International

The design of an older window is really a combination of functionality and the concentration of many
facets of the character and integrity of the building (composition, design, detailing, materials, craft
skills, patina, etc.) It consequently provides a richness of experience, internally and externally, that
helps to create the uniqueness of our older neighborhoods — an experience that changes with the
light. The design of a new window is driven primarily by functionality, and price.

Resources

Accompanying this Memorandum there are several copies of selected materials addressing various
aspects of historic windows (copies of additional documents will be available at the meeting). There is
also a list of internet links to a series of information sources, which in turn provide further links to
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supporting or related material. Information is provided from across the USA, and also from Canada
and Europe, where stewardship and energy research and practice have similar issues to address.

This information is constantly growing and being updated. Staff will endeavor to keep the
Commission up to date with any additional material and information as this becomes available.

Attachments
This Memorandum has the following Attachments.

A. Agenda
B. List of Internet Resources

C. Selected Documents on Historic Windows
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Attachment A

Historic Landmark Commission - Windows Work Session June 2, 2011

AGENDA

1. Introduction

City Staff

2. Susie Petheram, CRSA

3. David Richardson, Capitol Hill Construction

4. Discussion
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Attachment B

List of Internet Resources
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HISTORIC WINDOWS — RESOURCES AND LINKS

Federal Sites

National Park Service
htip://www.nps.gov/index.htm (search windows)

National Park Service, National Center for Preservation
http://ncptt.nps.gov (search windows)

Secretary of the Interior’s Standards
http://www.nps.gov/history/hps/tps/tax/guidance.htm
http://www.nps.gov/history/hps/tps/tax/incentives/avoiding_1.htm
http://www.nps.gov/history/hps/tps/

National Park Service Preservation Briefs
http://www.nps.gov/history/hps/tps/briefs/presbhom.htm

U.S Department of Energy
http://appsl.eere.energy. gov/buuldmgs/publlcatlons/pdfs/bwldmg america/historic homes guide.pdf

National Sites

National Trust for Historic Preservation
http://www.preservationnation.org/resources/homeowners/
http://www.preservationnation.org/issues/sustainability/

Alliance of Preservation Commissions
http://www.uga.edu/napc/programs/napc/publications.htm

Assoclation of Preservation Technology International
htip://www.apti.org/publications/bulletin-index.cfm ({search windows)

State Sites

Missouri SHPO
http://www.dnr.mo.gov/shpo/links.htm

Kansas SHPO
http://www.kshs.org/portal _shpo (search windows)

California State Parks
http://www.ohp.parks.ca.gov (sustainability)

Preservation North Carolina
http://www.presnc.org/Preservation-Answers/Historic-Windows-Resource-Page




International Sites

Northern Ireland
http://www.ni-environment.gov.uk (search windows)

Heritage Canada Foundation
http://www.heritagecanada.org/eng/news/archived/spring2006/windows.html
http://www.heritagecanada.org/eng/news/archived/summer2006/windows.html
http://www.heritagecanada.org/eng/news/archived/spring2007/thermal.html

Scotland
http://www.historic-scotland.gov.uk/gcu-technical- thermal-efficiency-traditional-windows.pdf
http://www.historic-scotland.gov.uk/caring-for-your-sash-case.pdf

City Sites

Denver, CO
http://denvergov.org/Preservation/DesignReviewCertificateofAppropriateness/Applicationmaterials/tab
id/438031/Default.aspx

Albany, OR
http://www.cityofalbany.net/comdev/historic/

San Francisco, CA
http://www.sf-planning.org/index.aspx?page=1825

Cambridge, MA
http://www2.cambridgema.gov/Historic/windowglines final.pdf

Phoenix, AZ
http://phoenix.gov/HISTORIC/hprehab.html#technical

Boulder, CO
http://www.bouldercolorado.gov/index.php?option=com content&task=view&id=2033&Itemid=1862

Technical Papers

Saving Energy in Historic Buildings: Balancing Efficiency and Value
http://www.apti.org/publications/Cluver-Randall-41-1.pdf

What Replacement Windows Can’t Replace: The Real Cost of Removing Historic Windows
http://ohp.parks.ca.gov/pages/1054/files/replacement_windows%20sedovic%20gotthelf.pdf

The Effects of Energy Efficiency Treatments on Historic Windows
http://www.conservationcenter.org/assets/EffectsEnergyonHistoricWindows.pdf

Testing the Energy Performance of Wood Windows in Cold Climates



http://www.ncptt.nps.gov/2008/testing-the-energy-performance-of-wood-windows-in-cold-climates-a-
report-to-the-state-of-vermont-division-for-historic-preservation-agency-of-commerce-and-community-
development-1996-08/

Research into the Thermal Performance of Traditional Windows: Timber Sash Windows
http://www.english-heritage.org.uk/professional/research/buildings/energy-efficiency/thermal-
performance-of-traditional-windows/

Media and Video Links

http://www.kshs.org/p/window-repair-videos/14680
http://www.presnc.org/Preservation-Answers/Historic-Windows-Resource-Page

Old House Journal
http://www.oldhousejournal.com/npsbriefs2/brief09.shtml
http://oldhousejournal.com/Sash Window Clinic/magazine/1078

Traditional Building
http://www.period-homes.com/Newsletter/SPR_APRIL 9 09 NEWSLETTER.html




Attachment C

Selected Documents
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The Secretary of the Interior’s Standards for Rehabilitation & Illustrated Guidelines for R...

Technical Preservation

Standardy
Guldelines

Roofs

Windows
Entrances/Porches
Storefronts

Structural Systoms
SpacesiFeatures/Finishes
Mechanical Systems

Sita
Salting

Energy

New Additlons
Accessibllity
Health/8afety

Windows

http://www cr.nps.gov/hps/tps/tax/thb/windows01.htm

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
cames. From the transitional
single-hung sash in the early
1700s to the true double-hung
sash later in the same century,
these early wooden windows
were characterized by the small panes, wide muntins, and the way in
which decarative trim was used on both the exterior and interior of the
window.

As the sash thickness increased by the turn of the century, muntins took on a
thinner appearance as they narrowed in width but increased in thickness
according to the size of the window and design practices. Regional traditions
centinued to have an impact on the prevailing window deslgn such as with the
long-term use of "french windows" in areas of the deep South.

Changes in technology led to the possibility
of larger glass panes so that by the mid-19th
century, two-over-two lights were common,;
the manufacturing of plate glass in the United
States allowed for dramatic 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.

1"-""""%

|
Delicate muntins and multl-pane sash

Popular versions of Arts and Crafts houses on oarly 19th ¢. row houses.

constructed in the earty 20th century

frequently utilized smaller lights In the upper

sash set in groups or pairs and saw the re-emergence of casement windows. In
the early 20th century, 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 cne of the few parts of a building serving as both an interior and exterior
feature, windows are nearly always an important part of the historic character of
a building. In maost buildings, windows also comprise a considerable amount of
the historic fabric of the wall plane and thus are deserving of special
censideration in a rehabilitation project.

asldlentify, retain, and preserve

Page | of 6
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recommended.....

not recomnmmended.....

Windows

recommaencded.....

http://www.cr.aaps.gov/

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 intertor and
exterior shutters and blinds.

e o et
indow condition assessment preceding repair work.

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

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.
Stripping windows of historic material such as wood, cast iron, and bronze.

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

—~Protect and Malntaln -

Protecting and maintaining the wood and
architectural metal which comprise the
window frame, sash, muntins, and
surrcunds through appropriate surface
treatments such as cleaning, rust
removal, limited paint removal, and re-
application of protective coating
systems.

Making windows weathertight by re-
caulking and replacing or installing

hps/tps/tax/thb/windows01.litm 5/5/2011
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weatherstripping. These actions also
improve thermal efficiency,

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

Newly painted double-hung wood
windows.

not recommended.....

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

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

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

Windows ..-.Repair ‘

recommended.....

Repairing window frames and sash by patching, splicing, consoclidating or
otherwise reinforcing.

Such repair may also
include replacement in kind-
| Bl -or with compatible
| / ' - substitute material--of those
Wi L  #M parts that are either
/ ' : extensively deteriorated or
L are missing when there are
surviving prototypes such
as architraves, hoodmolds,
sash, sills, and interior or
exterior shutters and blinds.

-y

Praparing historic steal windows for repairs and re-
finishing.

not recommended.....
Replacing an entire window when repair of materials and limited replacement of

hitp://www.cr.nps.gov/hps/ips/tax/rhb/windows01.htim 5/52011
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deteriorated or missing parts are appropriate.

Failing to reuse serviceable window hardware such as brass sash lifts and sash
locks.

Using 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.

Windows -Roplace

recommaeanded.....
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 detaeriorated beyond
repair, then a compatible
substitute material may he
considered.

Datarlorated lower window sash shown prior to its
replacement In kind.

For example, on certain types of large
buildings, particularly high-rises, aluminum
windows may be a suitable replacement
for historic wooden sash provided wooden
| replacement are not practical and the
' design detail of the historic windows can
be matched,

Historic color duplication, custom contour
panning, incorporation of either an integral
Lower window s;sll replaced, based on muntin or 5/8" deep trapezoldal exterior
physical documontation. muntin grids, where applicable, retention

of the same glass to frama ratio, matching
of the historic reveal, and duplication of the frame width, depth, and such
existing decorative details as arched tops should all be components in
aluminum replacements for use on historic buildings.

not recommended.....
Remaoving a character-defining window that is unrepairable and blocking it in; or
replacing it with a new window that does not canvey the same visual
appearance.

Design for Missing Historic Features

The folowing worlc is highlighted to indicate that it represents the particularly
complex technical or design aspects of rehabilitation projects and should onfy
he considered after the preservation concerns listed above have been
addressed.

http:/fwww.cr.nps.gov/hps/tps/tax/rhb/windows01.htm 5/5/2011
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recommendad.....
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 histerical, pictorial, and
physical documentation; or be a new design that is compatible with the
window openings and the historic character of the building.

not recommendied.....
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

The following worlk is highlighted to indicate that it represents the particularly
complex technical or design aspects of rehabllitation projects and should only
be considered after the preservation concerns listed above have been
addressed.

recommended.....
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 bullding, but not duplicate the
fenestration pattern and detailing of a character-defining elevation.

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.

nof recommended.....

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.

1 Inserting new floors or furred-down

| ceilings which cut across the glazed
| areas of windows so that the exterior
form and appearance of the windows
are changed.

Incompaﬂble new window (lower righti, o
rasulting in loss of the building’s historic
character.

Home | Mext | Pravious

http://www.cr.nps.gov/hps/tps/tax/rthb/windows01.htm 5/5/2011
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Technlcal Preservation Services |

9 Preservation BriEfS Matlonal Park Service r@}'

U.5. Departmeant of the Intertor

The Repair of
Historic Wooden Windows

John H. Myers

»Architectural or Historical Significance

» Physlcal Evaluation

»Repair Class [: Routine Maintenance

»Repair Class II: Stabllization

»Repair Class I111: Splices and Parts Replacement
»Weatherization

»Window Replacement

»Conclusion

» Additional Reading

A NOTE TO OUR USERS: The web verslons of the Preservatlon Briefs differ somewhat from the printed versions.
Many Hlustrations are new, captions are simplified, lllustrations are typlcally In color rather than black and white, and
some complex charts have been omitted.

The windows on many historic buildings are an important aspect of the
architectural character of those buildings. Thelr design, craftsmanship, or other
qualitles may make them worthy of preservation. This Is self-evident for ornamental
windows, but it can be equally true for warehouses or factories where the windows may
be the most dominant visual element of an otherwise plain building. Evaluating the
significance of these windows and planning for their repalr or replacement can be a
complex process involving both objective and subjective consideratlons. The Secretary of
the Interior's Standards for Rehabilitation and the accompanying gulidelines, call for
respecting the significance of original materials and features, repairing and retaining
them wherever possible, and when necessary, replacing them In kind, This Brlef is based
on the issues of significance and repalr which are implicit in the standards, but the
primary emphasls is on the technical Issues of planning for the repair of windows
Including evaluation of their physical condition, techniques of repair, and design
considerations when replacement Is necessary.

Much of the technical section presents repalr technlgues as an instructional guide for the
do-it-yourseifer. The Information will be useful, however, for the architect, contractor, or
developer on large-scale projects. It presents a methodology for approaching the
evaluation and repair of existing windows, and considerations for replacement, from
which the professlonal can develop alternatives and specify approprlate materials and
procedures.

Architectural or Historical Significance

http:/fwww.nps.gov/history/hps/tps/briefs/brief09.htm 3/24/2011
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Evaluating the architectural or historical significance of windows is the first step In
planning for window treatments, and a general understanding of the function and history
of windows is vital to making a proper evaluation. As a parl of this evaluation, one must
consider four basle window functlons: admitting light to the Interior spaces, providing
fresh alr and ventllation to the Interlor, providing a visual link to the outside world, and
enhancing the appearance of a building. No single factor can be disregarded when
planning window treatments; for example, attempting to conserve energy by closing up
or reducing the size of window openings may result in the use of more energy by
increasing electric lighting loads and decreasing passive solar heat gains.

Historically, the flrst windows in early American
houses were casement windows; that Is, they
were hinged at the side and gpened outward. In
the beginning of the eighteenth century single-
and double-hung windows were introduced.
Subsequently many styles of these vertical
sliding sash windows have come to be
associated with specific building periods or
4 : architectural styles, and this Is an important
- = consideratlon In determining the significance of

o M : X windows, especially on a local or regional basis.

A e L | Site-specific, regionally oriented architectural

& B comparisons should be made to determine the

1 INe & ﬁ b 7 significance of windows in question. Although
Windows are frequently important visual such comparlsons may focus on specific window
focal points, especlally on simpla facades types and their details, the ultimate
;‘1“:“ as this mill bullding. Replacement of determination of significance shouid be made

@ multi-pane windows with larger panes .
could dramatically alter the appearance of within the context of the whole building,
the building. Photo: NPS fltes. wherein the windows are cne architectural
element.

After all of the factors have been evalualted, 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 pericds or events, or 5) are examples of
exceptional crafismanship or design. Once this evaluation of significance has been
completed, It is possible to proceed with planning appropriate treatments, beginning
with an investigation of the physical condition of the windows,

Physical Evaluation

The key to successful planning for window treatments is a careful evaluation of existing
physical conditions on a unit-by-unit basis. A graphlc or photographlc 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 exlsting 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 becocmes a part of the specifications. In any evaluation, one
should note at a minimum:

¢ 1) window locatlon
e 2) condition of the paint

http://www.nps.gov/history/hps/tps/briefs/brief09. htm 3/24/2011



Preservation Brief 9: The Repair of Historic Wooden Windows Page 3 of 11

3) condition of the frame and sill

4) condition of the sash {ralls, stlles 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 [ack 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 edaes 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 sectlons which allow water to saturate the wood, especially at the
joints. The back putty on the Interlor side of the pane should also be inspected, because
it creates a seal which prevents condensaticn from running down into the joinery. The
sill shoutd be examined to insure that it slopes downward away from the butlding and
allows water to drain off. In addition, it may be advisable to cut a dripline along the
underside of the sill. This almost invisible treatment will insure proper water runoff,
particularly if the bottom of the sill is flat. Any conditions, including poor original design,
which permit water to come in contact with the wood or to puddle on the sill must be
carrected as they contribute to deterloration of the window.

One clue to the location of areas of excessive
molsture Is the conditlon of the paint; therefore,
each window should be examined for areas of
paint failure. Since excessive molsture is
detrimental to the paint bond, areas of paint
blistering, cracking, flaking, and peeling usually
[dentlfy polnts 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 L F

condition and hence, irreparable. Wood Is i l’" N = \

frequently In sound physical condition beneath Deterioration of pory maintained windows
unsightly paint. After noting areas of paint usually begins on horizontal surfaces and at
failure, the next step is to Inspect the condition  joints, where water can collect and saturate
of the wood, particularly at the points identified  thewood. Photo: NS files.

during the paint examination.

Each window should be examined for operational soundness beginning with the lower
portions of the frame and sash. Exterlor rainwater and interior condensation can flow
downward along the window, entering and coliecting at polnts where the flow is blocked.
The sill, joints between the sill and jamb, corners of the bottom rails and muntin joints
are typical points where water collects and deterioration begins. The operation of the
window (continuous opening and closing over the years and seasonal temperature
changes) weakens the joints, causing movement and slight separation. This process
malkes the joints more vulnerable to water which Is readily absorbed into the endgrain of
the wood. If severe deterloration exists In these areas, it will usually be apparent on
visual inspection, but cther less severely deteriorated areas of the wood may be tested
by two traditional methods using a small Ice pick.

An Ice pick or an awl may be used to test wood for soundness. The technique is simply
to jab the pick into a wetted wood surface at an angle and pry up a small section of the
wood. Sound wood wili separate in fong fibrous splinters, but decayved wood will lift up in
shorl irregular pieces due to the breakdown of fiber strength.

http://www.nps.gov/history/hps/tps/briefs/brief09.htn 3/24/2011
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Ancther method of testing for socundness consists of pushing a sharp object into the
wood, perpendicular to the surface. If deterioration has begun from the hidden side of a
member and the core is badly decayed, the visible surface may appear to be sound
wood. Pressure on the probe can force It through an apparently sound skin to penetrate
deeply into decayed wood. This technique Is especially useful for checking sills where
visual access to the underside is restricted.

Following the inspection and analysis of the results, the scope of the necessary repairs
will be evident and a plan for the rehabilitation can be formulated. Generally the actions
necessary to return a window to "like new" condition will fall into three broad categories:
1) routine maintenance procedures, 2) structural stabilization, and 3) parts
replacement. These categorles will be discussed In the following sectlons and will be
referred to respectively as Repair Class I, Repair Class II, and Repair Class III.
Each successive repalr class represents an increasing level of difficulty, expense, and
work time. Notle that most of the points mentloned 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 mentloned In the following sections all sources of
moisture penetration should be identified and eliminated, and all existing decay fungi
destroyed In order Lo arrest the deterioration process. Many commercially available
fungicides and wood preservatives are toxic, so it is extremely Important to follow the
manufacturer's recommendations for application, and store all chemical materials away
from children and animals. After fungicidal and preservative trealment the windows may
be stabilized, retained, and restored with every expectation for a long service life,

Repair Class I: Routine Maintenance

Repairs to wooden windows are usually labor intensive and
relatively uncomplicated. On smail scale projects this
allows the do-it-yourselfer to save money by repalring all
or part of the windows. On larger projects it presents the
oppertunity 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 . W
the work element priorities, and identify the level of skill ' *"".H. 1. ' ﬂ‘n“- e {

needed by the labor force. m

L P This historic double-hung
The routine mallnLenanceTl requlred” window has many layers of
to upgrade a window to "like new" paint, some cracked and
condition normally includes the misﬁ'ng Puﬂv{)s"kght Sﬂpgra“""

. . - at the joints, broken sas

following steps: 1) some degree of L .o 2na one cracked pane.
Interlor and exterior palnt Photo: NPS files.
removal, 2) removal and repair of
sash (including reglazing where necessary), 3) repalrs to the
frame, 4) weatherstripping and reinstallation of the sash, and

5) repainting. These operations are illustrated for a typical

http://www.nps.gov/history/hps/tps/briefs/brief09.han 3/24/2011
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[ double-hung wooden window, but they may be adapted to
other window types and styles as applicable.

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

Paint removal should
interior stop and the begin on the interior
jamb, the stop can be frames, being careful
Prieﬁ' ‘-’c’l'-'lt and gr‘;‘d“a”v , toremove the paint
worked logse using 2 bal rom the Interior stop
Photo: NPS files. and the parting bead,

. particularly along the

seam where these stops meet the jarmnb. 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

the seam between the

Sash can be removed and repaired in a
remove the stop, the parting bead and the convenient worlc area. Paint is being removed

sash. The interior stop may be initlally loosened from this sash with a hot air gun. Photo: NPS

from the sash side to avoid visible scarring of Hes.

the wood and then gradually pried loose using a palr of putty knives, working up and
down the stop in small Increments. With the stop removed, the lower or interior sash
may be withdrawn. The sash cords should be detached from the sides of the sash and
their ends may be pinned with a nail or tied in a knot to prevent them from falling into
the weight pocket.

Removal of the upper sash on double-hung units is similar but the parting bead which
holds it in place is sef 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 convenlent 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
repalr.

The sash can be stripped of paint using appropriate techniques, but if any heat
treatment Is used, the glass should be removed or protected from the sudden
temperature change which can cause breakage. An overlay of aluminum foll 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 saftened by heating with a soldering iron at the
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point of removal. Putty remaining on the glass may be softened by soaking the panes in
linseed oll, 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 cushlon and seal the glass. Glazing compound should only be used on wood which has
been brushed with linseed oil and primed with an oil based primer or paint. The pane is
then pressed into place and the glazing points are pushed into the wood around the
perimeter of the pane.

The final glazing compound or putty is applied and beveled to complete the seal. The
sash can be refinished as deslred 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 putly and lap over onto the glass slightly to complete a
weather-tight seal. After the proper curing times have elapsed for paint and putty, the
sash will be ready for reinstallatlon.

While the sash are out of the frame, the condition of the wood in the jamb and sill can
be evaluated. Repair and refinishing of the frame may proceed concurrently with repairs
to the sash, taking advantage of the curing times for the paints and putly used on the
sash, One of the most common work items is the replacement of the sash cords with
new rope cords or with chalns. The welght 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 easler window operation
by elderly or handlcapped persons. Additional repairs to the frame and sash may include
consolidation or replacement of deteriorated wood. Techniques for these repairs are
discussed in the followlng sectlons.

The operations just discussed summarize the efforts necessary to
restore a window with minor deterioration to "like new" condition.
The techniques can be applied by an unskilled person with
minlimal tralning and experlence. To demonstrate the practicallty
of this approach, 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 palnt, 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,

Following the replacement of the sash cords and reinstallation of the sash,
:::f:l'l‘fss'\tfhs‘;fw:ﬁow s parting bead, and stop required an hour and a half. These times
Weathe’mght’ like new refer only to individual operatlons; the entire process took several
In appearance, and days due to the drying and curing times for putly, primer, and
serviceabla for many paint, however, work on other window units could have been in

.Photo:
e Tiyo ome-Photo:  hrogress during these lag times,

Repair Ciass II: Stabilization

The preceding description of a window repair job focused on a unit which was
operatlonally sound. Many windows will show some additional degree of physical
detericration, especially in the vulnerable areas mentioned earlier, but even badly
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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
partlally decayed or weathered wood are dlscussed In this sectlon, and all three can be
accomplished using products available at most hardware stores.

One established technique for repairing wood which is split, checked or shows signs of
rot, Is to: 1) dry the wood, 2) treat decayed areas with a fungicide, 3) waterproof with
two or three applicatlons of hoiled linseed oll (applications every 24 hours), 4) fill cracks
and holes with putty, and 5) after a "skin" forms on the putty, paint the surface, Care
should be taken with the use of fungicide which is toxic. Follow the manufacturers'
directions and use only on areas which will be painted. When using any technique of
building up or patching a flat surface, the finished surface should be sloped slightly to
carry water away from the window and not allow it to puddle. Caulking of the joints
between the sill and the jamb will help reduce further water penetration.

When sills or other members exhiblt surface
weathering they may also be bullt-up using wood
putties or homemade mixtures such as sawdust
and resorcinol glue, or whiting and varnish. These
mixtures can be bullt 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 semirigid epoxies which

This lllustrates a two-part expoxy saturate the porous decayed wood and then
patching compound used to fill the harden. The surface of the consolidated wood can
surface of a weathered sill and rebuild .

the missing edge. When the epoxy then be filled with a semirigid epoxy patching
cures, it can be sanded smeoth and compound, sanded and painted. Epoxy patching
painted to achieve a durable and compounds can be used to build up missing

ir. Photo: NPS files.
waterproof repaly. Photo: NPS flles sections or decayed ends of members. Proflles 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
baen rubbed with butcher's wax. This can be a very efficient technique where there are
many typical repairs to be done. The process has been widely used and proven in
marine applications; and proprietary products are avallable 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 materlals available for wood
repalr. More information on epoxies can he found In the publication "Epoxles for Wood
Repairs In Historlc Buildings," cited in the bibliography.

Any of the three techniques discussed can stabilize and restore the appearance of the
window unit. There are times, however, when the degree of deterioration is so advanced
that stabllization is Impractical, and the only way to retain some of the original fabric is
to replace damaged parts.

Page 7 of 11

Repair Class I1I: Splices and Parts Replacement

When parts of the frame or sash are so badly deterlorated that they cannot be stabillzed
there are methods which permit the retention of some of the exlsting or original fabric.
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These methods involve replacing the deterlorated parts with new matching pieces, or
splicing new wood into existing members. The techniques require more skill and are
more expenslve 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 cor missing parts. Most mifllwork firms can
duplicate parts, such as muntins, bottom rails, or sills, which can then he Incorporated
into the existing window, but it may be necessary to shop around hecause there are
several factors controlling the practicality of this approach. Some woodworking mills do
not like to repair old sash because nalls 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 shouid 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," Bulietin of the Assoclation for Preservation Technology, Vol. 1II, No. 4, 1971,
or illustrated more recently In The Ofd House, Time-LIfe Books, Alexandria, Virginla,
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 socme frames to the surrounding structure, especially
masonry walls, can complicate the work immeasurably, and may even requlre
dismantling of the wall. It may be useful, therefore, to take the following approach to
frame repair: 1) conduct regular malntenance 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 consldered If parts replacement is required, and that Is sash
replacement. If extenslve replacement of parts Is necessary and the job becemes
prohlbltively expensive it may be more practical to purchase new sash which can be
installed Into the existing frames, Such sash are avallable as exact custom
reproductions, reasonable facsimiles {custom windows with similar profiles), and
contempeorary 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 lecal bullding suppliers may provide a source of appropriate replacement
sash, but if not, check with local historical asscciations, the state historic preservation
office, or preservation related magazines and suppiy 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 tralned on slte to perform all of the window repairs; and a few
extenslve 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 sevenly dollars or more for a mill to grind & custom knife to
duplicate four or five bad muntins, that cost becomes negligible on large commercial
projects which may have several hundred windows.
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Most windows should nol 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 malntenance 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
repalrs identifled in this sectlon, if the percentage of paris replacement per window is
low, or the number of windows requiring repalr is small, repair can still be a cost
effective solution.

Weatherization

A window which Is repalred should be made as energy efficient as possible by the use of
appropriate weatherstripping to reduce air infiltration. A wide variety of products are
avalilable 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 inlo place in appropriate locations
to reduce infiltratlon. 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 cld weatherstripping (felt) is not likely to perform very
satlsfactorily. Appropriate contemporary weatherstripping should be considered an
integral part of the repair process for windows. The use of sash locks installed on the
meeting rall will Insure that the sash are kept tightly closed so that the weatherstripping
will function more effectively to reduce Infiltratlon. Although such locks will not always
be historically accurate, thay 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
achigving 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 deterloration. The correct approach to using interior storms is Lo create a seal
on the interlor 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 s always desirable and this Brief
is intended to encourage thal 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
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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) assoclated detalls such as arched
tops, hoods, or other decorative elements. Develop an understanding of how the window
reflects the period, style, or reglonal characterlstics of the building, or represents
technological development.

Armed with an awareness of the significance of the exlsting window, beglin 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. Contlnue looking until an acceptable
replacement can be found. Check building supply firms, local woodworking mills,
carpenters, preservatlon arlented magazines, or catalogs or suppliers of old building
materials, for product information. Local historical assoclations and state historic
preservation offices may be good sources of information on products which have been
used successfully in preservation projects,

Consider energy efficlency as one of the factors for replacements, but do not let it
dominate the issue. Energy conservation is no excuse for the wholesale cdestruction of
historic windows which can be made thermally efficient by historically and aesthetically
acceptable means. In fact, a historlc wooden window with a high quality storm window
added should thermally outperform a new double-glazed metal window which does not
have thermal breaks (insulation between the inner and outer frames intended to break
the path of heat flow). This occurs because the wood has far better insulating value than
the metal, and In addition many historic windows have high ratios of wood to glass, thus
reducing the area of highest heat transfer. One measure of heat transfer s 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 retentlon and repair of original
windows whenever possible. We believe that the repair and weatherlzation of existing
wooden windows [s more practical than most people realize, and that many windows are
unfortunately replaced because of a lack of awareness of techniques for evaluation,
repair, and weatherization. Wooden windows which are repaired and properly
maintained will have greatly extended service lives while contributing to the historic
character of the building. Thus, an important element of a building's significance wlll
have been preserved for the future.
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A NOTE TO OUR USERS: The web verslons of the Preservation Briefs differ somewhat from the printed verslons.
Many illustrations are new, captlons are simplified, illustrations are typically In color rather than black and white, and
sarmne complex charts have been omitled.

The Secretary of the Interior's "Standards for Rehabilitation” require that where historic
windows are individually significant features, or where they contribute to the character
of significant facades, their distinguishing visual gualities must not be destroyed.
Further, the rehabilitation guidelines recommend against changing the historic
appearance of windows through the use of inappropriate designs, materials, finishes, or
colors which radically change the sash, depth of reveal, and rmuntin configuration; the
reflectivity and color of the glazing, or the appearance of the frame.

Windows are among the most vulherable features of histeric bulldings undergoing
rehabllitation. This is especlally 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 he replaced and the mistaken assumption that they
cannot be made energy efflcient except at great expense are factors that typically lead
to the decision to remove them.

In many cases, however, repair and retrofit of the
historic windows are more economical than
wholesale replacement, and all toco often,
replacement units are unlike the originals in
design and appearance. If the windows are
important in establishing the historic character of
the building, Insensitively designed replacement
windows may diminish--or destroy--the building's
historic character.

http://'www.nps.gov/history/hps/tps/briefs/briet13.htm 11/16/20]10



Preservation Brief 13: The Repair and Thermal Upgrading of Historic Stecl Windows Page 2 of 14

This Brief identifies various types of historic steel
windows that dominated the metal window
market from 1890-1950, It then gives criterla for

! evaluating deterloration and for determining

f _ .| appropriate treatment, ranging from routine
| b | maintenance and weatherization to extensive

L. | ¢ 'y repairs, so that replacement may be avoided

—_ where possible.(1) 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.

Mai;'ita'“i;'g "i*‘;tor:': steel W'“dOWSC‘:O; This Brief is not intended to promote the repair of
continued use Is always recemmended. . .
Photo: NPS files. 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 signiflcant, but so deteriorated
that repair is infeasible. In such cases, the Brlef offers guldance in evaluating
appropriate replacement windows.

Historical Development

Although metal windows were available as early as 1860 from catalogues published by
architectural supply 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 rolling industry permitted the mass production of rolled
stee| windows. This technology made metal windows cost competitive with conventional
wooden windows. In additlon, a series of devastating urban fires In Boston, Baltimore,
Philadelphia, and San Francisco led to the enactment of strict fire codes for Industrial
and multi-story commerciat and office bulldings.

As in the process of making rails for rallroads, rolled steel windows were made by
passing hot bars of steel through progressively smaller, shaped rollers until the
appropriate angled configuration was achieved. The rolled steel sections, generally 1/8"
thick and 1" - 1-1/2" wide, were used for all the components of the windows: sash,
frame, and subframe. With the addition of wire glass, a fire-resistant window resulted.
These rolled steel windows are almost excluslvely found tn masonry or concrete
buildings.

A by-product of the fire-reslstant window was the strong metal frame that permitted the
installation of larger windews and windows in series, The ability to have expansive
amounts of glass and increased ventilatlon dramatically changed the designs of late 19th
and early 20th century industrial and commerclal buildings.

The newly available, reasonably priced steel windows soon became popular for more
than just their flre-resistant qualltles, They were standardized, extremely durable, and
easlly 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, double-hung, plvot, projecting, austral, and continuous
windows differed in operating and ventilating capacities. In addition, the thin proflles of
metal windows contributed to the streamlined appearance of the Art Deco, Art Moderne,
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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
avallable from the manufacturers of some of
the earliest steel windows. Before an informed
decision can be made whether to repalr or

. Histortc metal windows provide abundant
replace metal windows, however, the natural light In this rehabilitated industrial

significance of the windows must be determined space. Photo: NPS files.
and their physical condition assessed.

Evaluation

Historic and Architectural Considerations

An assessment of the significance of the windows should begin with a consideration of
their functlon tn relation to the bullding's historic use and Its historlc character. Windows
that help define the building's historic character should be preserved even if the bullding
is belng 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 bullding 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 bullding. whlle It may be easy to determine the aesthetlc 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.

One test of the importance of windews to a building s 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 repalred 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 locaticn of each window, the type of operahility, 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; deterloration of the
metal sections, including bowing, misalignment of the sash, or
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bent sectlons; 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 repalr; therefore, the evaluator
should first test for its presence. Corrosion can be light,
medlum, 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

i 4 b . texture), but has not caused any structural damage, then the

A severely deteriorated corrosion is medium. If the rust has penetrated deep into the
frame, such as this, can metal, the corrosion is heavy. Heavy corrosion generally results
be replaced In kind. in some form of structural damage, through delamination, to

Photo: Henry Chambers, - ;
AIA. the metal section, which must then be patched or spliced.

wh “'_’-.,_- el .

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 corroslve deterioration Is present.

In addition to corrosicn, the condition of the paint, the presence of bowing or
misalignment of metal sections, the amount of glass needing replacement, and the
conditicn 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
repalred in place. The more complete the inventory of existing conditions, the easler 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
actlons necessary to return windows te an efficlent and effective working condition will
fall Into one ar more of the following categories: routine maintenance, repair, and
weatherization. The routine maintenance and weatherizatlon measures described here
are generally within the range of do-it-yourselfers. Other repairs, both moderate and
major, requlre a professional contractor. Major repalrs normally require the removal of
the window units to a workshop, but even In the case of moderate repairs, the number
of windows Invalved might warrant the removal of all the deterlorated 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 essentlal that
excess moisture be eliminated and that the building be made as weathertight as possible
before any other work Is undertaken. Molsture can accumulate from cracks in the
masonry, from spalling mortar, from leaking gutters, from air conditicning condensation
runoff, and from poorly ventilated interior spaces.

Finally, before beglnning 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 abraslve methods wlll produce toxic dust. Therefore, safety goggles, a
toxic dust respirator, and protective clothing should be worn. Simlilar protective
measures should be taken when acid compounds are used. Local codes may govern the
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methods of removing lead paints and proper disposal of toxic residue.

Typical Rolled Steel Windows Available from 1890 to the
Present

DOUBLE-HUNG industrial windows duplicated the look of traditional wooden windows.
Metal double-hung windows were early examples of a bullding product adapted to meet
stringent new flre code requirements for manufacturing and high-rise bulldings in urban
areas. Soon supplanted in industrial buildings by less expenslve pivot windows, double-
hung metal windows regained popularity in the 1940s for use in speculative suburban
housing.

PIVOT windows were an early type of industrial window that combined inexpensive first
cost and low malntenance. 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 pivot. Windows that turned about a vertical axis were also manufactured
(often of iron). Such vertical pivots are rare today.

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 which 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 introduced.

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% ventilation as compared to
50% ventilation for double-hung windows.) Austral windows were often used in schools,
libraries and other public buildings,

CASEMENT windows adapted the English tradition of using wrought Iron casements with
leaded cames for residential use. Rolled steel casements (either single, as shown, or
palred) were popular In the 1920s for cottage style residences and Gothic style campus
archltecture. More streamlined casements were popular in the 1930s for institutional and
small industrial buildings.

CONTINUOUS windows were almost exclusively used for industrial bulldings 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.

Routine Maintenance

A preliminary step In the routine maintenance of steel windows is to remove surface dirt
and grease In order to ascertaln 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.

If it is determined that the windows are in basically scund condltion, the following steps
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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
elastomerlc caulk.

Recommended methods for removing light rust include manual and mechanical abrasion
or the applicatlon of chemicals. Burning off rust with an oxyacetylene or preopane 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 deg. 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 oxlde
sandpaper, or a variety of power tools adapted for abrasive cleaning such as an electric
drill with a wire brush or a rotary whlp 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 anticorrosive acid compounds. Effective on light and medium corresion, these
compounds can be purchased elther as liquids or gels. Several bases are available,
including phosphoric acid, ammonium citrate, oxallc acld and hydrochloric acid.
Hydrochloric acid is generally not recommended; it can leave chloride deposits, which
cause future corroslon. Phosphoric acld-based compounds do not leave such deposits,
and are therefore safer for steel windows. However, any chemical resldue should be
wiped off with damp cloths, then dried immediately. Industrial blow-dryers work well for
thercugh drying. The use of running water to remave chemical residue Is never
recommended because the water may spread the chemicals to adjacent surfaces, and
drying of these surfaces may be more difflcult. Acld cleaning compounds will stain
masonry; therefore plastic sheets should be taped to the edge of the metal sectlons to
protect the masonry surrounds. The same measure should be followed to protect the
glazing from etching hecause of acid contact.

Measures that remove rust will ordinarily remove flaking
paint as well. Remalning loose or flaking paint can be
removed wlth a chemlcal 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 palnt may serve to
protect the metal further from corrosion, and need not be
removed unless paint buildup 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 alcohel, and dried immediately in
m preparation for the application of an anticorrosive primer.
1 A - Since corroslon can recur very soon after metal has been
::g‘:;sitzrl:faif‘e;:ﬂi';cﬁts exposed to the alr, the metal should be primed immediately
removal and replacement after cleaning. Spot primlng may be required periodically as
with inappropriate aluminum  gther repairs are undertaken. Anticorrosive primers
?fl'::_(see below). Photo: NS oo nerally consist of oil-alkyd based palnts rich in zinc or zinc
chromate.(2) Red lead is no longer avallable because of its
toxicity. All metal primers, however, are toxic to some degree and should he handled
carefully, Two ceats of primer are recommended. Manufacturer's recommendations
should be followed concerning application of primers.
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Repair
Repair in Place

The malntenance procedures described above will be insufficient when corrosion Is
extensive, or when metal window sections are misaligned. Medium to heavy corrcsion
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 piywood 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 alsc been
successfully used in cleaning steel sectlons. While sandblasting equipment comes with
various nozzle sizes, pencil-peint 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 sectlons that
hold the glass. As with any cleaning technlque, once the bare metal is exposed to alr, It
should be primed as soon as possible. This includes the inside rabbeted sectlon 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
blowdrier (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 toxlc dust and sillca
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 re-
align the metal sectlons without removing
the window to a metal fabricator's shop. The
glazing is generally removed and pressure is
applied to the bent or bowed sectlon. In the
case of a muntin, a protective 2 x 4 wooden
bracing can be placed hehind the bent

y ] “Al ." Ly
portion and a wire cable with a winch can (44 £ ; ' I“\

apply progressively mare preslsure over The historic steel sash {sea photo above) was
several days until the sectlon is realigned. removed and replaced with modern aluminum

The 2 x 4 bracing is necessary to distrlbute f;Sf;; flfgﬁ'tllngh‘l"ta Tﬂgf‘ti"e ‘:'Suilhi":l’a:‘tpgn
e npu ng s historic characrer. oto:

the pressure evenly over the damaged fllos.

section. Sometimes a section, such as the

bottom of the frame, wlll 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 ¢leaned 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 easlest 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 fellow the
manufacturer's instructions for proper use and best results. The traditional patching
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technigue--melting steel welding rods to flll holes In the metal sections--may be dIfficutt
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 repalrs, glass replacement, hinge lubricatien, palnting, and other cosmetic repairs
can be undertaken as neacessary.

To complete the checklist for routine maintenance, cracked glass, deterlorated 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 glazlng 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
anticorrosive agent. These lubricants are available in a spray form and should be used
pericdically on frequently opened windows.

Final palnting of the windows with a paint compatible with the anticorrosive 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 sectlons 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 applled to
eliminate air and moisture inflltration where the window and the surrounding masonry
meet.

Caulking Is generally undertaken after the windows have recelved at least one coat of
finish paint. The perimeter of the masonry surround should be caulked with a flexible
elastomeric compound that wlll adhere well to both metal and masonry. The caulking
used should be a type intended for exterlor 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 inta conslderation)
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 sillcone,
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 palnt. 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, stralghtening of bent
sectlons, welding or splicing in of new sectlons, and reglazing. These major and
expensive repairs are reserved for highly significant windows that cannot be replaced;
the procedures Invalved should be carried out only by skllled workmen.

As part of the orderly removal of windows, each window should be numbered and the
parts labeled. The operable metal sash should be dismantled by removing the hinges;
the fixed sash andl, if necessary, the frame can then be unbolted or unscrewed. (The
subframe Is usually left In place. Bullt Into the masonry surrounds, it can only be cut out
with a torch.) Hardware and hinges should be labeled and stored together.
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The two major choices for removing flaking paint and corrosion from severely
deterlorated windows are dipping In a chemlcal bath or sandblasting. Both treatments
requlre removal of the glass. If the windows are to be dipped, a phosphoric acld solution
is preferred, as mentioned earlier. While the dip tank method is good for fairly evenly
distributed rust, deep set rust may remaln after dipping. For that reason, sandblasting Is
more effective for heavy and uneven corrosion. Both methods leave the metal sections
clean of resldual paint. As already noted, after cleaning has exposed the metal to the
air, it should be primed immediately after drying with an anticorrosive 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 cut, generally with
an oxyacetylene torch, and replaced with sectlons welded in place and the welds ground
smooth. Finding replacement metal sections, however, may be difficult. While most
rolling mills are producing modern sections sultable 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 ernamental metal
fabricator can weld fat plates into a built-up sectlon, 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 corroslon from the
subframe, taking care to protect the masonry surrounds from damage.

Missing or broken hardware and hinges shaould 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
tapplng in new screw holes. However, If the hardware is a hlghly significant element of
the histeric window, it may be worth having reproductions made.

Weatherization

Historlc metal windows are generally not energy efflclent; this has often led to their
wholesale replacement. Metal windows can, however, be made more energy efficient in
several ways, varylng 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 Inflltration arcund the windows. They usually have a
rapid payback period. Other treatments include applying fixed layers of glazing over the
histeric 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 weatherlzation 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 fixed frame come
together to reduce perimeter alr Infiltration. 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
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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
inslde 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, |t may be best to avold 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 applled glue are relatively thick, this form of weatherstrippling
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 socme very tall windows having closure
hardware at the sash mldpolnt, the thin sectlons 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 reguires 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 occcur. The
window is then closed until the sealant has set (27 days, depending on temperature and
humidity). When the window s 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 glven building. Successful
weatherstripping depends upon using the thinnest material adequate to fill the space
through which alr enters. Weatherstripping that is too thick can spring the hinges,
thereby resulting In more gaps.

Appropriate Types of Weatherstripping for Metal Windows

SPRING-METAL comes In bronze, brass or stalnless steel with an integral friction fit
clip. The weatherstripping is applied after the repalred windows are painted to avold
galvanic corrosion. This type of thin weatherstripping is intended for windows In good
conditlon.

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 for some sltuations. The weatherstripping is generally applled to the
window after painting.
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Closed cell FOAM TAPE comes either with or without an adhesive backing, It is effective
for windows wlth a gap of approximately 1/4" and Is easy to install. However, this type
of weatherstripping will need frequent replacement on windows in regular use, The
metal sectlon should be cleaned of all dirt and grease prior to its applicatlon.

SEALANT BEAD. This very effective type of weatherstripping involves the application of
a clean bead of firm setting 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 set
caulk as the weatherstripping.

Thermal Glazing

The third weatherization treatment is to
install an additional layer of glazing to
improve the thermal efficiency of the
exlisting 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
determlne the choice of method. Methods of
adding a layer of glazing to improve thermal

Historic steel sash can be fitted with dual glazing )
to improve thermal efficiency. Photo: NPS files.  €fficiency include adding a new layer of

transparent materlal 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 optlons 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 Lo support the material, and leng-term
maintenance outlook. If the material is placed over the entire window and secured to the
frame, the sash will he inoperable. If the continued use of the window is important (for
ventllation or for fire exits), separate panels should be affixed to the sash without
obstructing operability. Glass or acrylic paneis 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 avold condensation, 1/8" cuts in a top corner and dlagonally
opposite bettom corner of the gasket will provide a vapor bleed, through which moisture
can evaporate. (Such cuts, however, reduce thermal performance slightly.) If
cendensation 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. (Plvot and austral windows, however, which project on either side of the
window frame when open, cannot easily be fitted with storm windows and remaln
operatlonal.) The storm window should be compatible with the original sash
configuration. For example, in paired casement windows, elther specially fabricated
storm casement windows or sliding units in which the vertical meeting rall of the slider
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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 bullding. 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 extericr rather then interior storm windows.

The third methed of installing an added layer of glazing Is to replace the original single
glazing with thermal glass. Except in rare instances In which the criginal 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.

Window Replacement

Repalr 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 unavailabllity of replacement sectlons renders repair impossible,
replacement of the entire window may be justified.

In the case of significant windows, replacement in kind is
essentlal in order to maintain the historic character of the
building. However, for less significant windows, replacement
wlth compatible new windows may be acceptable. In
selecting compatlble replacement windows, the materlal,
configuration, color, operability, number and size of panes,
profile and proportion of metal sectlons, 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 conflguration of historic
windows, most of these manufacturers can reproduce the
historic configuration If requested, and the cost is not —

excessive for large orders. Some manufacturers still carry I:I;fa‘ge?nse'::::&sfj:é' of the

the Standard pr‘e-WOI‘|d War II multi'”ght W|ndOWS USing the dateriorated frame shown
traditional 12" x 18" or 14" x 20" glass sizes in Industrial, above, Photo: Henry
commercial, security, and residential conflguratlons. In Chambers, AIA.

addition, many of the modern steel windows have integral weatherstripping, thermal
break construction, durable vinyl coatings, insulating glass, and other desirable features.

Windows manufactured from other materials generally cannot match the thin profiles of
the rolled steel sections. Aluminum, for example, is three times weaker than steel and
must be extruded into a boxlike configuration that dees not reflect the thin historic
profiles of most steel windows. Wooden and vinyl replacement windows generally are
not fabricated In the Industrial style, nor can they reproduce the thin profiles of the
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rolled steel sections, and consequently are generally not acceptable replacements.

For product information on replacement windows, the owner, architect, or contractor
should consult manufacturers' catalogues, building trade journals, or the Steel Window
Institute, 1230 Kelth 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 repalr and thermal upgrading of
historic steel windows is more practicable than most people realize. Repaired and
properly maintained metal windows have greatly extended service lives. They can be
made energy efflcient while maintalining thelr contribution to the historic character of the
building.

NOTES

(1) The technical information given in thls brief is Intended for most ferrous (or
magnetic) metals, 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. For information on cleaning stainless steel and nonferrous metals, such as
bronze, Monel, or aluminum, refer to Metals in America's Historic Buildings (see
bibliography).

{2) Refer to Table IV. Types of Paint Used for Palnting Metal in Metals Iin America's
Historic Buildings, p. 139. {(See bibliography).

(3) One 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 5/8" 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 1" insulating glass (.67 U-value); with added thermal
break construction and factory finish coatings (.62 U-value).
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Incentives

The Review IMocees

Poogram Estantidly  Apphicalion Baies

Flstorie Bullding Exterior: Windows

Replacement for
Missing or Non-
historic Windows

Many bulldings hava Inappropriale
replacement windows or missing
windows. Although installing a
replacement window thal replicates the
criginal historic windaw may be
desirable, documeniation of original
windows may nol be available. The
minimum requirament is thal the new
windows ba censistent wilh the histeric
characler of the bullding.

[ncentives A GUIDIE TO THE FEDERAL HISTORIC PRESERVATION TAX INCENT...

Page 1 of 1

Natlopal Park Service

Marting tha Standards for Rehabiliarion

TORICS IN THIS SECTICN:

Above: Replacing these existing incompalible replacemen! windows (lell) with
simitar units would nol meel the Standards. New windows inslalled n a
rehabililation projecl shoulkd be compalibla with tha hisloric characler of lhe
building. In this case, new windows (right} that convey he general appesrance
of induslirial steel windows that wera historically on tha bullding were lhe
approgriate chelce for 1his building. Photos; NPS files

Glazing

Unless the property is & mid 20lh-century building, hisloric glazing is unlikely to
be linted or raflective. Unlike contemporary tinled glass, most clear low-e
coalings currenlly in use have very tiftle visual effect and may be used on
historic buildings. It is recommended that a sample of glass be submiltad for
raview if othar than clear glass I3 being proposad. Where the hislorlc glazing
was not clear, such ag {he obscura glass found in many industrial buitdings, a
replacement olher than clear, may be considared.

Left; The leansparency of glasa is crilical lo the funclion of a shop window. The
introduction of reflective glass here Is Inconsistent wilh Iha historic character of
this building, Photo: NPS files

Q
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Incentives

Frogram Essanuale Application Batcs The Review Process Meeting the Stapdards for fiehiabiliagaen  Avolding Incampatible Wark

Histore Bullding Extenar: Windows TOPICS IN THIS SECTION: m
Windows Repair

Windows are a significant part of Where historlc windows exisl, they should be repaired, where possible. Repair may

lhe exterior gnvelopae of most Include Incramanial reptacement of Indlvidual elaments such as sills or sash. Lead
buildings and are imporlant in abatemant or tharmal performance may be accomplishad without tha loss of hisloric
defining lhe historic charasler of a windows and is not Juslification for replacement.

building--koth inslde and aut.

Historic windows should always Thermal upgrade

Storim windows have bean a Iradilional means of improving efficiency for over a
cenlury. They also prelect the historic window iisslf. When detailed lo minimize their
visual intrusiveness, {hey are an acceplable addilion te a historic window. Another
oplion possible in some cases Is the modification of exisling historic windows to allow
reglazing with insulaled glass.

be redalned, when possible. Yet,
owners fraquanlly proposs
replacemant af existing historle
windows, When window
replacement Is appropriale,
selecling new windows that are
comgpatible with the building's
hisloric characler is cne of the
mest common and difflcull Issuas
in rehabililalion,

To meet the Standards for
Rahabllitation, missing, non-
hisloric, or severaly datericraled
windows that cannet be rapairad
should be replaced with windows
that malch lhe hisforic windows In
matarial, size, munlin
configuralion, and reflective

quallly.
O

Tha hisloric weod windows {lafl} were repaired and exterior slorm windows added
{right). This approach mests tha Standards lor Rehabililation. Pholes: NPS files
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MNatlonal Park Sorvice

Incentives

Pregram Ldsentlaly  Application Baskes  The Review Precess  Masting the Standardt Tor Belabllitation  Avalding Ineompatibile Wark

Fisterie Bullding Exierior; Windows TOPICS IN THIS SECTION; m

Replacement of Severely Deteriorated Windows

Any replacement other than a custom-crafted replica Involves some measure of
change in appearance. Even a wood window, if il is 8 modern manufactured produci,
will hava proflles and dalalls thal vary from hisloric windews. The acceptability of any
replacemant Is basaed on the overall visual effect of the new window as compared to
lha historic window.

Documentation

Deterioralion justiying replacement
needs lo be decumented with good
¢lose-up phetographs, When pessible,
a trial repair, photographed and
evaluated, is an excellant way to
detarming whether or nct rapair is

The exlensive reasonable.

detericration of ihis

historlc metal window An alternalive 16 acale drawings I a
juslifies ils replacement mock-up or sample Installatlon

with a malching new photographed logether with an exisling
window. Photo: NPS files window, A mock-up may be paricularly

helpiul in determining the Imporlance
of variations betwaen tha delencrated
higloric windew (lafl) and Ihe proposaed
replacement wingdow {right).

Photos: NPS files

Substitute materlals

Much of the character of a window derlves from Its materiats, Using a subsiilute
malerial for a replacement window adds another element of change. Cn small-acale
residential buildings or any building where 1he interlor appsarance of lhe window is
imporlant o the character of the building, wood windows may be the only appropriate
replacement for historic wood windows. A subsitlule material is nol appropriale if it
does nof permit the profile and dimension of the hisleric window to be repraducad
accurately.

Clad wood windows generally have the same profiles as olher manufactured wood
windows, but a clad windew will be notlceably differant If Lhe cladding is applied wilh
joints that do not match the lines of typical wood window joinery. Also, clad windows
do not offer the range of profiles necessary to match some windows, particularly very
large wingows.

Muntins

True divided lights are desirable, but
accurately matching the size and profile of
lhe higloric munting is just as importanl.
Beaded and ogee-shapad glazing beads
are a poor match for the simple pully bevel
of a hislorlc window. Extericr applied
muntins--when backed up by befween-the-
plass spacers and/or Inlerior muniins--may
adequaltely convey the affect of divided
lights on hlgh upper floors. On lower floors, the historic windows should be relained
and preserved.

A now sarnple muntin (above), with ils shallow, irragular profile, Icoks vary different
from tha simple, deeper profile of the glazing pully on the histaric window. The new
muntin would not be an acceplabla replacement, Photo: NPS files

Instaliation

Succossiul raplacemant windows depend noi only on tha match of the windows
themsalves, bul also on the way they are instaled in the wall, The relationship of
window to wall plane should nol change when a window is replaced. [nstalling a full

http:/www.nps.gov/history/hps/tps/tax/incentives/avoiding_6.htm 3/28/2011
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raplacemant unil withcut removing the exisling jambs will usually reduce the glass size
and unacceptably compromise tha match.

Operation

Tha way a hisloric window operates is a
major component of lls appearance, While
o replacement window should capture lhe
visual affect of that operalion, it doas nat
have to operata in {ha same way or af all.

Righl: The heavier frame of the pivol sash
in thig historic industrial bullding creates a
distinclive pattern in the overall grid of
munlins, This visual distincilon can clearly
be reproduced In any replacement window, regardiess of how or whather the window
operaies.

Photo: NPS files
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Residential Window Types

The character of older and historic homes are often defined by their
windows, whether an 18805 Queen Anne or a2 1950s Split-Levei. wWhile
they vary in size, shape, materials and proportion, windows also give
scale to a house and provide depth. The proportion, divisions and
materials of a window are essential elements of design. In most cases,
windows are the most dominant visual element of an older and historic
house.

Casement Patterned ' fan

Like architectural styles, there are a wide range of window types.
Windows have evolved as technoleogy has advanced. From the early
multi-pane double-hung sash to the modern plate glass picture
window, they have also changed along with the popularity of different
residentizl architectural styies.

As a homeowner of an older and historic residence, you may want {o Gothic Gueen Anne |
learn more avout your windows, why they are unigue and, most
significant, how to ensure they are maintained and energy efficient.
The weatherization of windows, as part of a whole-house strategy, is
important. Homeowners have choices. Older windows can always be
retrofitted to be more energy efficient through a variety of metheds,

depending on the type of window.

Leaded and |
Stained Glass

Single, Double
and Triple-
Hung Sash

This guide is intended as a rescurce to heip get you started by
identifying some of the most common window types found in older
and historic residential architecture. A series of online links are
provided for many of the window types so you can learn more.

For more information...

Additional
wWindow Types

Go to www.PreservationMNation.ora/Weatherization fo find Modern

additional resources on windows and much mare for your
older and histaric building.
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Bay and Bow

Bay and Bow

Angular and projecting from the wall, bay windows can be found on
any story of a building and on many building types. A bay window will
allow more daylight, provide more views and offer better air circulation.

Bay - This window is usually made up of three individual window units
(though sometimes it can be more). The side units will project cut-
wards from the wall and the center window will join them together.
Generally, angles may be 30, 45, 60 or 20 degree angles. Windows will
be combined often with operable and inoperable units.

SBow - Like a bay, this window combines a more rounded curve than the
angled step style of the related bay window type. Generally there will
be four or five window units to make up the curved bow window.

Bay with metal casement windows on Tudor style house.
Art Deco apartment building in Brooklyn, NY, with metal
casermnent windows.

Bay with one-over-one wood double-hung sesh window
Bay with single metal casement windows on Tudor style
house,

o0 wr
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Weod-frame Victorian cottage with prominent bay window
Manchester, New Hampshire
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Casement Streamlined Art Moderne house with metal casement windows
Casernent windows are often z defining element of residential architec- South Bend, Indiana
ture. These are widely used in both traditional and contemporary de-
sign. Casement windows are fypicat of the Tudor, Arts and Crafts, Art
Deco styies, These windows are hinged on one side and may swing out
orin. They can be arranged as a single window or paired and the
frames may be wood or metal {rolied stee[). Metal casement windows
can be made more energy efficient by caulking around the mascnry
openings, adding weather stripping and installing storm windows
{interior and/or exterior).

A, B Streamlined casement windows were popular in the 1830s and
4Qs for Art Deco and Art Mederne architecture.

C Traditional casement designs were often used in the 1920s and
20s for cottage and Tudor sityle residences.

D Central fixed casement with transoms on apartment building in
Denver. CO.

E Brass casement, hinged so that it swings in.

Resources (click title for link):

- The Repair and Thermal Upgrading of Historic Steel Windows.
Natignal Park Service. Sharon C. Park, AlA.

« Steel Casement Window Repairs. City of Phoenix, AZ.

»  Metal Windows. Building Conservation Directory. Peter Clement
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Gothic Gothic Revival house with paired lancet arched windows
Commonly pointed, may be paired or have additional windows flanking Windsor, Vermont
the center window. Windows may be angular or feature a lancet arch —
a tall narrow window with pointed arch at the top, shaped often like a
spear, An architectural motif found often on religious structures, placed
singularly or in pairs. Appears in early Gothic period of architecture and
later Gothic Revival style of nineteenth century. Features detalling and
elements also often referred to Carpenter Gothic residential architec-
fure, Found often in picturesque rural settings.

A Paired windows with lattice-style fenestration and drip mold,
designed to protect the window from water — directing it out
and away from the sash.

In this example, note how the functional shutters are desianed
to match the profiles of the primary sash,

The use of scroll saw allowed the application of elaborate wood
moldings, im this case, over leaded-glass.

Paired one over one double-hung sash Gothic window.

Singular two over two double-hung sash Gothic window,

m g [Q VS

Resources (click title for link):

»  Guide to the Alexander Jackson Davis Papers.

- Lyndhurst, America’s preeminent example of residential Gothic
Revival architecture, Terrytown, NY,

HAR/PUL 11035 ueppy
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Leaded and Stained Glass Tudor Revival house with projecting, leaded-glass bay window
Although colored or beveled glass is often referred to as [eaded and/or Philadelphia, Pennsylvania
stained glass, there are varieties and different types despite the inter-
changeable use of terminology. This highly decorative glass can be col-
ored, painted, enameled or tinted and held together by lead, copper or
zZinc cames. Residential architecture of all styles often incorporates this
form of window.

A Detail of shoe from window in the Shoe House in York, PA,

B Rceund arched double-huing sash window with elaborate design.

C Transom with leaded and stained glass on Breooklyn, NY, row
house.

D The richness of detail is visible in this window.

E Oval-shaped fixed stained glass window.

Resourceas {click title for link):

. Conservation and Restoration of Stained Glass — An Owner's
Guide. Virginia Raguin.

»  Sciantific Examinations of Histerical Stained Glass. Manfred
Torge, Wolfgang Muller and Karin Adam.

« Stained-Glass Protection: Ventilation Specifications for Protec-
tive Glazing. Ron Bovard.

- The Preservation and Repair of Historic Stained and Leaded
Glass. National Park Service. Neal A, Vogel and Rolf Achilles.

diHLN/3LS 11005 ueLpy
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Modern Ranch style house with large steel-framed picture window
Like earlier architectural styles, windows are important In helping to de- Dallas, Texas
fine modern, mid-century house types, from ranch houses to split lev-
els. The sizes, types, arrangements and materials of windows during
this pericd were largely experimental and ofien rmass produced. Over-
sized plate-glass fixed windows, clerestory and the ‘picture window' are
some of the innovations. Modern windows can be made more energy
efficient by caulking arcund the masonry openings, adding weather
stripping and instatling storm windows (interior and/or exterior).

A irregular and oversized fixed plate glass windows.

B Picture window with fixed plate glass at center and operable
jalousie windows flanking at each end.

Distinctive stained glass wall on ranch house in Savannah, GA.
Angular clerestory windows.

Curved glass blocks.

maao

Resourceas {click title for link):

+  Atomic Ranch magazine

« Histeoric Preservation Guidelines for Village Grove 1-6 Historic
District. City of Scottsdzale, AZ.

« Litile Boxes. Norih Carclina Signature

« Retro Renaissance. Alaska Airlines Magazine.

JHIN/BULS 11005 ueppy
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Criel Tudor Revival house with leaded glass oriel window over entrance
These projecting bay windows, usually on an upper story, do not ex- Drexel Hill, Pennsylvania
tend to the ground. They originally developed as a form of porch, | . ey .

popular in Gothic Revival style buildings. Typically its walls are sup- g o= B e =z _:\,:f‘y

ported by a corbelled or bracketed base.

>4

A Oriel with three brackets on brick Queen Anne residence.

B Metat-sided criel with curved glass sash and leaded glass
fransoms.

C Two-sided orial on Queen Anne style residence in Sacrameanto,
CA.

D Oriel with copper base at gable of Queen Anne style residence
in Harrisburg, PA.
E Queen Anne residence in Wilmington, DE, with wood-frame oriel.

Resources (click title for link):
+ Oriel Windows: A Pattern Book for Newaguay.
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Patterned Gueen Anne house with diamond pattern upper sash windows
The Arts and Crafts, Prairie and Queen Anne architectural styles often Seattle, Washington
feature windows with very distinctive and unique patterns. These are
usually casements or double-hung wood sash windows, Scmetimes the
upper sash will be divided intc multiple panes of glass with a lower
sash as a single piece of glass. Usually these ara in the form of grids or
diamond/lattice style patterns. Often the window surrounds and cas-
ings will be very wide, and grouped as ribbon windows, especialty with
the Arts and Crafts and Przirie styles,

Lattice patterned sidelights and Dutch door.
Twenty-one-over-one Craftsman style double-hung sash.

Pair of twelve-over-two, wood casement windows on 1930Cs
residence in New Orieans, LA. ]

Diamond patterned double-hung sash window and fixed transom.
Six-over-one double-hung sash windows with wide surround.
Fixed center window and two casernent windows.

OO

mmo

Resources {click title for link);
» Craftsman Style Guide, City of Glendale, CA.
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Queen Anne Victorian era house with a variety of Queen Anne windows types

These windows vary widely, but larger square or diamond panes of Milford, Delaware
glass surrounded by smali glass squares were popular. Generally, win-
dows are double-hung sash with wood frames. The small squares were
often stained glass, using textured glass or bevel-cut panes. Like their
windows, the Queen Anne architectural style is elaborate, often with ex-
cessive detailing.

A Diamond detail of one-over-one double-hung sash window
on San Francisco, CA, residence.

B Round arched Queen Anne style upper sash windows and
transom.

C Multi-colored stained glass and elengated diamond pattern
characterize these windows on a bay in Chicago, IL.

D Arched Queen Anng double-hung sash window with fixed

semi-circular windows at gable of house in Gettysburg, PA.

Queen Anne double-hung sash window on row house.

g
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Single, Double and Triple-Hung Sash

Single-hung sash, Double-hung sash and Triple-hung sash
In single-hung windows, only the bottom sash moves. In double-hung
windows, which evclved from the single hung sash, both the top and
bottom sash are moveable. In triple-hung windows, each sash may
move or the center may be fixed,

A Two-over-two. Each sash has two panes of glass. These windows
became popular as glass-making tachnology improved, making
individual pieces of glass larger and more affordable.

B Six-over-six. Multi-light windows are named according to how
many panes of glass are in each sash, Other common arrange-
ments are nine-over-twelve, and nine-cver-six.

C One-over-One. Each sash has just one pane of glass. The windows
in this example have arched upper sash. One-over-one windows
became increasingly common after the last guarter of the nine-
teenth century.

] Six-over-six, triple-hung sash. Unigque design that offers good
floor to ceiling ventilation. This example features decorative
stained glass motif in upper sash.

Resources (click title for link):

« How to Restore Sash Windows. Old House Journzal.

« Restoring Window Sashes. Fine Homebuilding. David Gibney.
« Sash Windows. Winchester City Council.

dHLN/DUL 11008 LD Y

Queen Anne cottage with one-over-one double-hung sash windows
Indianapelis, Indiana
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Additional Window Types

Additional Window Types

Most residentia! architecture is vernacular, incorporating a variety of ar-
chitectural styles and features, including window types. Some of these
zre based on historical precedenis, such as the Palladian window,
narmed for 16th century architect, Andrea Palladio. Cthers are often a
combination of traditional and modern interpretations.

Keyhole window with fixed pin-wheel upper sash.

Bevel-cut glass window with floral detail

Semicircular fanlight window, located above doorways.

Modern interpretation of sidelights with glass block on house in
Portland, OR.

Aluminum picture window witn casements on Lustron house.
Balladian style window on residence in Harrisburg, PA.

DOwr

mm

Resources (click title for link):

«  Andrea Palladio 1508-1580. Italian Seritage & Cu:ture Committee of
New Yor«, Inc.

« The Lustron Home

dHLM/AH 11005 uripy

Arts and Crafts bungalow with casement and double-hung windows
Savannah, Georgia
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The Naftional Trust for Historic Preservation (www.PreservationNation.

org} is a non-profit membership organization bringing people
tegether to protect, enhance and enjoy the places that matter to
them. By saving the places where great moments from history—and
the important moments of everyday life—took place, the National
Trust for Historic Preservation helps revitalize neighborhoods

and communities, spark economic development and promote
environmental sustainability. With headguarters in Washington,

DC, nine regional and field offices, 29 historic sites, and partner
organizations in all 50 states, the Naticnal Trust for Historic
Preservation provides leadership, education, advocacy and rescurces
to a national network of people, orgzanizaticns and tocal communities
commiitied to saving places, connecting us to our history anc
collectively shaping the future of America's stories.

1785 Massachusetts Avenue, NW
Washington, DC 20036

www.PraservationMNation.org/Weatherization
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Romanesque Revival house with leaded and curved glass windows
Denver, Colorado
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A tip sheet from the National Trust for Historic

Preservatfon

National Trust for Historic
Preservation

1785 Massachusetts Ave,
NwW

Washington, DC 20036
(202) 588-6000

(202) 588-6462 (fax)
infoe@nthp.org
www.PreservationNation.org

This tip sheet on historic
wood windows was
developed as part of the
MNational Trust for Historic
Preservation's Sustainabllity
Inltiative.

About the Initiative:
Historic preservation can -
and should - be an
important component of
any effort to promote
sustainable development.
The conservation and
improvement of our existing
built resources, including re-
use of historic and older
‘buildings, greening the
existing bullding stock, and
reinvestment in older and
historic communities, is
crucial to combating climate
change.

Learn more about
Praservation and
Sustainabllity on the web:
www.preservatlonnation.org
Jissuss/sustainability

For more Information,
contact:

Patrice Frey, Director of
Sustalnability Research
(202) 588-6255
Patrice_Fray@nthp.org

Barbara A. Campagna,
AlA, LEED AP, Graham
Gund Architect

(202) 588-6291
Barbara_Campagnakdnthp.org

Rebecca Wllllams (author
of this publicatlon), Field
Representative, Northeast
Office

(617) 523-0885
Rebecca_wWilliamsanthp.org

® 2009 National Trust for
Historlc Preservation. All
rights reserved. i

lintroduction

here Is an epldemic spreading

across the country. In the name of

energy efficiency and environmental
responsibility, replacement window
manufacturers are convincing people to
replace their historic wood windows. The
result Is the rapld eroslon of a building’s
characler, the waste of a historic resource,
and a potentlal net foss in energy
conservation. Typically replacement
windows are vinyl, aluminum, or a
composite with woaod, and none will last as
long as the original window. Repairing,
rather than replacing, wood windows is
most likely to be the "greener option” and
a more sustainable building practice.

Research shows that most traditionally

‘ designed wood-frame buildings lose more

heat through the roof and un-insulated
walls than through the windows.' A
historic wood window, properly
maintained and fitted with a storm
window, can be just as energy efficient as
a new window.? Replacing a historic single
-pane window also may not save you
much money in the long rua, While the
exact figure will vary depending on the
type of window installed and whether or
not a storm window Is used, studies have
found that it could take 100 years or mote
for a replacement window to pay for itself
in energy savings.® According to
information published in a recent O/¢/
House Journal article, it could take 240
years to recoup the cost of replacing a
single-pane window-starm window
combination with a low-e glass double-
pane thermal replacement window.* Also,
a historic wood window can easily last
more than 100 years, while a new window
may not last 25,

Not every wood window can be
repalred and there are situations where
replacement is appropriate, However,
many historic wood windows can and
should be repaired, especially if the
windows were manufactured before about
1940, Wood windows made before this

Historic windaws are ameng the most impar-
tant elements of a building. Simple repairs and
routine maintenance coupled wilh storm win-
dows make for energy efficiency that in most
cases matches, if not exceeds, the efficiency of
replacement windows, Workshops throughout
the region have taught building owners easy
ways to care for their historic windows. Al the
Waodlawn Museum in Ellsworth, ME, a grant
fram the Natlonal Trust for Historic Preserva-
tien helped fund a window repair workshop.
Photo courtesy of the Wandlawn Musenm

time were constructed with individual
parts, each of which can be repaired or
replaced. The wood itself is denser and of
higher quality than what Is grown today,
and it Is generally more rot- and warp-
resistant than modern wood.

These are just some of the practical
reascns ta repair rather than replace
historic wood windows. In addition,
repalring the historic window helps
maintain a building's authenticity. Once
atiginal material is removed from a
bullding, it is gone forever. There are many
more benefits to repairing your wood
windows, so keep reading.

1. Rypkema (20086); James ef al (1996); Klems
(2002), 2. James el a/ (1996); Klems (2002). 3.
Sedovic (2008}, e.. rasearch by Kelth Heberern,
calculations available at

www historichomewarks.com/hhw/education/
windowshandout/windowenergyanalysis.pdf. 4.
"Let the Numbers Convince You: Do the Math.” Qld
House Journal 35 ne. 5 {(September/October
2007).
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Wood Window Basics

Using this 12-over-12, double-hung wood window as our example, here are the basic terms used for wood
window parts. This window is called 12-over-12 because there are 12 panes of glass in each sash. Both
sashes are moveable so it is called double-hung. If only the bottom sash moves, it is called singie-hung.

Jamb (the wood that frames the
window opening)

Top Sash (upper section of win-
dow, may slide down to open)

Meeting Rail or Check Rall (the
rail where the two sash come to-
gether)

Bottom Sash (lower section of win-
dow, typically slides up to open)

Sill (exterior, horizontal piece at the
bottom of the window frame, com-
monly wood, stone, or brick)

Stool (interior shelf-like board at
the bolltom of a window against
which the bottom rail of the sash
rests)

Rail (horizontal part of sash)

Stile (vertical part of sash)

Muntin (horfzontal, vertical, diago-
nal, or curved pieces that frame and
provide mounting surface for the
lights) The shape, or profile, of the
muntin provides a clue to the win-
dow's age.'

Light/lite/pane (glass, held in place
by glazing pulty and meial glazing
polnts)

Windsor, VT,

A c. 1846 wood window in the former
Robbins and Lawrence Armory, now
the American Precision Museum in

1. Garvin (2002).

My Windows Are Old and Drafty, Why Shouldn’t | Buy New Ones?

1.

More heat is typically lost though your roof and
un-insulated walls than through your windows.
Adding just 3 and 1/2 inches of insulation in your
altic can save more energy than replacing your
windows.'

Replacement windows are called “replacemant”
for a reason, Manufacturers-often offer lifetime
warrantees for their windows, What they don't
make clear is thal 30% of the time, a replacerment
window will be replaced within 10 years.
Replacement windows that contain vinyl or
PVC are toxic to produce and create toxic by-
products. Installing these in your hause is not a
‘green’ approach.?

If your wood windows are 60 years old or older,
chances are that the wood they are made of Is
old growth—dense and durahle wood that is now
scarce. Even high-quality new wood windows,
except for mahogany, won’t last as long as
historic wood windows.

Studies have demonstrated that a historic wooed
window, properly maintained, weatherstripped
and with a storm window, can be just as energy
efficient as a new window.?

6.

According to studies, it can take 240 years to
recoup enough money in energy savings to pay
back the cost of installing replacemeant
windows.?

Each vear, Americans demolish 200,000
buildings. That is 124 milllon tons of debris, or
enough waste to construct a wall 30 feat high
and 30 feet thick around the entire U.5.
coastline.” Every window that goes into the dump
is adding to this problem.

With a little bit of practice, it can be easy—and
inexpensive—to repair and maintaln your woad
windows.®

Not a DIY-er? There are people near you who can
do it fer you. Hiring a skilled tradesperson to
repair your windows fuels the local economy
and provides jobs.!

. Historic wood windows are an important part of

what gives vour older building its character,

1, Rypkema (2006). 2. Sedovic (2005). 3. e.g. Calculations by Keith
Heberern avallable at www.historichomewaorks.corm/hhw/aducation/
windowshandout/windoweneargyanalysls.pdf, 4. Hadley (2006). 5.
e.g. www.historichgimeworlks,com
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6 mil plastic taped to the floor.

e [Eating a nutritious diat rich in
Iron ang calcium will reduce the
amount of lead absorbed by
your body if any does happen to
be ingested.

e For more tips on how to work
lead-safe, see “Lead Paint Safety:
A Field Guide for Painting, Home
Maintenance, and Renovation
Work" availabte at
www.hud.gov/offlces/lead/
training/L BPaulde,pdf and the
National Park Service Brief #37,
“Appropriate Methods for
Reducing L.ead-Paint Hazards in
Historic Housing” at
www,nps.aov/history/hps/TPS/
briefs/brief37.htm.

¢ John Leeke's website
www.historichomeworks.com
also has practical tips on lead-
safer work practices,
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Additional Help

ith nearly half of greenhouse gas
amissions attributed to the con-
struction and operation of bulld-

ings, older and historic buildings are cen-
tral to our sfforts to address climate
change. Tha National Trust for Historlc
Preservation’s Sustainabillty [nltlatlve
pramotes the reusa of existing buildings,
reinvastment in existing communities,
and green retrofit of older and historic
buildings to help lower carbon emissions,
For more information visit
www.raservationnation,arg,

Additional help may be available from
your State Historic Preservation Office
(SHPO). Find your SHPO at
www,ncshpo.org/. Private statewide and
local praservation groups serve as the
neltworlk centers and representatives of
local preservation activities within their
states. The nine Regional and Field Of-
fices of the National Trust for Historic
Presarvation (NTHP) bring the programs
and services of the NTHP to preservation-
ists within their regions. Find your nearest
NTHP Reglonal Office and state and local
preservaltion organizations at
www.oreservationnation.org/abyout-us/
partners/statowide-local-partners/
contactshiml
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Basic Maintenance

here are many good, practi-

cal books and magazine arti-

cles to guide a handy person
in the basic maintenance of wood
windows, Several publications are
listed in tha references section of
this tip sheet. To get you started,
here are some of the keys to many
yvears—and generations—of life
with older wood windows,

1. Keep the exterior surfaces
painted, including the glazing
putty. Paint protects the weod and
putty from water and extends thelr
service life. Be especially attentive
to horizontal surfaces where water
may collect.

2, Glazing putty will eventually dry
out and is meant to be periodically
replaced. You can do spot repairs’
initially, but eventually it will be
easier to re-glaze the whole sash.

3. Keep movable surfaces, such as
the inside jamb, free of paint build-
up 50 that the sash can slide freely.

4. If your sashes are hung with
cord, keep the rope free of paint.
This will improve the window's op-
erability. Cord will eventually dry
out and break but can be replaced.
When replacing the cord yvou can
also re-hang the weights so that
the sash will be balanced.

Winter Tips

ost of the heat transfer

occurs around the perime-

ter of the sash rather than
through the glass. So the tighter
the seal around the window and
between the upper and lower sash,
the more energy efficient the win-
dow will be. Here are some Lips to
help you save on your heating bills.

Check the lock. Most people think
the sash lock is primarily for secu-
rity. It does help with security, but
the lock's most important job is to

ensure that the meeting rails are
held tightly together. A tight fit
greatly reduces air infiltration.

Weather stripping—add it or re-
new it. Adding weather stripping
to yvour window can increase the
window's efficiency by as much
as 50%. It's an inexpensive way
to boost your window's effi-
ciency. There are rmany different
kinds from which to choose. Re-
fer ko the articles listed at the
end of this tip sheet. The staff at
your local hardware stere should
alsc be able to assist you.

Storm windows—use them!
There are many styles from which
to choase, including storms that
can be fitted on the interior of
the window. Many studies have
shown that a wood window in
good condition fitted with a
storm window can be just as en-
ergy afficient as the more expen-
sive replacement window, Due {o
the thermal exchange properties
of wood, there is also a growing
interest in traditicnal wood-
framed storm windows as they
transfer less heat than metal-
framed storms,

Condensation. If you find con-
densation on the inside of yaur
primary window, cold air [eaking
through the sterm window is
likely the culprit. If the condensa-
tien is forming on the inside sur-
face of the storm window, warm
air from the building interior is
leaking in around the primary
window. When warm and cald air
are present on opposite sides of
glass, condensation forms {think
of a celd glass of lemonade ¢n a
hot day). When condensation
forms on your window glass, wa-
ter can collect on the horizontat
wood parts of the rails, muntins,
and sill, which can lead to paint
failure and rot. To reduce con-
densation, you need to limit the
amount of leaking alr. Add or re-

place weather stripping, make sure
the sash are meeting properly and
that the sash lock |s tight, and
check the seal around the exterior
of the storm window and caulk if
necassary. When caulking around
the perimeter of exterior storms it
is important to leave weep holes at
the bottom so that any condensa-
tion or infittration that does occur
can drain out.

What About Lead?

f vour windows retain paint that

was applied prior to 1978,

chances are there is lead paint
on them. Just because there may
be lead paint on the windows does
not mean they are unsafe or that
they need to be replaced. There
are steps you can take to protect
yourself and others if you suspect
lead paint may be present. Before
beginning work, consult your
local or state ordinance to
determine the lagal method for
handling and disposing of lead
paint in your area.

®  Children and pregnant women
should not be allowed In the
work area.

s Do not smoke or eat or drink in
the area you are working in and
wash your hands and face before
deing so.

e  Wear disposable gloves and aye
protection,

® Use a respirator if there is friable
paint, or if you are scraping or
sanding paint,

s lse a wel sanding technigue to
minimize dust.

e Vacuum using a HEPA filter,

°  Wash your work clothes
separately from your household
laundry. You can also wear a
tyvek sult to protect yvour
clothes, Take it, and vour shoes,
off before you leave your work
area.

o Place tarps under your work
surface to collect loose paint.
Seal off the work space from
other rooms and from HVAC
systems. Cover any furniture and
other items in the work area with

{Continued an page 4)
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Replacement windows are called
“replacement” for a reason. Manufacturers
often offer lifetime warrantees for their win-
dows. What they don't make clear is that 30%
of the time, a replacement window will be re-
placed within 10 years. ayskema, 2006

More heat is typically lost though your roof
and un-insulated walls than throuah your win-
dows. Adding just 3 ana 1/2 inches of insulation
in your attic can save more energy than replac-

ing your windows and will likely cost less.
Ryckema, 2008

If vour wood windows are 60 vears cld or
older, chances are that the wood they are
made of is old growth, dense and durable
wood that is now scarce. Even high-quality new
wood windows, except for mahogany, won't last
as long as historic wood windows.

Studies have demonstratecd that a historic wood
window, oroperiy mainiained, weather-
siripped and with a storm window, can be just
as energy efficient as a new window. sscowic 2003

Each year, Americans demolish 200,000 build-
ings. That is 124 million tons of debris, or
encouah waste to construct a2 wail 30 fest high
and 30 feet thick around the entire U.S. coasi-
line. Every window thet goes into the dump is
adding to this protlem. seciey 2008

10 Reasons to Repair Your Old Windows

According {o studies, it can iake 240 years to
recoup enoudgh money in eneragy savings o
pay back the cost of installing replacement

windows, caiculations by Feith Heberern svaliabis at
wew Ristorichomewarks.com/Mihw/edueation/windawshand eyl
wintowenargyrknalysis por

Replacement windows that contain vinvl or
PV are toxic to produce and create toxic by-
praducts. Installing these in your house is not a
‘grean’ approach. sedevic 065

Historic windows are an important part of what
gives your ¢lder building its character.

With a little kit of practice, it can be easy—and
inexpensive—io repair and maintain your win-
dows.,

Not a DiY-er? There are people near you who
can do it for you. Hiring a skilled tradesperson
to repair your windows fuels the iocal econ-
omy and provides jobs. Ryorema 2006

For more information...

www.PreservationNation.org
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Replacement windows are called
“replacement” {for a reason. Manufacturars
often offer iifetime warraniees for their win-
dows. What they don’t make clear is that 30%
of the time, a replacement window will be re-
placed within 10 years. rvpkema, 2006

More heat is typically lost though vour roof
and un-insulated walls thain through your win-
dows. Adding Just 3 and /2 inches of insulation
in your attic can save more energy than replac-

ing your windows and will likely cost less.
Ryckema. 2006

If yvour wood windows are 60 yaars old or
older, chances are that the wood they are
made of is old growth, dense and durable
wood that is now scarce. Even high-guality new
wood windows, except for mahogany, won't last
as long as nistoric wood windows.

Studies have demonstrated that a historic wood
window, properly maintained, weather-
stripped and with a storm window, can be just
as eneray efiicient as a new window. ssdowc, 2005

Each year, Americans demolish 200,000 buiid-
ings. That is 124 million tons of debris, or
enough waste to construct a wall 30 feet high
and 30 feet thick arcund the entire U.5. coast-
line. Every window that goes into the dump is
adding to this problem. ~sziey, 2008

10 Reasons to Repair Your Old Windows

According to studies, it can take 240 years o
recoup encugh money in energy savings to
pay back the cost of installing replacement

Windows. Cafcuizrant by Maith Hebersm avaikbie
v iStarcharmewers comy Ry educetion/windowshang ol
Wit weEnErgyanalvs 1. oEF

Replacement windows that contain vinyl or
PYC are toxic o produce and creaie toXic by-
products, insialling these in your house is not a
‘green’ approach. Ssgove, 2005

Historic windows are an important part of what

gives vour older bullding its character.

| With a2 little bit of practice, it can be easy—and

inexpensive—to repair and maintain your win-
dows.

Not a DIY-er? There are people near you who
can do it for you. Hiring & skilled tradesperson
to repair your windows fuels the local econ-
omy and provides jobs. aspkems 002

For more information...

wiww. PreservationNation.org
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The National Trust for Historic Preservation (www.PreservationNation.

org) is a nen-profit membership organization bringing people
together to protect, enhance and enjoy the places that matter to
them. By saving the places where great moments from history—and
the important moments of everyday life—took place, the National
Trust for Historic Preservation helps revitalize neighborhoods

and communities, spark economic development and promote
environmental sustainability. With headqguarters in Washington,

DC, nine regional and field offices, 29 historic sites, and partner
organizations in all 50 states, the National Trust for Historic
Preservation provides leadership, education, advocacy and rescurces
to a national network of people, organizations and local communities
committed to saving places, connecting us to our histery and
collectively shaping the future of America's stories.

1785 Massachusetts Avenue, NW
Washington, DC 20036

www.PreservationNation.ora/Weatherization
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Early 20th century QGueen Anne style house
Criginal windows help define the character of older buildings
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CASE STUDY: Putting Windows in Context

When a homeownear chooses to alter features, such as replacing windows, this
may inadvertently also change the character of the larger neighborhood and
context, especially when it happens in a domino pattern. Cver time, as changes
take place house-by-house, the distinctive character of the neighborhood can
oe diminished.

A, B Two simple Shotgun style homes that were once nearly identical, to each
other, and throughout the neighborhood.

C Original two-over-two double-hung windows are a very prominent fea-
ture of these homes, directly relating to the size of the main entrance.

D. The original windows were replaced, the openings reduced, and stock
windows installed that are no longar in scale to the proportions of the
house,

-

Repair or Replace Old Windows
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CASE STUDY: One Window, Muitiple Replacements

Mest older and historic neighborhoods were buiit, at least in part, by a few
developers often employing similar architectural designs and features,
such as windows. This example of a simple round arched, wood window
clearly shows how different replacement windows can be from one an-
other.

A This eight-over-eighnt double-hung sash window with wood casing
and sill is a common feature on houses in this neighbeorhood.

B This replacement window attermpts to replicate details of the origi-
nal. However. it is not 2 true divided-light, the casing is wrapped in
aluminum and the upper sash is flat and not round arched.

C. This replacement tries to look like a round arched window but is in-
stead flat, features a completely different muntin pattern, has casing
wrapped in 2luminum and is not a true dividad-light.

dH LNAUA OIS vepY
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CASE STUDY: Authenticity Counts

Most older windows are true divided-light, with muntins that are sclid, dividing the
individual panes of glass. As opposed to a solid piece of glass, a true divided-light
window is much more rich in detail and architectural character. Many replacement
windows, however, are not true divided light and instead feature muntins that are
applied, ‘sandwiched’ in between glass or clipped on from the inside. This example
illustrates.

A A former carriage house, rehabilitated and preserved for a new use, features
replacement windows that attempt to look like true divided-light windows.

B This four-over-four double-hung sash still has its original wood casing with a
replacement window with clipped on interior muntins. There is little dimen-
sian or depth with this design and instead looks like a one-over-one sash.

C This shows how clipped on interior muntins can loosen or fall off.

dHAR/AU 1035 UPHPY
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CASE STUDY: A Modern Dilemma

Buildings dating to the second half of the 20th century challenged earlier ar-
chitectural practices and design, featuring experimental materials and intro-
ducing new concepts, such as the 'picture window.” Today, some of these ma-
terials are failing, difficult to maintain, and may fall short of optimal energy ef-
ficiency geals. As important character-defining features, repair is optirmnal as
finding replacements that match will be difficult. These examples illustrate the
chailenaes.

A Originzl, character defining windows and corrugated stainless steel
detail are being removed on this 1950s office buitding, replaced by dark
tinted fixed windows {hat do not match.

B, C Large spans of single pane and plate glass require innovative scolutions,
such as custom designed storm windows,

dHLN/2UL] 1025 uRppY
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CASE STUDY: Impersonating the Original

Some window manufacturers claim they can replicate and closely match the details of original
windows, Most often, replacement windows fall short of duplicating the lack and rich detailing
of original windows. These examples clearly illustrate this problem.

A An early 1940s apartment building designed in the Art Deco style features corner, steel
casement windows. The slender profile of the muntins and casing is a character defining
feature. The replacement double-hung sash window, at the bottom, attempts to match
the lines of the original, yet the muntin pattern and width of casing are much different.

B Two double-hung sash replacement windows on side-by-side row houses dermonstrate
the subtle, but noticeable differences in design. While original windows were identical,
these are different in terms of depth, muntin size and pattern and width of casing.

169G uRLpY

dHLN/BY



NATIONAL
TRUST

FOR

HISTORIC
PRESERVATION"

CASE STUDY: A Blurry View

Stained, leaded, slag and other types of decorative glass were meant to be
seen from the inside and out-of-doors. In efforts to protect the fragile glass
from vandalism and exposure to the elements, protective glazing systemns are
sometimes used, especiatly on religious properties. When improperly installed
and inappropriate materials used, these systems can not only distort and ob-
scure the look of the windows but also cause more damage than if left ex-
posed. When unvented, moisture from condensation is trapped leading to
wood rot and often severe deterioration of the window frames.

A Exposed original one-over-one double-hung slag glass window .

B Plastics (Lexan or Plexiglass) are impact-resistant and nearly shatter-
proof but tend to yellow and get hazy over time.

C Windows are obscured and the pattern is dramatically altered with new
aluminum rails as part of this protective glazing system.
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CASE STUDY: Close, But Not Enough

Two similar houses, both Tudor Revival style and dating te the
158205 or early 30s. Both featured steel casement windows,
whereas only one retains the original windows today.

A Steel casement windows with fixed transoms and side-
lights, featuring interior storm windows. These windows
are a character defining feature of the house.

8 Replacement windows attempt to match with casement
style units yet the proportion, pattern, width and lack of a
true divided-light miss the mark,

C, D The differences between the original and replacement are
readily seen, where the wider casing and surround are
much prominent on the replacement windows.

Repair or Replace Old Windows
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CASE STUDY: Size Matters

In these two examples, original windows were replaced and the
openings were reduced to accommodate a much smaller replace-
ment window.

A

Two, arched nine-over-one double-hung sash windows are in
disrepair with loose meeting rails and paint builld up. They
can be easily repaired and still maintain the character of the
building.

An identical building with replacement windows. Stock units
were used with aluminurm in-fill around the opening. The dif-
ference in character between A and B is dramatic.

The upper story windows of this Main Street commercial
structure were replaced with stock units with in-fill at the
top and bottom.
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CASE STUDY: In-Kind Replacement

In this dramatic before and after transformation, a severely deteriorated and abandoned
duplex was recently rehabiiitated. The project preserved important character-defining fea-
tures, including replicating original windows with new replacement units. The original win-
dows — simple wood one-over-onz double-hung sashes — had long disappeared as the
building fell inte decline and years of vacancy. When replacing a historic window, it is im-
portant to retain original window casings and trim when possible. These details often have
stylistic features associated with the building’s architectural style. In this example, the
decarative carved wood casings were intact even though the windows were not.

A, B Original windows are missing but decorative casings and openings remain.

C, D As part of the rehabilitation project, new wood double-hung sash windows were cho-
sen to fit the original openings and the decorative casings were repaired and re-
tained. New windows replicate the originals in terms of size, type, proportion and
materials.
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CASE STUDY: A Material Issue

A series of 1930s duplexes in this neighborhood were designed in the
Tudor Revival architectural styie. Each features large window openings,
prominant bays as a central focus, and original steel casement windows.
Original windows are a primary character defining feature.

A, B Both sides of this duplex feature original rolled steel casement win-
dows with interior storm window inserts.

C, D Both sides of this duplex have replacement windows. The one to
the left more closely mimics the lines and details of the original
steel casements, though the new windows are a mixture of fixed
and double-hung sash units and the proportions are not an exact
match. The unit to the right also features fixed and double-hung
sash replacement windows. In this case, the result is fess successful
with white vinyl casing and a central picture window missing any
muntin pattern.
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Do Window Details Matter?

Yes. Even when maintaining the original opening and general
size of the old windows, replacement windows can sometimes
miss the mark when details and overall design are off. To the
greatest extent possible, new windows should match originals as
closely as possible. These examples of replacement windows
show how even subtie differences, even minor changes in design,
can have an impact on the overall character of an otder and his-
toric building.

A Replacing an original double-hung sash window with a
casement and fixed transom dramatically changes the look
and architectural characier of this historic building.

B Modern interpretation of an arched window alters the pat-
tern and overall design on this monumental civic building.
If original windows are no longer intact, this approach may
be acceptable as windows clearly reflect their own era.

C Replacing a round arched double-hung sash window is a
cne-over-one double-hung sash with fixed transom. This
illustrates using stock windows to fit an opening that often
requires a custom or more costly replacement window.

D The thickness of muntins as well 2s their profile can make a

difference. This window is not a true divided-light design,

instead featuring applied, flat muntins.

New windows will often require ‘building out' and enlarging

the casing and surround to accommodate a stock replace-

ment unit, effectively reducing the size of the window in
comparison to the originals.

F The introduction of & hopper window completely alters the
look of this window.

G, H Window G feaiures the original twenty-over-twenty double
-hung sash window. The replacement, window H, is a fixed
one-over-one unit. The design, profile and depth are al-
tered in the process.

| New windows attempt to replicate originals, though the
casing and surrcund is wider and the fixed fanlight does
not match oriainals,
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When Replacing My Windows, What Not To Do?

Original windows were custom designed to fit vour older and his-
toric building. You cannot say the same for replacement windows.
Often, off-the-shelf replacement window units do not match origi-
nais closely enough in design, overall appearance or fit. As original
windows play an important role in defining the character of a
building, installing windows that do not mateh — especially in
terms of size and shape, type and color of frame, tint of glazing —
can make a significant difference in how the building looks.

Changing the Size )

Reducing or enlarging the window opening to accommodate a
new replacement window is particularly harmful. It completely
changes the entire proportions of a building, not to mention re-
ducing daylight and potential air circulation. If you do choose te
replace your original windows, do not eliminate window openings,
in-fill or alter them to accommodate smaller or larger windows.
These examples illustrate the dramatic change in appearance.

A ltatianate style row houses, side by side, Building to the right
retains original arched one-ocver-one double-hung sash win-
dows. Building to the left has smaller replacement windows
and in-fill panels installed in the original opening.

B Industrial building converted for housing with reduced win-
dows and in-fill openings.

C Main Street commercial building with upper floor windows
removed, openings reduced down and much srmaller re-
placement windows that do not match.

D A stock, smaller window unit was used to replace a larger
double-hung sash window.

E Brick was used to in-fill the criginal opening of the rocund-
arched window.

F Two round arched windows were removed and replaced by
one larger picture window, completely different in design
and period to the historic Main Street building.

G Three vertically-oriented Gothic style windows were reduced
and replaced by horizentally-oriented hopper type windows.

AHLRN/2UI 11095 urupy

F

it

|

Repair or Replace Old Windows




NATIONAL
TRUST

FOR

HISTORIC
PRESERVATION®

Do the Benefits Outweigh the Costs?

As a homeowner you have to assess the cost-benefit analysis
or 'payback’ that comes with repairing or replacing your win-
dows. Does replacing windows make economic sense? Can |
achieve similar energy savings by repairing windows?

Althouagh data varies, somawhere between 10 and 25% of
heat loss is actually attributed to windows, Most heat is typi-
cally lost through your roof and un-insulated walls. Given
that an average house has between 24 and 30 windows, and
a typical replacement window unii costs between $500-
1,000 each, does an investment of $12,000 or more make
sense? On the flipside, the cost to restore an existing window
and add storm windows (where appropriate) will generally
be much less {(depending on if you do it yourself or hire a
contractor), approximately between $125 to 800 each.

Many window replacement manufacturers claim greater sav-
ings than actually occur. Since windows account for at most
25% of heat loss, the payback and time to recoup your in-
vestment in terms of energy savings could take between 40
and as much as 200 years, based on various studies. A study
from Vermont shows the savings gained from replacement
windows as cpposed to a restored wooden window with a
storm is only $.60. The added problem is most replacement
windows will not last as fong as 40 vears, much less over a
hundred years. And some are being replaced oniy after 10
years of service.

Do The Math

- 13 windows on the front of the house (in total 35)

« $500-1,00C for each replacement window unit

+ Toial costs for new windows: $17,500—35,000

» Average savings gained from replacement windows (in
comparison to similar, restored windows with storms):
$25.00—50.00 per month

« The payback will take about 60 years

dH LN/2UZ 11005 UlLIpY
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When Are Replacement Windows Necessary?

A selling point of replacement windows is that they are mainte-
nznce fres. In truth, based on their materials, components and
relatively short life expectancy, you, and subsequent owners, will
probably be looking at replacing your replacement windows in
less than 20 years, However, the sefling point of old windows is
most have been on the job for 50 to 100 years or more, and can
continue to do so.

Not every old window should be saved. Sometimes it is neces-
sary to replace a window due to extensive deterioration or miss-
ing components. An entire window may need to be replaced or
sometimes selectively just components, such as retaining the
frame while installing new sashes. When replacing windows, re-
membear to match the originals as closely as possible. New win-
dows should replicate originals, in terms of size, glazing (tint),
proportions, width, dimension of components {muntins, frame),
prefile of sash, depth and materials.

A Six-over-six double-hung sash with loose meeting rail,
missing glass — can be repaired.

B Quezn Anne windows needing paint, re-glazing — can be
repaired,

C Two-over-two double-hung sash with loose bottom rail,
needing paint, re-glazing — can be repaired.

D Arched double-hung sash windows missing glass and
frames — replacement likely.

E One-aver-one double-hung sash windows and fixed tran-
soms with detached meeting rzil, needing paint and re-
glazing — can be repaired.

F Queen Anne window in poor condition, detached from
frame and missing glass — borderiine, requiring extensive
repairs.

G Queen Anne window missing glass and subject to struc-
tural settling of the building — borderline, requiring exten-
sive repairs.
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Shoutld | Repair My Old Windows?

Whenever possible, repair an originzal window, rather than replace it.
Any window over time will detericrate with the exposure to the ale-
ments. Most older windows, especially wood windows, can be sasily
repaired by a DIY-er or by hiring a gqualified contractor. It also will be
far more economical than purchasing all new replacement windows.
Older windows perform well when maintained. Problems arise from
a lack of maintenance, water and condensation damage, and ultra
violet light degradation. Layers of paint buildup may also make win-
dows difficuit to operate and unattractive. Most older windows can
be made more energy efficient by sealing gaps with caulk, replacing
glazing compound, fixing broken glass, repairing loose wood parts
and installing weather stripping. An appropriate storm window may
also help reduce heat loss while retaining original windows.

Ask Yourself Two Questions

1. How important are windows in terms of architectural significance
and the character of my buiiding? Usually windows play an im-
portant role, especially those at the front and on sides that are
highly visible from the street.

2. Are the windows really beyond repair? Often windows in disrepair
look worse than they actually are and can be easily repaired and
retrofitted for greater energy efficiency at a significantly lower
cost than replacements.

A, B Two eight-over-sight double-hung sash dormer windows.
Both are in disrepair; window A will need to be rebuilt or re-
placed to match window B.

C Broken glass on these architecturally distinctive windows can
be easily replaced and windows repaired.

D A coat of paint and routine and preventive maintenance can
restore windows to their original appearance.

E Unigue roof monitor with well-maintained and character defin-
ing six-over-six double-hung sash windows.

F Group of six-over-six double-hung sash windows with tran-
soms, only needing paint.
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A Visual Look at the Impacts

Windows are a big part of older and historic buildings, from Main Street com-
mercial structures to modernist mid-century residences. Original windows
comprise about one quarter of the surface area of exterior walls. Windows of-
ten help identity the architectural style, design and give scale to a building.
Just as windows define the character of 2 building, they also contribute to the
larger context of neighborhoods and downtowns and their character. The vis-
uval impact and appearance of new. replacement windows that do not match
or replicate features can be dramatic. Even minor changes to the appearance
of windows can alter the way a building logks. Criginal material ig [ost and
thrown away. And some buildings may no longer be considered “historic’ in
terms of integrity and eligibility for historic designation. When choosing be-
tween repairing or replacing cld windows, a lot needs to be factored in, in-
cluding the visual impacts. This resource, divided into the following sections,
is intended to help you look at your old windows, building and think about ali
options before making a decision.

Should | Repair My Cld Windows?

When are Replacement Windows Necessary?
Do the Benefits Cutweigh the Costs?

When Replacing My Windows, What Not To Do?
Do Window Details Matter?

Case Studies:

« A Material Issue « Impersonating the Criginal

« In-Kind Replacement « A Modern Dilemma

= Size Matters « Authenticity Counts

« Close, But Noi Enough « One Window, Multiple Replacements
« A Blurry View « Putting Windows in Context

For more information...

Go to www.PreservationNation.org/Weatherization to find
additional resources on windows and much meore far your
older and historic building.
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Popular Window Replacement Myths

The Myth: “Vinyl [s Final”

“Maintenance free” is a popular term used by vinyl window manufacturers; but with a product that
is susceptible to seasonal fluctuations, weathering, and constant operation, how can anyone truly
guarantee this claim? Vinyl windows are made with stock parts that quickly become outmoded,
making them difficult, if not impossible, to repair if a spring or other suspension compenent breaks
(the same holds true for wood replacement window parts). Vinylis also prone to warping and
fading In high temperatures. Want to repair a historic wood window? Tools, parts, and imaterials
can found at your local hardware store!

The Myth: Old Wood Windows = Asironomical Heat Bills

Replacement window manufacturers will often compare thelr product to a historic wood window
that has not been restored or maintained - a window that fits this description will undoubtedly be
drafty and inefficient. In most cases, however, a fully-
restored, tight-fitting, properly functioning,
weatherstripped wood window combined with a quality
storm window will have the same insulating properties as
a double-glazed replacement window. Other steps ¢an be
taken to reduce heating bills, such as insulating attics and
floors; the U.S. Department of Energy notes that 31% of air
infiltration is at floors, walls, and ceilings, and only 10% at
windows:
http:/iwvwwi.eere.energy.gov/consumer/tips/air_leals.html |

Faus and Vents Elecldg Quilets
b 29

The Myth: Replacement Windows Look Just Like Historic Wood Windows

A property owner or replacement window salesman will often malke this claim when the snap-in
grids or simulated divided lites In the replacement model match the existing muntin configuration of
the original wood windows. First of all, snap-in grids or simulated divided lites have a much different
profile than the traditional putty profile on old wood windows, which is difficult to replicate.
Secondly, materials such as vinyl or synthetic cladding are shiny and glossy and present a much
different look than traditional wood. Third, installation details for replacement windows typically
involve additional framing thal reduces the rough opening of the window. Lastly, replacement
window glass is significantly different than the wavy look of historic glass.
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The Myth: Replacement Windows are the “Greener” Option

With all of the talk of global warming and LEED (Leadership in Energy and Environmental Design),
replacement window manufacturers often tout the energy savings associated with their product
and that a replacement window is a “green’ choice. While this claim may correspond to newly-
constructed, LEED-certified buildings, the argument that a replacement window is “greener” thana -
restored wood window Is highly debatable. As discussed previously, a properly restored wood
window combined with a quality storm window will address energy concerns. A product with a
“green” label must also be sustainable. Historic wood windows, constructed of old-growth lumber
and superior craftsmanship, will last up to 5 times longer than replacement medels, namely because
the wood is durable and they are easily repaired. The same can’t be sald for vinyl or new-growth
wood replacement windows with plastic parts. Moreover, the insulating glass found in double-
glazed replacement windows wili eventually fail and the whole window will have to be replaced.

The Myth: Old Wood Windows are Highly Susceptible to Rot

Wood windows will rot if they are not maintained. Any natural material thatis exposed to
weathering and sunlight will be impacted. However, proper maintenance will ensure a long-lasting
window, whether it be priming and painting or installing a quality storm window. Oftentimes, a
wood window may appear to have rot, but is actually just badly weathered and needs some T.1..C.
Remember, historic wood windows have a high quality of craftsmanship and were constructed from
old growth lumber; they were built to last.

The Myth: “It’s pointless to restore an old wood window when it will just be covered up with a
modern storm window”

While it’s true that modern storms can conceal the character of historic window sash, a few facts
need to be addressed. First, storm windows have been around for over 100 years, originally made of
wood, of course. Although some modern (and cheap and flimsy) storms might be an eyesore, there
are quality models on the market that are more appropriate for histeric buildings. Second, a metal
storm window is a small price to pay for preserving original materials and character, and storm
windows can be painted. Third, the installation of a storm window is reversible, while the removal
of a historic wood window is not. Furthermore, as a bonus, a properly installed, quality storm

combined with a restored wood window will be just as energy efficient as a double-glazed
replacement window!
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The Myth: “It is more expensive to restore an old wood window than to replace it.”

The cost of restoring a historic wood window obviously varies due to many factors, and there is no
guarantee that restoring a window will be cheaper than replacing it. Studies have shown, however,
that the payback period for new replacement windows can take decades. In that span of time, it is
likely that these windows will have to be replaced again, since most replacement windows only have
a lifespan of 20 years. Historlc wood windows that have lasted 100 years will last another 100 years
it properly restored and maintained. Therefore, the payback period of a restored wood window
equates to a much better bargain.

The Myth: “0Old wood windows have lead paint and should be discarded”

While any house built before 1978 might contain lead paint, it is possible to remove lead paint from
historic sash without posing serious health hazards. Local municipalities.often have guidelines for
safe and effective de-leading, including windows, but it needs to be done by a professicnal. An
experienced contractor or window restoration specialist should be able to identify unstable lead
paint (the most hazardous condition) and treat it appropriately. Oftentimes, stable lead paint can
be encapsulated with lead-free paint to comply with state laws. With proper precautions and safety
measures, historic wood windows with lead paint can be remedied. For more information on lead
paint hazards In historic buildings, refer to Preservation Brief 37: Appropriate Methods of Reducing
Lead-Paint Hazards in Historic Housing from the National Park Service:
http:/fwww.nps.gov/history/hps/TPS/briefs/brief3z.htm
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Essential Online Window Articles

(Note: These and many other links can also be found on the National Trust for Historic Preservation’s
“Window Links and Resources” page at:
http://www.preservationnation. org/issues/weatherization/resources/windows html)

10.

“Testing the Energy Performance of Wood Windows in Cold Clirmates: A Report to the State of
Vermont Division for Historic Preservation.”
http://web.archive.org/web/20060425110158/http://www.ncptt.nps.gov/PDFfiles/1996~08.pdf

“Creating Windows of Energy-Saving Opportunity”
http://homeenergy.org/archive/hem.dis.anl.gov/eehem/97/970908.htm)

“Wiser Window Retrofits “
http://homeenergy.org/magazine.php?year=2002 (registration req’d)

“What Replacement Windows Can’t Replace: The Real Cost of Removing Historic Windows”
http://www.apti.org/publications/Past-Bulletin-Articles/Sedovic-36-4.pdf

“Preservation Brief 9: The Repair of Historic Wooden Windows”
http://www.nps.gov/history/hps/tps/briefs/brief09.htm

“Still no Substitute”
hitp://www.period-homes.com/Previcus-issues-06/NovFeature06b.html

"“Window Restoration” :
http://findartlcles.com/p/articles/mi ©a3922/is 200010/ai n8926741/?tag=contenl;coll

“Historic Windows and Energy Efficiency”
http://www.presnc.org/Features/Historic-Windows-Energy-Efficiency

“What Should | De About My Windows?”
http://www.bestofbuildingscience.com/pdf/What%20should%201%20d0%20about%20my%20wind
ows%20HEM 19-4 p24-31.pdf

“Why Old Windows are Green Windows"
http://planetgreen.discovery.com/home-garden/green-windows.htmi?campaign=daylife-article




Saving Energy in Historic Buildings:
Balancing Efficiency and Value

JOHN H. CLUVER AND BRAD RANDALL

Energy modeling and life-cycle
costing can help identify simple steps
to malie a historic building move
energy efficient, addressing both
preservation and sustainability

concerns.

By now the slegan of the National Trust
for Fistoric Presecvation that “the
greenest building is the one already
built™ is widely known. Tn an era of
incrensed enviconmental awareness and
rising fuel prices, however, the question
is how can historic building stock be
mace more energy efficient in a manncr
vespectful of its historic integrity and
character, The other challenge is to find
rhose impravements that, in the quest to
save energy (and, by extension, meney},
do not in the long run cost more than
they save. There are an increasing num-
ber of “sustainable solutions™ in the
marketplace today, but not all ave piad
investiments, provide tangible benefies,
or ace appropeiate approaches for his-
toric buildings. Often commen sense,
erained historic and/or aesthetic judg-
ment, and the studies and assurances of
those marketing the solutions ave vsed
to determine what intexventions agc

Figg. 1. Swift Hall at Vasusr Collage. Criginally buift in 1902, the struclure retaing much of t5 original
appeararea and bulding labric. Image by Veith & Mactavizh Architacls, LLP.

appropriate. [n addicion, practical and
objective analysis tools are needed in
the process, and that is the benefic of
including energy modeling and life cycle
costing in assessing potential chunpes.
These calculation tools can help all of
those involved in a project to under-
scand which solutions cruly offer encrgy
and operating-cost savings.

Energy Modeling

The use of computers 1o simulate an-
nual enerpy consumption began as a
result of the enevpy crisis in the 1970,
Afrer the Uniced States Department of
Energy (DOER) was created by President
Jimmy Caxier, algorithims weve devel-
oped to simulace the aunual enecgy
consumption of a building, These calcu-
lations were refined and further devel-
oped over the years, with the DOE-2
simulation algorithms gaining wide
acceptance in the industey throughout
the 1990s. Currently, use of these en-
ergy-modeling tools has become stan-
dard for any project that is puysuing
Leadership in Energy and Envirommen-
tal Design (LEED) certification from the
Unired Scates Green Building Couneil,
Theve ace many encrgy-modeling sofi-
ware programs in vse roday, including
Eucegy Plus, developed jointly by the
Universizy of lineis and the Lawrence
Berkeley Nacional Laboratory.!

The basic concept of the energy
model is to virtually cceate {or, in the
case of preservation, recreare) a build-
ing, delineating not only its physical
form but other performance and usage
variables. The sinulation process in-
¢cludes a virtual madel of the building
geometry, the building materials and
their chavacteristics, and the rypes of
mechanical systems and lighting, alony
with other systems that may consume
encegy. The pattems of the accupants
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and their activity levels are added to the
virenal model, and finally the weather-
data fils chat reflect the parctcular locale
are ceferenced for a complere hourby-
hour simulation of a typical metcorolog-
ical year?

Depending on the size of the build-
ing, crearting this baseline model can be
a procass that takes 40 howrs for a
small, straight{orwacd building, such as
a suburban office huilding, to hundreds
of hours for a lavpe, complex edifice,
such as a monumental campus building,
Repardless of project size, the process is
typically the same, although lavger
buildings tend to leverage the effort and
cost of the madel 1o greater effect since
the improvenents can produce larger
encrgy savings, Onee the baseling infor-
matior hig heen sngered and an exist-
ing-condirions model created, it is then
passible to calcufate the building’s cur-
rent encry-use foorprine and to tacle
what percentage of thar consumption
can be atrributed to each of the build-
ing’s components,

Before performing any analysis, how-
ever, this initial calculation should Arst
be cross-checked against any encrpy bills
or other records thar may exist ro help
normalize the model to the actual opera-
tion of the building and to allow for
more accurate predictions in the future
comparisons.? For example, energy loss
throngh aiv infilteation can constituce a
sizable percentage of the overall total,
ranging anywhere from less chan §
pereent in a newly constructed building
with caveful aic-bavcicr detailing co 40
percent ov more in an old, poorly main-
rained building chat has numerous gaps
and openings at such locations as foun-
dations, sill plates, windows, doors,
shearhing, flues, and eaves.

Nexr, it is appropriate to stact the
process of creating scenarios vo undet-
stand the energy-use implications of
various improvements that could be
proposed. The most beneficial approach
is 10 first selecr a series of potenrial
intgrventions and model each of them
individually, so as to understand the
independent impact of each accurarely.
Since it talees time to generate the model
angd run the simulation for each vaciable,
project budgets rypically require jueli-
clousness in selecting each vption. Some
Of thc more commaen SCU'Ill'll'iOS Lo ex-
plore include:

o replacing the lamps, fixtures, and/or
controls for lighting,

» peplacing the mechanical plant with
new methods of heat sencration and
discribucion and/or upprading the
system controls.

o installing insulation in the awic,
between coof rallers, in walls, dorm-
ers, and the basemene and sealing
lecations of aiv infiltration,

o restoving or replacing single-glazed
windows or supplementing them with
storm wingows.

White running individual models can
pive an excellent perspective un the
elfeetiveness of varions improvements
campared tu the existing conditions, the
additional step of creating combination
scenarios is critical to properly derer-
mine che impact that a series of im-
provements may have on the energy
conswption in a rehabilitated historic
building. These combined scenarios look
at the averall effect of several simultane-
ous interventions, showing how these
changes work topether. Some combina-
tons will create increased encrpy sav-
ings, while others nay worlk in opposi-
tion to cach other. For cxample,
converting light Axtures from old incan-
descent lamps to efficient fluerescent
fixtures with electronic ballasts will
greatly reduce electrical demand for
lighting and could reduce summer air-
conditioning costs but will also increase
the need for winter mechanical heating
to compensate for the loss of hear gener-
ated by the old lamps, Once the combi-
nation scenatios ave created and simu-
lated, the project team will have a truer
understanding of the approximate en-
ergy savings that can be generated by
the proposed improvements and can <o
so in a manacr that does not inadver-
tently bias the vesults foc the ficst few
improvements rhat ave modeled in an
additive process.

Life-Cycle Costing

The energy simulation is only one part
of the larger quest of finding the appro-
priate project scope that achieves enevgy
savings in a manner that is both cost
effecrive and vespectful of the historic
chavacrer of the building. These goals
can best be achieved by employing the
process of life-cycle costing, which

incorporates the results of the encrgy-

simulation modeling into a cost analysis

of a praposcd project over an excended

period of time, Life-cycle costing is a

version of life-cycle nssessiment, which

had its beginnings roughly 10 years ago,
although it could be said that infeimal,
commonssense versions of it have ex-
isted for much longer, The basic con-
cept is to determine the true cost of
installing a pacticular matevial or sys-
tem when projected through the ex-
pecied life span of the building, While
there are other sources for more com-
plete information on life-cycle costing
that detnil che process even furcher, the
fellowing are the four most important
factors in encdeavoring to angwer this
question:

o Cost of manufactiese and installation,
Otherwise known as the “Arst cost,”
this is the typical constoucrion cost
thac is carcfully scrorinized during
design to lind the lowest-cost option
for mecting 0 particular need and
budger. The ficst cost includes the
harvesting of materials, their fabrica-
tion into the final product, installa-
tion in the building, and their trans-
purcation during all of the stages.
Many projects consider only this cost
i seleeting a material or system for a
praject.

o Cost of operation. Some systems
cousume elecrricity or burn fuel, and
some are move cfficicnr than others in
their use af thar energy. Some also
requite personnel to operate or moni-
tor the equipment, and this labor
carrics a dollay value. Costs of opera-
tion are a vegular, ongoing expense
that should be predictable, althongh
vecent experiences with fuel costs, for
example, show that it is susceprible to
some degree of uncerrainty.

o Cost of mainterance. All systems and
objects require some level of mainte-
nance and repair, with an associated
cost for both rhe materials and labor,
eithet for in house staff or contracted
servicing. Lhese costs do not always
occur on an annual basis, bur for the
purposes of life-cycle cost analysis
they can be normalized ro an annual
frequency in order to predict che anti-
cipated costs relaced to maintenance,

o Cast of replacentent. Many elements
ol a buikting must be replaced at



Fig, 2. An axonomgic wirg diagram of Swill Hall. The wire dugiam allows
the desicner to confiim that the parameters uged in the enaogy modiel
noks & Associaies,

malch the exisling conditions. Image by Bruree |

some point {or several points) in its

history. Depending on what is being

replaced, the cost of this worle can be
substantial, including not only the
new material and the labor to inseall
it, but also the cost of cemporary
provisions during the worle, potential
lost productivity, and disposal of che
defunce item. The choice of materials
can have a great impact on the fre.
quency of those ceplacements, as, [ov
example, nsphalt shingle roafing may
have a fitespan of 25 years, whercas
slate vooling can last lor more than

100 years.

An imporeant variable in the life-
cycle cost analysis is the time period
under consideration. Different groups
will have cheiv.own criteria when deter-
mining the life cyele and will define it o
swit their situation. For example, a
developer may not care that a hot-water
hearer must be replaced in its eleventh
year, whereas the facilities department ar
a university may worlc under a 30-year
planning cycle. In contrast, the prescrva-
tionist may have the longest perspeetive
of all, considering ways to help che
histeric resoucee last as long as possible,
which could include several life cycles
for vacious materials. It is common,
however, to look at periods of 29 years
ot more wheh doing an analysis, so that
maintenance and replacement costs over
the full life cycle of the equipment or
systemn are taken into account,

Case Study: Swift Hall at Vassar
College

The following case study serves a5 a
useful illustration nor only to demon-
serate the practical application of the
above conceprs but alse to point oue rhe
voughly half-dozen improvements that
can be pecformed in a hiscoric building
to achieve the tiad of energy cfficiency,
cost effectiveness, and protection of
historic integrity.

Swift Flall ac Vassar College in
Poughkeepsie, New York, dates to 1902,
when it was buile to the designs of the
noted architectural firm of York and
Sawvyer as the college infirmary (Fig. 1),

e consisted of rhree floors of wards and

private cooms, along wich a kitchen,
dining reom, and paslor an che ficse
flooy, all accupying vroughly 6,100
square feet of climate-conteolled space.
In 1941 the building was converted for
use as departmental offices and class-
roems for the liistory deparement, which
has occupied it since then,

Very little has changed in Swifc Hall
from the original design. While some of
the thivd-floor wauds were divided o
create offices and some of the bath
rooms converred into small offices, the
building basically retains its original
configuration and materials, thus main-
taining its historic intepricy, The building
is solid masonry construction with stone
foundations and 12-inch-thick brick
walla, The intevior plaster is applied
divecely to the brick and lacks any insu-
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gnogy savings. All images by the author, unlass Glharwise noted

lation. The mansard roof is puncruated
with numerous dormers and covered
with slare and asphalt shingles installed
over wood sheathing, There is a low
atric beneach che central part of the roof,
which is uninsulated. The 60 windows
in the building recain the oxiginal, single-
glazed, six-over-six double-hung woad
sash; they lack any type of weatherstrip-
ping or storm windows, Heat is pro-
vided by stcam radiators and convectors
connected to the campus’s central steam
systemn. Controls ave limited ro localized,
non-electeic control valves, Cooling is
restricted to a limited number of win-
dew-mounted airconditioning units,
Lighting is a combination of incandes-
cent and fluorescent fixtures of various
apes and architecrural styles.

As a cesult of these conditions, it is
difficult to maintain a consistent temper-
ature in the building; it vavies not just
sensenally but also from room to room.
Despite this and other funcrional limita-
tions, the building is a much-loved and
eentral pait of the history depavtment,
and the college’s desire was to rehabili-
tate the building in a historvically sensi-
tive manner o improve its energy effi
ciency and basic comfort requirements
while also better meeting life-safery
requitements and the department’s
l)l'()gl.'ﬂlﬂ llCCdS.

Energy Modeling

The simulation of the annual encrpy use
for Swift Hall — including the esii-
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Fig. 4. Cnoegy usage at Switt Hall broken down
by tuliding myrtoms

mated annual fuel consumption used to
create steam for heating and anaoal
electricity consumption for lighting,
pawer, and cooling — resuleed in an
annual energy cost of $2.66 per square
foor (Fig. 2). This amount is stgnifi-
cancly higher than che United States
average for this type of building. Ac
cording to the Energy Information Ad-
ministration, which provides the official
energy statistics for the U.S. govern-
ment, the Novtheast regional average is
$1.74 per square foot for all commer-
cial buildings and even less for educa-
tional buildings.s

The enerpy simulation also provides
information about where the energy is
being nsed (Fig. 3). For example, the our-
put indicates that for the existing build-
ing, the two primary conswmers of en-
cegy are lighting at approximately 38
percent and heating at 46 percent of che
anmu@l enecgy use (Fig. 4). Air-condition-
ing is a very low value of 5 percent, due
to the reliance on a limiced number of
window units and reduced sumimertime
occupancy. Therefore, a veasonable
conclusion is that the best aveas to focus
on reducing energy consumption is with
the lighting, cither threugh more efficient
fixtures and/or reducing the hours liphts
are used, and with the heating, either by
improving the efficiency of the mechani-
cal system anclfor the building envelope.

Several scenarins were simulated in
order to determine how much savings
waould be possible for ench porential
intervention. Fou each ol these scenarios,
an hour-by-hour simulation of opera-
tions allows an objective analysis of the
impact, rather than reliance on the de-
signer’s traditions or rules of thumb, It is

importane to simulare each seenario in
the model because tie focus is on the
pecformance of the entire building, not
just that of a particular element, so the
overall impact on an aunval basis can be
used to compare the cost and savings of
various options.

The model not only will show the
changes in rhe total energy consumpiion
far each scenarie compared 1o the base-
line existing condition but also can show
the amount of change in cach encrgy
category (Fig. 5). While rypically consid-
ered o an annual cycle, the model can
also provide information broken down
nto other groupings, such as seasonal
consumption of different fuel sources, o
help explain how use patterns during a
typical schoel year can impact encrpy
consumpeion. Based on rhe scenacios
consideved for this building, the most
Promising measures to IMprove encrgy
pecformance, along with other subjec-
tive benefits including improved occu-
pant comtort, were upgrading lighting
conteols and fixcures, insulating the attie
and spaces between the rafters on the
top floor, improving the zone conteol of
the heating system, and refuchishing the
historic windows.

The improvements to the lighting
system were simudated chroongh two
scenacios. The fivse would involve the
addicion of lighting controls, such as
occupancy sensors to keep the lights off
unless people are in the toom. The addi-
tion of these conrrels alone resulted in
an anticipated annual energy savings for
the building of approximately $2,250,
or 14 percent. The second scenario
would involve veplacing older lighting,
fisxtures with newer Auorescent fixtures
with a few exceptions, such as the lobby
chandelicr, combined with more efficient
controls. This more extensive interven-
tion resulted in a predicted reduction of
50 percent of che lighting bill, represent-
ing an annual savings of nearly $3,350,
or 22 percenct over the total-enecgy-bill
baseline.f

Addressing che issue of veducing the
annual cast of heating the building while
improving its overall comforr level for
occupants was pursued along two pacal-
lel racks — the cfbiciency of the heating
system in producing and conteolling the
heat and the ability of the building en-
velape to retain the heat supplied. The
existing heating system, which uses the

campirs’s central seeany plant, is teasons
ably vHicient in converting fuel into use-
able heat {in the low 70 percent effi-
cieney range), but iv has hmited conteols,
Thie lnek of controls creates an ungven-
ness in distribution that cavses signifi-
cant occupant discomfort and wasted
energy. For example, it is not uncom-
mon w older buildings with secan sys-
tems for occupants to resert to opening
a window in the winter to compensaie
for a surplus of heat in a voom, thereby
negating any gaing made in the efficiency
of the window. The efficieney of the ex-
isting heating system could be improved
either by upgrading the controls and
zone dampers, which would imprave
comfort levels along with a modeled
savings of §3,200, or 7.5 pereent, in
anual energy costs, or by replacing the
entive system with a high-efficiency hot-
water system, vesulting i calenlieed
saviugs of $2,200, or 13.5 percenr in
annual energy costs,

The seconc seenavio for reducing the
annual heating costs waould be to im-
prove the thermal efficiency of the build-
ing envelope, addressing infileration and
rhe insulating properties of che walls,
windows, and attic/vael. For this build-
ing insulating the walls was not conside
ered an option given the solid masonry

.consruction,” The encrgy-model simula-

tion did, however, include several sce-
narios for the windows, which comprise
roughly 15 percent of the surface area of
the building envelope, typical for a
building of this eva. As in many historic
buildings the windows are a weak point
in the thermal envelope. Single-panc
windows provide lictle resistance to heat
transler, and the gaps around older win-
dows allow significant leakage of out-
side aiv inte the butlding,

The fiest scenario to he modeled
would be refurbishing the existing sin-
gle-glazed wood windows to assuce a
tight fit when lacked, instaliing weather-
stripping, and provicing storm win-
dows.® This approach improves the ef-
fective U-value of the window assembly
from roughly 1.1 to 0.5 and greatly de-
creases aiv infilevation around the units,
which should ceduce anticipated energy
costs by $900, or 5.5 percent, annually.
New encrgy-efficient windows, eicher
wood or vinyl, with deuble-glazing and
low-e plass, reduce the assembly U-value
further to approximately 0.35.



However, since so much of the exist-
ing heat loss is due to leakage and the
lowe-e glass is actoally a detriment in
winter because it reduces solar heat
gain, this option provides similay overall
modeled energy savings of $900, or 5.5
percent, annually. In contrase to the
windows, lacge energy savings and
comfort gaing can be realized by provid-
ing insufation in the artic and venting
the attic in the sammer? Switt Hall has a
small atric over the central portion of
the building; insulating and adding
acrive summer venting just at this loca-
tion was caleulated to reduce annoal
encrgy costs by $2,850, or 17.5 pex-
cent. ' If the insulation were also in-
stalled in between the voof rafters where
there is no attic, the anticipated savings
would increase to $3,550, or 22 percent.

The ideal energy-savings solution, of
course, would be to combine these
approaches and possibly orhevs, It is not
possible, however, to simply add up the
percentage savings for each of the cho-
sen improvements, as the total savings
available decreases with each additional
measure. For example, improving the
rhermal efficiency of the building enve-
lope would reduce the savings oo be
found by veplacing the boiler. Creating
an energy model thar combines all of the
chasen ¢lements together, haweves, will
provide an accurate picture of the over-
alt savings. For examyple, 4 scenario thae
includes replacing the lighting fixtures
and controls, upgrading the existing
steam-boiler control system, wdding attie
insulation and venting, and instatling
weatherstripping and storim windows
would produce a caleulated savings of
$7,100, er 44 percent, of che annual
encray cost of the building. This -
proach would result in an annual encrgy
bill of approximately $9,000, which
averages out to a value of $1.50 per
square foot, which is 16 percent below
the Northenst average, [n comparison, o
more intensive effort that would include
veplacing the lighting fixraves and con-
trols, insealling a new high-efficiency
boiler and hot-water heating system,
adding insulation and venting to the
atric and insulation between the voof
rafters where there is no attie, and in-
stalling new enerpy-efficient windows
would produce an anticipated savings
that is only 10 percent higher ($8,350,
or 52 peccent, of the annual eneray
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annual onergy costs but also how sach energy compoerent of the building would br affected by tho

propuaail change.

cost). While a 10 percent savings is a
definite, measurable benefit, it is impor-
tant to determine whether this addi-
riona) savings is worth the added ex-
pense necessaty to achieve it. The
answer to that question les in the life-
cycle costing for the proposed project.

Life-Cycle Cosiing

As outlined above, there ave four major
componenis that contribute to the life-
cycle cost of a material or system

figst cost, eperation, maintenance, and
replacement. The selection of ane alter-
native over another will have an eco-
nemic impact on the institution not
only at the time of construction bue also
over the lifetime of rhe building. A life-
cycle cost analysis will consider and
compare the first-year investinent; the
annual operating costs, including en-
ergy, repairs, and maintenance; and any
necessary replacement at the end of the
system’s life.

However, the value aof a dollar spent
on a building improvement today is
greater than the value of that same
dollar in the future, due ta its potential
to carn interest if it weve invested rathes
than spene, This concept is often re-
ferred to as the “time value of money,”
and future investments and expenses

should be discounted to the equivalent
present value for comparison.

The life-cycle cost analysis, therefore,
rakes into account anticipated values for
inflation, energy-cost changes, and
interest rates, By applying these factors
to the life-cycle components aver a set
period of time, it is possible to deter-
mine a et present value {NPVY) for the
matenial oe system. To undexstand
whether or not a particular set of initia-
tives makes sense Anancially, one can
compare the NPV of the proposed
undertalcing against the NPV of doing
nothing; the option with the lowest NI'V
vepresents the bese approach sivicely
from a cost basis. Other metrics can also
be used to compare the options. The
annual equivalent payment (AEP) would
represent the annval amertization cost
for the difference in net present value, Tt
is important eo vecognize that these ave
the finuncial indicators only and chat
typically a projecr will have other bene-
fies as well, such as improved appear-
ance or comfort, case of use, occupant
sarisfaction, and reduced demands on
maintenance staff or service contracrors.

The life-cycle cost analysis includes
several finangial variables, which can be
adjusted to observe how sensitive the
analysis 1s to any particulav factor. As
applicd ro the case study rhe values were
as follows. The annual vate of inflarion



10 APT BULLETIN: JOURNAL OF PHES

FRVATION TECHNOLOGY / 41:1,

i6ie

'IEbI_e 1. Life-Cycle ﬁnalvsis Overall Comypurisons

First-Year Custs

|’Ic1]nl l Energy

E mllhul.J U].'lﬁl iles

I\"llllil'-l'ﬂil.l'lCC

Tl Light H™

l ‘ll rad $70,000 $L2,600

$16,000 11

25 Year

Valuegs

Payback | NIV |

G500, 787 | P46, 528

lehun! Canerols

UJHI 'IIIL _:1;10,[)00 $l.;.90’|

§17,000 '

Existing ng Lighting
Maintained i

He ating System Upgrades
New Hu,h
Elfcency System

$16,143 |

$250,000 | $13,961

£17,500

$9.500 1 |

Upprade Existing
Conrols
Palstling Cenral
Stenm Maintained $0 $16,143
f\lmnufurum anid ‘-nnnmu AY Lnrinn

Tl -Roul
Insul 1l|0n;'Vc'|1lnw

Attic- Unly
Insvliezcnd Vesring

$95,000 | §14.936

| $22,000 | 312,590

| $10,000 | $13.319 |

Existimg
No [nsnlation!
Venting 50 li

Winduw G]:[.',l_':ull.‘-:'l

New Vinyl
15,254

$16,143

Winclaws -

20-Yeur (:}.'l_'li.' £90,000

4§14, 500 17 |

| $17,500

[ §18,000 | 6

b18,000 4

| $582,025 | $45,530

$627,679 | §49,101

$685,217 | $53.602

$a42,310 | 50,246

62T 677 |

f?\"%‘J.II:lI

832,472 | 845,563

i $586,387 | 545,871

$22825

__AE P_|— are | g

420,600
522,731

$27,976

424,419

§27,974

2 ::l:!ik':_H}

$21,7758

“Annu [ Equivalent
g Iy 5._'._v_i_u T

Atmual Fqui»:tTcT
Patermsient Savinps

%2573

53,571 7.3%

9.2% | 18.4%

L3% | $3,557 PLTY

%3, ﬂ( 7.2% ‘;..’ hDJF 20045

$3,230 66% | 56200 | 22.2%

$17,500 |

$12,.500

$627,679 | $49,101

—

none $655,501 | §51,512

New Vingle |

Clad Windows &1 SnOn | $15,236

£12,500 19

New Wood
Windows -
40-Yeur Cycle

$150,000 | %1526

§15,500

$667,289 | $52,100

$£27.976

524,909 |

$24. 909

$2410 | 49% | §3066 | 11.0%

§3,099 | 6.3% | $3.066 | 11.0%

BoNG $717.055 | 856,093 |

Refurbish and
Add fnrerior
Storms
Existing Wood
Windows
Maint: |.||u_d

| $51.000 | $15252

w0 |

$16,143 |

rn|11|1|||.lllm1 Mrojects
Ma]OL

Intervention
Scupn®

.1_i~l':]] 100

$15,500 | 14

$17. S0

$6,500

Ml {41
[ntervention
Scape*
Existing

Conditions
Maintained £0

¢ Major senpe inchrdes upprades o L
wood windows,

| 5166,000 | 59,000

* Minor weope inclndes upgrades o Iy I-.rlug, and cantiuls, |nsl\llmb insulirion and ver venting at the i, upgrading the cantrols of the existing

_§LL00 | 11

| $17,500 |

ng and canteols, installivg insulation and venting at the attic and rafters, a new high-elliciency baler, and new

| 3623993 | $4u813

$24,909

§24,935

$6,992 | -14.2% | $3,066 | 11.0%

$284 0.6% "Hﬂf_l 0} 10.9%

| 849,101

e $734,992 ‘ 557,496

$535,467 | 541,888

27976 |

812,752

| 14,704

-$5,39 £7.1%

$15.223 | s44%

7% | §13,262 | 474%

'!1(1?7 (79

S, 101

tens, ancl vefurbishing the existing windows and installing sivem windows.

$27,976

|4':'.I,i|.|.!._', Bys-

was set at the commonly accepted value
of 3 peceent. Decreasing the care typi-
cally will lower the NPV and reduce the
relative savings, The cost of enerpy was
assumed to rise at § percent per year,
recognizing char enevgy prices will con-
tinue Lo increass but at a vate sonre-
where between the high percentages of
the past fewe years and the relarively

stable values that prevedded thom. A
higher rate will increase the NPV and
increase the resultane amal savings,
The interest race, alse known as the
discount rate, was set at a celatively
conservative value of 6 percent. Tnereas-
ing the rate typically will lower the NPV
values and decrease the impact of the
large initial investments.

The various scenarios analyzed for
the ¢ase stuely are presenced in Table 1,
including both existing conditions and a
seeics of potenrial inprovements in the
building’s encegy consumption. The first
columng allow a simple compagisun of
the indrial investment, the anmeal energy
costs, and the annual maintenance costs
of the proposed improveinent versus the



cost of doing nothing. The paybacl
column indicares the year in which the
initial investment in the project is “paid

for” ont of che annual cnergy and main- .

tenanee savings. The nexr set of columus
show 25-year values thac include the
time value of money impacts over the
25-year study peviod, including the
anticipated annual savings in all ¢x-
penses, ag well as juse the energy portion
of those costs. What is striking is that
while all of the suggested improvements
offer definite projected cnergy savings
(none is less than 10 pereent), only some
of them are able to transtate the enecgy
savings into overall life-cyele cost sav-
ings, due mostly to the difficulty of
overcoming high initial-investment costs
of some of the improvements.

Reviewing the table and each area of
potential improvement studied, iv be-
comes clear that two of the most elfee-
vive projects that can be undertaken at a
histovic building such as Swift Iall ave
upgrading che lighe Axtuves and consrols
to improve efficiency and insulating and
venrilating the attic. These wsults are
1ot surprising, since both ave relatively
inexpensive undertakings that also resule
in high encegy savinss, In contrast, two
projeces that ave ofien touted for theiv
envrgy-saving benefits, upgrading the
heativg: system and veplacing windows,
ace unable to fully recaprure their steep
initial investment costs with energy and
matstenanc: savings.

In the case of the heating system,
upgiading the conrrols of the existing
centeal stemn system caries only a slight
projected ammual cost increase ($1,145),
which can be justified easily by the im
proved comfbort for the occupants and
the reduced workload for maintenance
personnel. Installing a new high- effi-
cieney boiles, o contrase, has a much
steeper anticipated annual cost increase
($4,500) to accumpany the higher en-
erpy savings. It conld be argued, how-
evey that the benefits of this heating-
system upprade would last longer than
the 25-year-life cycli period of the scudy,
decreasing the cost impact of the new
systenn.

[ contrast to the other systems
deseribed above, the benefits of window
replacement ave, ar best, questionable. !
Giiven the velatively low overall energy
savings offeced by the vacious forms of
windaw improvements, the only option

that makes clear economic sense is to
vefurbish ehe historic wood windows
and mstall storm windows, and even
this course of action is bacely a brealk
even undestaking according to the finan-
cial analysis, Replacement with painted
wood windows is a very castly ap-
proach, duc not only to the cost of
purchasing aud insealling the new nnits
but also duc 10 need for periodic paine-
ing. New wooden windows also lack the
duralility of historic windows made
with old-growth lumber. Vinyl-clad
windows can eliminace the need fox
painting but still are not able to achieve
cost savings compared ro keeping the
originals. Replacement with solid viny!
windows is notany beiter. They are
cheaper than wood windows and da not
vequite painting, but they have a rela-
tively share lifespan; the cheapest ver-
sions will last less than 1.0 years before
the vinyl becomes britele and che joints
open up, bur even the more cxpensive
models will be hard pressed o last mnch
beyond 20 or 25 years befoce failure
heeomes problemacie. The short replace-
meat cycle for these windows over-
whelms their initial lower cost and
recuced maintenance costs, and the
unwitting property owners typically will
fimd themselves replacing them before
the windows have finished paying for
themselves.

Finally, comparing the combination
[rrojects, one can now see that the antici-
pated additional 10 percent in energy
savings offered by the major interven-
rion scape over the minor intervention
scope is nat a particulacly good invesi-
ment from a fmancial perspective, The
high cost af the new bailer and new
windows create such a high projeet cost
that the savings in energy and mainee-
nance: costs offercd by these aptions
cannot overcoine them. In contrasg, the
minor scope lighting upgrades, attic
insulation and venting, upgraded hear-
ing concrols, window refurbishing, and
storm windows — offers not only sub-
stantial cnerpy savings but alse signifi-
cant savings in annual expenses com-
paved to the option of doing nothing.
These interventions also carry the addi-
tional benefic of being more respectlul of
the character of the historic building,
creating the ideal scenavio of saving
energy while saving hisrocy.

SAVING EMERGY IN HISTORIC BUILDINGS 1t

Conclusion

As can be seen from the case study, it is
entively possible to meet the goals of
inproved encrgy efficiency i a manner
that is both cost-effective and sensitive
to the historic charvacter of the building,
By using encugy modeling, it is possible
to better wnderstand she inherent prop-
ertivs of a particular historic resouree
that cause it to pecform differently from
new construerion and rhereby 1o design
improvements that use those features to
their best advantage. Tt also allows the
designer to use life-cycle costing to
betrer understand the cost implications
ol a particular intervention over the
long term, which will help in decision-
making if the loss of historic material or
character cannot be justified by im-
provements in cnergy performance.
Combined wich other considerations
not discussec in this article, such as the
aestheric, historical, environmental, and
functional impacrs of any chosen course
of action, these vools can help the con-
scientious building owner, architect,
engineer, or preservationist malke the
argumnent chat sometimes using the
newest marerials ov rechnology is not
the most appropriate course of action in
a cehabilitation project and ehar main-
taining and restoving histovic buildings
is often che most sustainable step to
tale.
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The Real Cost of Removing Historic Windows
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Sustainability looks even better

through a restored window.
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For all the brilliance ceflected in efforts
to preserve historie buildings 1 the U.S,,
the issue of replacing windows rather
than restoring them remains singularly
unresobved. Proponents an bath sides of
the issue may easily become frustrated
by a dearth of useful data, as well as
conflicting information, or misinforma-
vion, promulgated by manufacturers,
Indeed, it often seems that many preser-
vation pracritioners and building own-
crs vemain in the sway aof advertising
claiming rhat the fiest order of business
is ro replace old windows. In the con-
text of presecvation and sustainability,
however, it is wetl worth reconsidering
this approach.

Sustainability and Authenticity

In considering alrernarives to replacing
historic windows, one needs to keep in
mind two important elements: sustain-
ability and authenticity. Sustainability
(building green) and historic preserva-
tion are a natural marriage, so long as
one temains mindful ehat suseainability
is not just abour energy consecvation.’
Preservation and sustainability involve
myriad clemeunts that can work in sym-
biotic and synchronized ways toward a
favorable outcome. For example, pres-
ervarion work is more labor- than
marterial-intensive, which benchits local
economies; naturak ventilarion afforded
via operable windows can reduce the
size of mechanical equipment, especially
of aiv=condiriening; and salvaging his-
toric materials, such as wood sagh,
obviates the need to harvest live trees
and other natural resources for the
manufacture of replacement units.
Similarly, recaining and celebrating
authenticity is one key element of an
exemplary preservation program. Neo
onc should rake lightly the option of
discarding authentic historic materials

in this case, windows — without fully
evaluating the consequences. Once au-
thentic material is lost, it is lost forever,
It does not marter how accurate the re-
placement window, it never reflects the
nuances of the original.

Taking the Long View

Historic windows possess aestheric and
material atrributes char simply cannot
be replaced by modern replacesment
windows. Like preseeving whole build-
ings, vestoring historic windows is a
solid step forward into the tealm of
sustainability. "The present approach to
sustainability, however, still too often
focuses un new consteuction and issucs
such as “intelligent™ windows and
energy efficiency, while overluoking
other important, holistic benefits of
presecving historic windows, such as
the following;

» Conscrvation of embodied enerpy
(i.e., the sum total of the energy
required to extract vaw marerials,
manufacture, transport, and instal
building products). Preserving his-
toric windows not anly conserves
their embodied energy, it also elimi-
nates the need to spend energy on
replacement windows. Aluminum
and vinyl — the materials used in
many replacement windows — and
new glass itself possess levels of em-
bedied energy thar arc among the
highest of most building materials
(Fig. 1.2

« Reduction of environmental costs,
Reusing historic windows reduces
environmental costs by eliminating
the need for removal and disposal of
existing units, as well as manufacture
and trangportation of new units,
Also, many replacement units are
manufactured with such matevials as

25
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Fig. 2. Many excellent worksheats are available for calculating payback of replacement windows; this one is produced by the Missouri Dapartrment of
Matural Resaurces. Resulis of payback calculstions often reveal grossly overstated claims. Courtesy of the Missouri Deparimant ol Natural Resources.



vinyl and PVC, whase production is

known to produce toxic by-products.
So, while energy savings is green, the
vehicle toward its achicveiment — in

this case, replacement windews — is
likely ro be the antithesis of green.’

+ Economic benefits. Restoration proj-
cets are neacly twice as labor-inten-
$IVC a5 NCW CONSITUCHion, Meaning
more dotlars spent go to people, not
materials. This type of spending, in
turn, has the beneficial effect of pro-
ducing stronger, more dynamic local
ceonamies,”

» Ease of maintenance. “Maintenance-
free™ is a convenient marketing slo-
gan; many replacement windows, in
reality, cannor be mainrained well ov
conserved. Vinyl, fiberglass, scalants,
desiccants, and coating systems all
degrade, and they are materials that
remain difficult or impossible to re-
cycle or conserve,’

o Long-term performance. While man-
ufacturers” warcantics have been
lengthened in the past fow years (they
are now generally from 2 ro 10 years),
they still pale in comparison to the
actual performance life exhibited in
historic windows, which can reach 60
to 100 years and more, often with
just minimal maintenarce.

Clearly, sustainability takes into ac-

count motre than just the cost of energy

savings. [t also promotes salient social,
cconomie, and environmental benefits,
along with craftsmanship, aesthetics,
and the culrural significance of historic
fabric. Still, the issue of encrgy savings
is often used to justify replacement over
restoration, but just how valid is this
argument?

Energy Savings

If the foremost goal for replacing his-
toric windows is encrgy savings, beware
of “faces” presented: they very likely
will be — inteneionally or not — skewed,
misinformed, ox curtright fallacicus.
Window manufacturers universally
Boast about low U-values (the measure
of the rate of heat loss through a marte-
rial or assembly; a U-value is the recip-
rocal of an R-value, which iy the mea-
sure of resistance to heat gain or loss),
For example, U-values are ofren mis-
leadingly quoted as the value for the
entire window unit, when in fact it is
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the value through the center of the glass
(the location of the best U-value), not
that of the sash nor the average of the
entire unit.’ To be sure that data are
being presented appropriately, request
the U-values published by the National
Fenestration Rating Council (NFRC),

which rate whole-window perforinance.”

When U-values are offered for rthe
enrire window assembly, they often are
significantly worse (i.¢., higher} due to
mfiltration arcund the frame and rough
opening.? In cases where replacements
tend to warp and bow over time {and
they do), this facror becomes ever more
crucial.” It is also important to watch
for comparative analyses: some replace-
ment-window manufacturers compare
their window units to an “equivalent™
single-pane aleminum window, Clearly,
this is an inappropriate analogy since
these types of windows are not likely to
be found in a preservarion context,

Infiltration of Outside Air

Infitration of outside aiv — rather than
heat lost theough the glass — is the
principal culprit affecting cnergy; it can
account for as much as 50 percent of
the toral heat loss of a building.'® When
rerrofc windows are installed over or
within the existing window frame, the
argument for preservation already ex-
ists: restocing the inecgrity of the fie
between the frame and building wall
should be the fizst component of a pres-
ervation approach,

Sash pockets, pulleys, and meeting
rails ave areas prone to air infiltration in
double-hung units. Yet, several wearher-
proofing systems for existing windows
can yvercome these heat-sapping short
circuits.! Replacement-window manu-
facturers themsclves admic that even
among replacements, double-hung units
present the greatest challenges for con-
trolling heat loss because infiltration
occurs most frequently at sash-te-sash
and sash-to-frame interfaces, which ave
highly dependent on the quality of the
installarion.'? The enerpy efficiency of
restored windows incorporating retcofit
components (weathersteipping and
weatherseals combining pile, brush,
bulb, or “Z” spring seals) can meet and
even exceed the efficiency of replace-
ment units.'* This approach is suggested
as the first alternarive among green-
building advocares.

Payback

Focusing on windows as the principal
source of heat transfer may lead to the
conclusion thar windows are morc
important than, say, insulating the attic,
foundation, or walls. While data vacy
somewlhat, up to 25 peccent of heat
may be lost through doors and win-
dows."¥ Bur when the aforementioned
potential 50 percent foss through infil-
tration is taken inte account, the total
effective percentage of heat loss at-
tributed to the window units themselves
would be only 12.5 percent. Tharis a
relatively small percenrage for a poten-
tially large invescment, especially when
other opticns are available.

In acruality, rypical window-replace-
ment systems offer paybacle periods that
are often nowhere near manufacrurers’
claims: the payback of a typical unit
could rake as long as 100 ycars (Fig. 2).'S

Heat Less/Heat Gain

Heat loss is often discussed, but what
about hear gain? In summer, heat gain
can add significantly to the enecgy costs
asseciated with cooling a building.'?
Long wavcforms within ¢he daylighe
spectrum that enter through the glass
must be able to exit, or else they de-
grade to heat thar then must be over-
comg by the building's cooling system,!
Low-emittance {“low-e” or “soft low-
e”) glass handles this rask bese, improv-
ing thermal performance by victnally
eliminating infrared (long-wave) radia-
tion through the window." It accom-
plishes this task by allowing shorr-wave
radiation through and reflecting long-
wave heat back ro its source, while at
the same time providing an appearance
that is victually clear®

Low=e glazing can be substitured into
existing units that are only single-plazed
and still achicve important energy sav-
ings. Single-pane low-c glass can provide
a virrually equivalent level of combined
encrgy savings as a standard new dou-
ble-glazed unit when used in concerr
with an existing single-paned sash (e.g.,
as a storm or interior sash).2' Replacing
panes of glass, then rightening up the
sash and frame, is a very simple and
cost-effective way to achieve che desired
whole-assembly U-value without having
to modily visible light, mullions, or sash
weights.*

#
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Fig. 3. At left Is a drawing of a lypical lale-nineteonth- to eally-lwentieth-century six-oversix, double
hung window. Al right is a modern “equivalent” replacemeant. The cansiderably thicker mullions and
frame of the roplacement unit (necessilated by the use of insulated glss) result in a nearly 15 per-
cent reduction of visible light and views. Urawing by Walter Sedovic Architacts.

Insulated Glass

Replacement windows neacly always
incorporate insulated glass (1G) unirs,
The cffectiveness of an [G unir is greatly
dependent on the depth of the airspace
berween inner and ourer panes, as well
as on the narure, type, and amounr of
desiceant and seals employed around
the wnit perimeter™ While manufactur-
ing techniques For IG unics have contin-
ued to improve, when [G units fail, they
are difficult and rime-consuming to
replace,”

The additional weight and thickness
of IG units preclude their usc as retrofits
in histotic sashes of either weod or
metal. Indeed, to compensate for theiv
heft, virtually all IG replacement win-
dow mullions, sash, and frames are
bulkier than their historic counterparts.
The result is that visible daylight levels
are reduced by 135 percent or more and
views are interrupted.® Reducing day-
light and negatively affecting views are
explicitly not consistent with a susrain-
able aporoach (Fig. 3).

Laminated Glass as an Alternative

Laminated glass remains an often-
overlooked alternative to G units,
perhaps because of the industry's focus
on marketing it as “safety” glass. While
l[aminated glass cannor compete with
technologically advanced, complex 1G
units, it does offer enhanced U-values
for monolichic glass without having to
marecially alter the mullions of the
historic sash into which it is being
frted.*® It is important to recognize,

though, that a U-valuc is not the only
criterion that derermines rhe relative
thermal ¢fficicney of a window. Solar
and light rransmittance also affect
performance, and they may be henefit
when low-¢ laminated glass is selected
The benefits of taminarcd glass, thougl,
go mueh further when considered part
of a comprehensive program to restore
and thermally upgrade histovic sash:
+ Laminated glass offers significantly
higher levels of noise abaterment than
1G.

» Historic glass may be laminared,
offering energy and noise benefits
while maintaining an authentic Anish.

= Laminared glass is fac casicr and less
expensive to procure and install and
allows for feld cutting.

» v offers superior safery and security
features.

« Laminated glass may be equipped
with low-c glazing to help offset heat
gain.

« Historic sash, both metal and wood,
can be cutfireed with laminated glass
without modifying or replacing mul-
lions and trame elements (something
that would be requiced by the installa-
tion of significantly thicker IG units).

« Condensation is reduced as a resule of
the internal rhermal break of lami-
nared glass.

« A variety of features (UV protection,
polarizarion, rranslucency, cre.) can
be incorporated as layers within
laminated glass, Efforts to achieve the

same vesults in [G unies chrengh the
use of applied Alms {as opposed to an
integral layer within the glass) has
been shown to greatly reduce the life
of double-glazed units by inhibiting
the movement of rheir seals.®

Performance and Material Quality

A hallmarlk of sustainability is long-
texm performance. Intrinsic within vhat
premise are issues about waterial qual-
ity, assembly, and conservabiliry. As
noted above, some material cholces
(c.g., PVC) incorporated inta replace-
ment-window umes are inherently not
able to be conserved > When the mate-
cial degrades, it then becomes necessary
to replace the geplacement.’®

One of the great virtues of historic
windows is the quality of the wood with
which they were construcred. Histovic
windows incorpovate both hardwoods
and softwoods that were often harvested
from unfertilized early-growth stock.
Such waod has a denser, more naturally
occurring grain structure than whar is
generally available today from second-
growth stock or fectilized ree farms.
Also, historically, greater concern was
given to milling methods, such as quar-
ter- or radial sawing. The resulting
window pecforms with greater stability
than its modern councerpart, This alane
has far-reaching benefits, from minimiz-
ing dimensional change, to holding a
paint coating, to sccuring mechantcal
fastencrs,

No amount of today’s staples, glue,
finger-splices, and heat welds can march
the performance of traditional joinery.?!
Similar comparisons coutd be made of
the quality of havdware employed in
replacement windows, such as spring-
loaded balances and plastic locking
hardware; they carmot compere with the
lasting performance and durability of
such historie elements as pulley syscems
and cast-meral hardware.

Ease of Maintenance

For cleaning windows, traditional sin-
gle- and double-hung windows are often
ourfitted wich interior sash stops that
may be vemoved readily, allowing for
full access to the interior and exterior, as
well as to the pulley syscem. Borh case-
ment and pivor windows ace inherently
very easy to clean inside and our.



Replacement windows incorporating
tile-in sash — a feature thar on ics sur-
face appears enticing — require thar
there is no interior stop, increasing the
potential for air infiltration around the
sash, Compressible jamb liners that
allow for the tilt-in feature ave often
constructed of open-cell foams thar,
once they begin to degrade, lose both
their compressibility and sash-to-frame
infitreation buffer.

The ability to readily disassemble
historic wood windows also allows for
sclectively restoring, upgrading, and
adapting individual components of a
window throughout its life, Most re-
vlacement-window systems cannot
make that claim,

Aesthetics and Authenticity

Nuances in molding profiles, shadow,
ling, and color of windows, along with
qualicy and appearance of the glass,
contribute greatly to the overall build-
ing aesthetic and penerally emulate che
stylistic details of the building as a
whole, Even what might scem like small
changes in these elements can and does
have a noticeable and vsually detcimen-
tal effece on many historic facades.
Outhitting historic buildings with mod-
ern replacement windows can and often
does resulc in a mechanical, contrived,
or uniformly sterile appearance. Wouse,
when hiscoric windows ave replaced,
authenticiry is lost forever.

Value and Cost

Repairs of historic windows should add
to the value of the property, as an au-
thentically restored automobile would
command greater value than one “re-
srared” with plastic ceplacement parts.
While there is a deacth of cost-com-
parative analyses between a replacement
window and its restored, authentic
counterpart, empirical knowledge based
on field experience covering a wide
varicty of window types suggests that

restoration is on a par, cost-wise, with a

middle-of-the-road replacement. Corol-

lary conclusions arc that:

« cheap replacement windows will
always exist to superficially counter
the cost-basis argument for vestora-
tion; and
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« high-quality cquivalenc replacement
units have been shown in practice to
cost as much as three times thar of
restoration,

Windews are a critical clement of
sustainability, but sustainability is not
just about encegy. It is about making
euvirgnmentally responsible choices
regacding historic windows that take
into account the spectrum of associared
costs and cffects. The choice of whether
to replace ov restore requires embracing
a more encompassing definition of
sustainability. The answer is not as
simplistic as some would have us be-
lieve.
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Walter Sedovic Architects, works in histove
preseevation and sustainable desipn. His work
and firm are wecoguized tor integrating sreen-
building approaches and ideologics inte preser-
vation projccts.

JILL H. GOTTHIE! T is an associate at Walrer
Sedovie Archireets, providing project manage-
ment, design, and consrenction administracion.
She has cxrensive experience in integrating,
sustaimable building rechinologies into preserva-
tion prejects.
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Do you replace or restore historic windows? What are the facts and myths In this most .-._.J_”_]

ezl

contentious of debates?
Click here for a llsting of window restoration companies
By Walter Sedovic and Jiti H. Golihelf

In just the past few years, both sides in the debate over replacement vs. restoration of
historic windows have been called upon to clarify their stance. For those advocates of
restoration, there has been a virlual watershed of support, maostly in the form of states,
historical commissions and preservation organizations across North America
identifying historlc wood windows as “endangered” elements.

,: b J i R B |l
l .d‘”l n1 vent
) with real-time 0&A
April 21, 2:00 p.m. ET
Click here to
_ | register online.
The damage wraught by replacement windows Is self-evidant Produced by Ofem Labine s
and increasingly pervasive. Aff photos: © Waller Sedovic Traditional Buiding, Glam
Assoclates Labine's Pariod Homes, and the
Traditional Bulldmg Exhibition
On the other side of the fence, and in respense to this newfound "endangered” stafus, and Confarence,
replacement window manufacturers have sought to develop standards that would Undde rwritten
demonstrate thelr products’ effectiveness in a format that would — much like the FDA's Ludawid| Reol Tile.

nutriticn labeling system — allow consumers ta more readily compare apples {o apples. Earn 1 AL HSW/SD,
At least one major manufacturer, Marvin Windows & Doors of Warroad, MN, has
been reaching across the aisle to develop products that respond to the concerns of
preservationists when replacement is appropriate. To thelr immensa credit, it has even
joined In arguing for retentlon and restoration of historic wood windows as a first
option.

What has been gained by all of this activily? Despite this surge toward restoration, a
generalion (it has been 28 years since the first fully assembled replacement window
system was introduced by Andersen Windows in 1980) of listening to the marketing
mantra of "replace those old drafty windows"” continuss to run deep In cur national
psyche, The preservation community, armed with increasingly useful infermation, is
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now in the position of responding: “Go ahead. Replace those old drafty windows--with
new drafly windows."

Indeed, much of the current oulcry against wholesale choices toward replacement has
to do with how poorly many replacement windows perform. Payback periods are not
promated, and, unlike historle windows that have been in service for 50, 76, 100 or
more years, replacement windows are creating a costly cycle of replacing, over and
over again.

Still working against ]
preservation, however, 15 the o Ty S v -
dearth of useful facts that 0N TR TYTTRY TN
counter the assertion that ofd o |

windows are inherently
detrimental to the energy
performance of a building.
That notion is beginning lo
change, at present, people
are considering the
alternatives, and that alone is
a huge leap In the right
directicn. In time, we will he
armed with the facls and
talking points that will
facilitate a full-fledged
movement toward restoration.
And that Is important on many
levels: economic,
environmental, educaticnal
and aesthetic.

This window replacament resulted In reducod visibiity

To help this movement along, and daylight.

we have assembled a list of

talking points, backed by data

currently available {and growing at an accelerating pace), that will help arm those in
search of truth, balance and a desire simply to do the right thing.

1. Replacement window manufacturers have now all but abandoned the claims
of “U" factors that were given for the gtass, not the assembly. They now faver a
standardized rating system offered through the independent National
Fenestration Rating Council (NFRC), which measures whole window
perfarmance.

Misleading. While it Is true that in response to the misuse of "U” values, the NFRC has
been engaged in the testing and evaluation of whole window assembties, what is not
said Is that every manufacturer has {he option of discounfing — and not revealing — two
impartant markers: infiliration and condensation.

U-factor is the universal measure of heat gain or loss due to differences belween
inside and outside temperature, or the measure of how much heat may be conducted
through a building element. [t is the inverse of R-value, which measures a material's
resistance to heat transfer. For U-values, lower numbers are better. A U-factor may
refer to Just the glass or glazing alone, but the NFRC's U-factor ratings are Intended to
represent the entire window performance, including frame and spacer material. Data
requirements for the ratings have been relaxed, to permit the exclusion of
condensation, air infittration, visible transmittance (VT) and light-te-solar gain, the ratio
between solar heat gain coefficient {SHGC) and VT.

Simply put, that means that a consumer may very well be purchasing a replacement
window system that allows as much or more infiliration as their existing windows.
While in the past, the argument favaring historic windows was largely based on
anecdotal information, preservationists have tools already at their disposal to discount
replacement window arguments: namely, standardized tests defined by the American
Society for Testing & Materlals (ASTM) that allow for both field and taboratory
testing of infiltration. Employing these testing methods will clearly reveal the

http://www.period-homes.com/Newsletiet/SPR_APRIL_9 09 NEWSLETTER. html

Page 2 of 6

s Sfzeye
YWirele
WWaeirizrs

On-demand versions
| of our popular Webinars

Windows and Historic
Preservation Prajects

The Dos and Don’ts of
Traditional Windows

The Science of
Wooden Windows

\ Advance registration |
required,
1" I 1 L] L)
{eter anfimn .
Praduced by &lem Labine’s
Traditional Building, £ lem
Labipe's Periad Homes, and the
Traditional Building Exhibition

and Gonference.
Underwritton by 11 ol Vi |

Conlinumng education
units available.

Browse the
Product Gallerles

Arlworl, Art Glass & Furnishings
Columns & Capltals
Conservatorlgs & Outbulldings

Doors, Windows, Shutters &
Hardware

Exlerior Elements, Omament &
Finishes

Flooring
Interior Qrnament & Flnishes

Landscape, Main Sireet & Garden
Specialties

Lighting & Electrical

Mantals, Fireptaces & Chimneys
Metalwork

Plumbing, Bath & Heating
Rooefing & Roof Specialtles

5/25/2011



Special Product Report from Period Homes

performance of existing windows and help put to rest claims that new windows
perform befler.

Also missing from ihe equation is visual transmittance (VT) and light-lo-sofar gain
{LSG). LSG is important as a component of sustainable performance since glass and
films used to receive low (i.e., positive) SHGC ratings ofien reduce the amount of
visible light and Iherefore require a correspondingly increased use of arificial lighting.
Clearly, consumers will banefit as more [nformation is provided on labels, and despite
efforts, we are not too much further along in understanding the perfoermance of one
wingow over another, and certainly not over the performance of an existing historic
window assembly.

Wlindows are not the only elements maligned by
Inappropriate réeplncaments.

2. Replacement window manufacturers offer the option of reusing existing
frames and replacing just the sash, at a more economical cost.

Misleading. As stated above, it Is the whole window assembly that determines the
performance benefits. Infiltration through a window occurs in many locations, not just
the sash. Reusing an existing frame that is not tight, within a wall system that leaks will
produce the same effects that existed before the replacement window was installed.
Any window system — new or old - must be part of a weather-tight system from the
sash to the walls.

Further, several independent studies have shown that windows contribute only 10-
12% of overall infiltration to the building envelope. Much mere Infiltration occurs at roof
eaves, foundations and even through wall receptacles, dryer and plumbing vents and
fireplaces. Concentrating funds to these elements has a much greater potentiat of
providing a quick payoff than replacing windows. Replacing sash alone Is not hollstic,
and vary likely not economical. It Is far better in the long run to replace or restore the
antire window assembly,

3. Replacement windows are malntenance free.

No. As Michael Jackson, FAIA, chief architect of the Illinois Historic Preservation
Agency peinted out in a recent presentation, "Embodied and Cperating Energy:
Balancing the Eco-Equation,” "mainienance free" means it can't ba repaired. This
truism is critically impertant when deciding whether to replace or restore. Vinyl,
finerglass and aluminum windows — and insutated glass — are formed using materials
and technigues that by and large are not conservable. Once they deform, fade, warp
or fail in other ways, there is virtualy nothing that can be done hbut turn to
replacements--again.

4. Replaging historlc wood windows with new wood windows Is a falr trade-off.
Not likely. The quality of new wood from managed forests, tree farms and ferlilized
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stock is no match for that of early, natural-growth wood that comprises historic window
frames and sash. "Wood denslty is a good pred|cier of economic value and strength of
wood products, determined by the simultaneous increase in late-wood percentage and
treo ring density. The short rotation and intensive treatmants assoclated wilh industrial
forestry prolong the growth of low quality juvenile wood, while postponing the growth
of the stronger and more stable malure weod.” This is according to a report published
in May, 2607, by Robert A. Andrus for Willamette University, “How Tree Rings Reflect
Wood Quality: Evidence from [ndustrial and Sustainably-Managed Stands.”

Current wood-

grading il’-ll'-‘- 1"
standards for

densily were
developed during
the period of old-
growth forestry
and may not be
applicable to
woods harvested
from {oday's
industrial forests.

The bottom line
is, new wood is
not comparable

to early wood. Traditional storm window sysiems offar not only suparlor
Beyond that, performance and energy officlency, hut can also be a graceful
olher factors that complement to the histarlc sash.

lead to windows

of less desirable

quallties include methods of milling, drying and joining woodwaork; all of these affect
aurability and performance. Aesthetically, modern mullions — even when attempting to
emulate historic profiles — can be exceedingly large, obscuring sight lines and
reducing visible light. It remains an unfortunate reality that after much discussion
regarding this topic thraughout the preservation and sustainability communities, noted
landmark commissions still cling to the idea that replacement windows are acceptable
as long as they somewhal copy the superficlal elements of their historic counterparts.

5. Installing sform windows wili lead to condensation.

Cluite possibly. In discussing storm window applications, the choice is often based on
aesthetics, or ease of installation and maintenance, rather than an speclfic regional
and environmental conditions. Properly fiited storm windows outfitted with laminated or
tow-¢ glass may help 10 offset the emergence or amount of condensation present,
which forms when warmer, moisture-laden air comas into contact with colder glass
surfaces. This effect may be mitigated by thoughiful design and selection, and even
improved upon over time with alternate choices of weather-stripping systems and
glass types,

6, Replacemont windows are more energy efficlent and are therefore
sustainable.

Not true. If you're not already reconsidering replacement based on energy
considerations alone, consider these other non-sustainable features of many
replacement windows. A poorly performing window that requires replacement after just
a few years means additional debris in our landfills, resources extracted for production
and energy for manufaciuring and transport, none of which is sustainable. Also, the
materials that comprise many replacement windows - aluminum, vinyl and glass - are
among the greediest In terms of energy consumption, resource depletion and Inahility
to recycle. All leave a heavy environmental footprint.
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Replacing sash while ignoring the primary sources
Inflitration can hava detrimental and costly results.

7. In order to be energy efficient, windows need to have argon-filled, low-e,
insulated glass.

Mot true. It's a fallacy to believe that there is a one-size-fits-all solution to proper
window assembly. Environmental conditions, inciuding orlentation, play heavily Into
the choices offered for glazing. Laminated glass Is an appropriate substitute for
insulated glass and has many anclllary benefils. it can incorporate histonic blown
(wavy) glass, it can be field cut, it Is safety glass, it is less expensive initially, It won't
fail and fog when the deslccant seal falls, it may be outfitted with low-e glass, and it
has excellent noise abatement characteristics. Plus, it can be installed in exisiing or
new true-divided-light sash and won't require snormous mullions to support it.

8. Storm windows are cumbersome and high maintenance, requiting removal,
storage and reinstallation each year,

Not true. Multiple manufacturers offer elegant wood slorm windows that can be
cutfitted and customn designed for virtually all historic window configurations. They are
available in a variety of styles — hinged; multi-paned with lamirated, low-e and blown
glass; and interchangeabla screens — that work in concert visually and functionally
with operable historic windows. They can be installed (and removed) from the Interior
or left In place if desired, without affecting the ability to open windows, and allow for
natural ventilation throughout the year. Of course, they may also be removed and
stored seasonally, if desired. They are a relatively inexpensive solution, with
demonstrated superior energy-saving benefits that translate inlo short payback
periods. Plus, storm window syslems are reversible and easily upgraded.,

A 2007 report by Keith Haberern, licensed architact and engineer and chairman of
Collingswood (MJ) Historic District Commission, supports this statement. It shows that
the paybacl time for adding a single-pane storm window to an existing single-pane
window is 4% years. On the other hand, the payback time for replacing a single-pane
window with insulated glass window is 41% years, and for replacing a single-pane
window and storm with a low-e insulated glass window, it's 222 years!

9. Replacement windows Increase property value.

Highly dubious. Imterestingly, this ¢laim has surfaced with increasing regularity as the
argument for payback has become universally disproved. Credible data regarding
elevated or declining property values relative to window replacement Installations have
yet to appear. Arguably, as more becemes known about the shortcomings of many
lypes of replacement systems, data will prove that retaining historic windows actually
provides for more stable (or increased) proparty values; in fact, historic commissions
atready are advocating just that.

10. Replacement windows pay for themselves.

Nonsense. Replacement window manufacturers generally have backed off this once
ubiquitous claim, simply because it's patently untrue. As discussed hergin, varied
studles have shown that far better payback periods are realized through resteration,
careful glazing choices, the incorporation of well-designed storm window systems and
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a healthy cynicism about unproven, oif-handed claims, Facts and research are guickly
putting this — the most blatant of them = to rest.

Click here for a listing of window restoration companies
Click here for mare product reports

Walter Sedovic, AIA, LEED AP, is principal & CEO of Wallar Sedovic Architects,
Ivington, NIY. 4 speales often on sustainabilily and preservalion and Is a quest editor
for the APTI Bulletin special issue on sustainability and preservation. Jill H. Golthelf,
AlA, Is senior associate at Walter Sedovic Architacts. She Is ca-chair of the
Association for Preservation Technology Suslainable Preservafion Technical
Commillee.

Rastora Medla, LLC | 1054 318t 81, NW | Suite 430 | Washinglon, OC 20007 - All Rights Reservad,
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The Repair of Historic Wooden Windows
Joh H. Myers

‘The windows on many historic bulldings are an Important agpect of the architectural
character of those bulidings. Thelr design, craftsmanship, or other quallties may make
them worthy of praservation. Thig I3 self-evident for ornamental windows, but it can
be equally true for warchouses or factories where the windows may be the most
deminant visual element of an otherwlse plaln bullding (see figure 1), Evaluating the
significance of these windows and planning for thelr repalr or replacement can bu a
complex process Invelving bath obfective and subjectlve conslderations, The
Secretary of the Intertor's Standards for Rehabllitatlon and the accompanylng
guldelines, ¢all {or respecting the significance of orlglnal materials and features,
repalring and retalning them wherever possible, and when necessary, replacing them
In kind, This Brlef Is based on the Issues of skynlficance and repair which are Implicit
In the standards, but the primary emphasis [5 on the technlcal 1ssues of plannlag lor
the repair of wingows including evaluation of thelr physlcal condition, techniques of
repalr, and destgn censlderations when replacement is necessary.

Much of the technlcal sectlon presents repaie technlques as an lastructional gulde for
the da-lt-yourselfer, The tnfermation will be useful, however, for the architect,
contracter, or developer on large-scale projects. It presents a methodology for
approaching the evaiuation and repair of existing windows, and conslderatlens for
replacement, from which the professional can develop alternatives and specify
appropriate materlals and procedures.,

Architectural or Historleal Slgnificance

Evaluating the architectural or historical slgnificance of windows Is the firsk step In
planning for window trgatments, and a general understanding of the function and
history of windows is vital te making a proper evaluation. As a part of this evaluation,
one must conglder four basic window functions: admitting light to the interlor spaces,
providing (resh air and ventilatlon to the Interer, providing a visual link to Lhe outslde
world, and enhancing the appearance of a bullding. No slngle factor can be
disregardad when planning windew treatments; for example, attempling lo conserva
energy by closing up or reducing thg size of window openlngs miby result In the use of
more enargy by incressing electrlc lighting leads and decreasing passlve solar heat
galns,

Historlcally, the first windows in early Amerlcan houses were casement windows; that
13, they were hinged at the slda snd opened outward, In the beginning of the
elghteenth century single- and double-hung windows were Introduced. Subseguentty
many styles of these verticol aliding sash windows have come to ba asseciated with
speclfic bullding perlods or mrchitectural stytes, and thig Is an Impertant conslderation
in determining the slgnificance of windows, especially on a fgcal or reglonal basls.
Slte-specific, reglonally oriented archltectural compariaons should be mada to
determine the significance of windows in question. Although such ¢comparlsens may
focus on spocific window types and their detalls, the ultimate determination of
slgnilicance should b made within the context of the whole bullding, whereln tha
windows are one architectural element (see figure 2).

After ail of the factors hava been evaluated, windows shouvld be considered significant
to & bullding If they: 1} are orlginal, 2) reflect the orijinal deslgn Intent for the
bullding, 3) raflect peried ar reglonal styles or bullding practices, 4) reflect changes to
the buiiding resulting from major perlods or avents, or 5) arg examples of éxceptlonal
craftsmanship or deslgn. Onca this evaluatlon of significance has been compieted, It Is
possible to proceed with planning appropriate treatments, beglnning with an
Investigation of the physical conditlon of the windows,
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Physieal Evaluation

The key to successful planning for window treatments [s a careflol evaluation of
exlsting physical conditions on a unit-biy-unlt basls. A graphic or photographlc system
may be devised 1o record existing conditions and llfustrate the scopa of any necessary
repalrs, Another sffeitlva toof Is a window schedule which llsts all of the parts of each
window unlt. Spaces by each part allow notes on exlsting cenditiens snd repalr
Instructions. When such a schedule s completed, It Indlcates the priacise tasks to ba
performed In the repalr of sach unlk and becomes a part of the specilicatlons. In any
evaluation, ane should nats ot a minimum, 1) window location, 2} conditlon of the
palnt, 3) canditien of the frame and slll, 4} condition of the sash {rails, stiles and
munting), 5} glazing preblems, 6) hardware, and 7) the averall condltion of the
windew {excellent, fair, poor, and so forth).

Many factors such as poor deslgn, molsture, vandatism, Insect attack, and lack of
malntenance can contribute to window deterioration, but molsture 15 the primary
contributing factor In wooden window decay. All window units should be Inspected to
soe If water |s entering around the edges of the (rame and, IF so, the Jolnts or seams
should be caulked to eliminatea this danger. The glazing putty should be checked for
cracked, looge, or missing sectlons which allow water to saturate the weod, especially
Ak the joints. The Back putty on the Interor dlde of the pane should afso be Inspectad,
because it creates a seal which prevents condensation from running down inte thie
{olnary. The sl should be examined to Insure that It sfopes downward away from tihe
bullding and allows water to draln off. In addition, It may be advisable to cut a
driptne along the underside of the slil. This almost lnvisible treatment will insure
proper water runoff, partlcularly If the bottom of the sill ks Alat. Any conditions,
Including poor original design, which permit water ke come In contact with the wood
or Lo puddle on the slil must be corrected as they contribute to deterlaration of the
window.

One clue to the locatlon of areas of excessive molsture |5 the conditlon of the palnt;
therafore, each window should be examined for areas of palnt faliure, Since excessive
mplsture is detrimental to the paint bond, areas of point blistering, cracking, faking,
and peeling usually Identlfy points of water penetraticn, molgture saturation, and
petential deterloration, Failure of {he palnt should not, however, be mistakenly
interpreted as a sign that the wood Js In poor conditien and hance, Irreparable, Waod
I8 frequently in sound physical conditlon bereath unsightly paint. After noting areas of
paint fallure, the next step 1s to Inspect the condition of the woed, particularly at the
points ldentifled durlng the paint examination.

zach windaw sheuld be examinad for operational scundness beglnning with the lower
portions ¢f the frame and sash, Extarlor ralnwater and Interlor condensation can fllow
downward along the window, enterlng and collecting at palnts where the faw I3
blocked. The slll, jelnts between the sill and jamb, corners of the boltom ralls and
muntin jeints are typlcal points where water collects and deterloration begins (see
flgure 3}. The operation of the window (continuous opening and clesing over the
years and seaspnal temperaturia changes) weakens the joints, causing movament and
slight separation. This pracess makes the jolnts more vulnerable ta water which Is
readlly absorbed Into the endgrain of the woed. If severe deterioration existy In these
areas, it wiil usually be sppaient on visusl Inspection, but other less Lewaraly
deterlorated areas of thi weod may be tested by two traditional methods using a
smatl lca plck,

An lce pick or an awl may be used to test wood for soundness. The technique is
simply to §ab the plck Inte a wetted wood surface at an angle and pry up a smalf
scctlon of the wood. Sound wood will separate in leng Nbrous splinters, but decayed
wood wiil it up In short liregular pleces due to the breakdown of flber strength.

Anather method of testing for soundness conslsts of pusiing a sharp ebject into the
wood, perpendiculer to the surface. If deterloration has begun from the hidden side of
a member and the cees is badly decayed, the visible surfaca may appear to be sound
wood. Pressure on the probe can force It through an apparently sound skin to
panetrate deeply into decoyed wood. This technique Is especially uselul for checking
slils where visual access to the underslde Is restricted.

Followlng the Inspaction and analysls of the results, the scope of tha necessary
repalrs will be evident and o plan for the rehabliitatien can be formulated. Generally
the actlons necessary to refurin a window to "llke new” conditlon will fall into three
broad categories: 1) routine malntenance procedures, 2) structural stabllization, and
3) parts replacement. These categories will be discussed In the followlng sectiens and
wlll be referred to respectively as Repedr Class I, Repalr Class 11, and Repair {liss 111
Each successive repair class representd an Increasing level of difficulty, exparse, and
work time. Nota that most of the palnts mentloned In Repalr Class I are roukline
maintanance items and should be provided in a regular maintenance program for any
bullding. The neglect of these routina items can contribute to many common window
problems.

Before undertaking any of the repalrs mentloned In tha flollewing sectlons all sources
of moistura penetration should be [dentified and ellminated, and all existing decay
fungl destreyed In order to arrest the deterloratlen proceas. Many commerclally
available funglcides and wood preservatives are toxic, #o it 15 extremely Important to
follow the manufacturar's recomimendations for application, and store all chamical
materlals away from chlidren and animals. After fungleldal and prassreative treatment
the windows may be stabilized, retalned, and restored with every expactation for a
long service lIfe,

Repair Class 1: Routine Maintenance

Rapalrs to wooden windows are vsually labar Inténsive and relatively uncomplicated,
On small scale profects this allows the do-lt-yourselfer to save money by repaiting all
or part of the windows, On larger projects It presents the opportunlty for time and
money which might otherwlse be spent on the remaoval and replacement of existing
windows, to ba spent on repalrs, subsequently saving all or part of the material cost
of new window unlts, Regacdless of the actual costs, or who performs the work, tha
avaluation process described earller will provide the knowledge from which to specify
an approprlate work program, establish the work elernent priorities, and Identify tha
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level of skll needed by the labor farce.

The routlng imalatenance required to upgrade a window to "like new” condlilon
nermally Includes the following steps: 1) some degree of Interfor and exterior paint
removal, 2) removal and repair of sash (Including reglazing where necessary), 3)
repalrs to the frame, 4) weatherstripping and relnstallatlon of the sash, and 5)
repalnting. These operations are lllustrated for a typical double-hung wooden window
{oet figures 4a-f), but they may be adapted te other window types and styles as
Appkaable.,

Cled-Fiogrse dossmafe Tindilienal
Historlc windows have usually acquired many layers of palnt over time. Removal of Pigs I Bl fre .
excess layers or peellng and Reklng palnt vl facllitate operation of the window and ;‘,"r::'::_';’l'f':r":,':;:'_':":ﬁn:_"‘l;l bl
restare the clarity of the original detailing, Some degren of paint removal 15 alse I\.ml-to-l‘n.nl;miou siodugls
necessary as a sk sleg In Ltha proper surface prepasition for subsequent rafinishing )
(If paint ¢olor amalysls is desired, It should be conducted prior 1o the onset of the
palnt removal). Thers are saveral eafe and effective technlques for removing palnt
from wood, depending on tha amcunt of palnt to be removed. Several technlques
suchi ag scraplng, chemical stripping, and tha use of a hot alr gun are discussed in
"Preservatlon Briefs: 10 Paint Removal from Historle Waadwork” (see Additlonal
Reading section at end).

Palnt removal should begln an the Interior frames, heing careful Lo ramova the paint
fram the interior stop and the parting bead, particularly along Lhe seam where these
stops meet the [amb. This can be accomplished by running @ utllity knife along the
length of the seam, breaking the palnt bond. 1t wili theén ba much easler to remove
the stop, the parting bead and tse sath. The Interlor stop may be tnitlally loosened
from the sash slde to avald vislble starring of the wood and then gradually pried loose
using a palr of putty knlves, werklng up and down the stop in small Incramenls (see
figure 4b). With the stop ramoved, the lower or Intesior sash may be withdrawn, The
sash cords should be detached from the sldes of the sash and their ends may be
pinned with 3 nall or tled In & kngt to prevent them fraim falfing Into the welght
pocket,

Remaval of the upper sash on double-hung unlts 13 simliar but the parting bead which
halds It In place 1s set into a groove tn the centpr of the stile and s thinner and more
delirate than the interler stop, After removing any paint aleng thir seam, the parting
bead should ba carefully pried cut and warked fres in the same manner a8 the interior
stop. The upper sash can be removed In the same manner as the lower one and both
sitsh taken to a cenvenient work area (In order to rernave thit Ladh the Interler stop
ard parting bead need only be removed from cie sida of the window). Window
openings can be covered with polyethylane sheets er plywoed sheathing while the
sash are out for repair.

The sash can be stripped of paint using appropriate technigues, but If any heat
treatment s used {see Ngure 4c), the glass should be removed or protected from the
sudden temperatura change which can cause breakage. An overlay of aluminum foll
on gypsurn board or asbestos can protect the glass from such rapld temperature
changa. it 12 Important te protect the glass because it may be histeric and often adds
character to the window. Daterivrated pulty should be removed manually, taking care
not to demage the woad 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
ramalning putty can be removed and the sash can be sanded, patchnd, and prirmed
with a preservative primer. Hardened putty in the rabbets may be softened by
heating with a solderlng Iren ak the point of removal. Pukty remalning on the gloss
may be softened by soaking the panes in linseed oil, and then removed with [eas risk
of breaking the glass. Before relnstalling the glass, a bead of glaziag cornpound or
llnseed oll putty should be lald around the rabbet to cushion and seal the glass.
Glazing compound should enly ba used on waod which has baen brushed with linsesd
oll and primed with an gll basad primer ar palnt. The pane is then pressed Into place
and the glazing pelnts are pushed Inte the wood around the perimeter of the pane
{see figure 4d). The Ninal glazing cempound or pulty |5 applied and tevaled to
completa the seal. The sash can be refinlshed as desired on the insicde ind palnted on
the outside as scon as a "skin” has formed on the putty, usually In 2 or 3 days.
Exterior paint shauld cover the beveled glazing compound or putty and lap over onto
the glass slightly to complete a weather-tight seal. After the proper curing times have
elapsed for paint and putty, the sash will ke ready for ralnstallation,

Whila tha sash are out of the frame, the condltlon of the woed In the Jamb and slll can
be ewaluated. Repalr and refinlshing of the frarme may proceed concurrently with
repalrs to the sash, taklng advantage of the curing times for the paints and putty
usid an the sash. One of the most common work items Is the reglacement of tha sash
cards with new rope cords or with chalns {see Ngure 4e). The welght pocket is
frequenitly accessible through a door en the face of the frame near the s, but if no
door exists, the trlm on the Interior face may be removed for access, Sash welghts
may be Increased for easler window operation by elderly or handicappid persons.
Additional repairs ta the frame and sash may include consolldation or replacement of
deterlorated wood. Technlques for these repalrs are discussed in the following
sections,

The operations just discussed summarize the efforis necessary to restore a window
with minor deterloration to "llke new" condition {see flgure 4F). The technlques can be
appied by an unskllled person with mintmal trainling and experlence, To demonstrate
the practicallty af this appreach, and phetegraph It a Technical Preservation Servkes
stalf member repalred 8 wooden double-hung, two over two window which had been
In service over ninety years. The wood was structurslly sound but the window had
one broken panp, many layers of paint, broken sash cords and inadequate, worn-out
woatherstripping. The staff member found that the frame could he stripped of palnt
and the sash removed quite ezsily, Palnt, putty and glass removal required about ane
hour for each sassh, and the reglazing of both sash was accomplizhed In about one
hour, Weatherstripping of thit £ash and fiame, replacement of the sash cords and
relnslallation of the sash, parting bead, and stop required an hous and a half, These
times refer only te indlvidual operations; the entlre process took several days due to
the drying and curing times for putty, primer, and palnt, however, work on other
window units could have been In progress durdng these lag times.

Lepair Class 1: Stabillzation
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The preceding deserlption of a window rapalr Job focused on a unlt which was
operationally sound. Many windows will show some additional degree of physical
deterloratlon, especintly tn the vulnerable areas mentioned earlier, but aven badly
damaged windows can b= repalred vsing simple processes, Partially decayed wood
¢an ba waterproofed, patched, built-up, or consolldated and then painted ta achisve a
sound cenditlon, good appeoarance, and greatly extended (ife, Threa technigues for
repoiring partially decayed or weathered wood are discussed In this section, and all
three can bz accomplished using products avallatls at most hardwarte stores.

One established technlgue for repalilng wood which Js spllt, ehecked or shows signs of
rot, Is to: 1) dry the wood, 2} treat decayed areas with a funglcide, 3) waterpraof
with two or three appllcations of boiled lnseed oll (applications every 24 hours), 4} fll
cracks and holes with putty, and 5} after a "skin” forms on the putty, paint the
surface. Care should be taken with the use of funglclde which is toxic, Tollow the
manufacturers' directions and use only on areas which will be painted. Whan using
any technlque of building up or patchlng a Nat surface, the finlshed surface should be
sloped slightly to carry water away from the window and not allow it to puddle.
Caulking of the folnts between tha sill and the jomb will help reduca lurther woter
penetration.

When slils or cther members exhlblt surface weatherlng they may also ba built-up
using wood putties or homemade mixtures such a5 sawdust and resorcingl glue, or
whiting and varnlsh, Theis mixtures can be bullt up In successive layers, then
sanded, primed, and painied. The same caution ahout proper slope for flat surfaces
applies to this technlque,

Wood may also be strengthened and slablllzed by consolidation, using semlilgld
epoxles which saturate the porous decayed wood and then harden, The surface of the
consolideted woed can then be filled with & semirigld epexy patching compound,
sanded and painted (see figure 5}, Epoxy patching cormpounds con b used to bulld
up missing sectlons or decayed ends of members. Profiles can be duplicated using
hand molds, whi¢h are created by pressing a ball of patehing compount over a sound
section of tiha profile which has benn rubbed with butchwe's wax. This con be a very
efficlent technlque where there are many typleal repairs to ba done, Tachnlcal
Preservation Services has published Epoxles for Wood Repalrs In Risteric Buildings
({see Additlonal Reading saction at end), which dizcusses Lha theory and technigues of
@poxy repalrs. The process bas been widely vsad and provan In marine applications;
and pmﬁn‘utary products are avallable at hardware wncl marine supply stores,

Although epoxy materials may be comparatively expenstve, they hold the promise of
belng ameng the mest durable and lang fasting materlals avislinbie for wood repalr,

Any of the three technlques discussed can stablllze and restere the appearance of the
window unit. There are times, however, when the degree of daterlaratlon Is s0
advanced that stablilzation Is Impractical, and the only way to retaln some of the
orlginal fabrlc Is to replace damaged parts,

Repair Class 11: Splices and Parts Replacement

When parts of the frame or sash are so badly deterlorated that they cannot be
stabMlized thera are metheds which permit the retentlon of some of the exlsting or
ariglnal fabrle, These methods Involve réplacing the detérlorated parts with new
matching pleces, or splicing new wood Into existing members, The technlquan veduilie
more skill and are more exﬁenslve than any of the previously discussed alternatives,
It Is necessary to remove the sash andfor the aHected parls of the frame and have a
carpenter or woodwarking mill reproduce the damaged or missiag ports, Most
millwerk firms can duplicate parts, such as munting, bottom rails, o sills, which can
then be Incorporated Into the existing window, but It may be necessary to shop
arcund because there are several factors controlling the practicality of this approach.
Some woedworking mills do not like to repalr old sash tecaise nails or other forélgn
objects In the sash can damage expensive knlvas {which cost far mara than thelr
profits an small repalr Jobs); others do not have cutting knives to duplicite muntin
profiles, Some firms prefer t¢ ¢oncentrate on larger jobs with more profit [zotentlal,
and some may not have a craftsman who can duplicate the parts, A littie searehing
should locate a firm which will do the job, and at a reasonable price, If such o firm
does not exlIst locally, there are firms which undertake this kind of repalr ami ship
natlonwide, It i$ possible, however, for the advanced do-it-yourseller or craftsman
with a table saw to duplicate maoulding proflles using technlques distusssd by Gurdie
Whittington In "Simplified Methods for Repreducing Wood Meuldings," Bulletin of tha
Assoclation for Preservatlen Technelegy, Vol, 111, No. 4, 1971, or lilustrated more
recently in The Old House, TimeUfe Books, Alexandrla, Virginia, 1979,

The repalrs discussed In this sectlon Invoive window lrames which may ba In very
deterlorated condition, possibly requiring remaval; therefore, cautien s In order. The
actual constructlon of wooden window frames and sash Is not complicated. Pegged
martlse= and tenon units can be disassembled easléy, If the units are out of the
bullding. The Installation or connectlon of some frames to the surrounding structure,
ezpeclally rissanry walls, can complicata the work Immeasurably, and may even
requira dismantling of tha watl. It may be useful, therefore, to take the fellowing
approach to frame repalr: 1} conduct regular malntenance of sound frames to achleve
the fongest life possible, 2) make necassory repairs In place whergver passible, using
stabllizatlon and splicing technlques, and 3} if removal I necessary, thoroughly
Investigate the structural detalling and seek approprlate professional consultation.

Another altarnatlve may be consldered If parts reptacement Is required, and that Is
sash replacement, If extensive replacement of parts Is necesusiy and the job |
becomes prehibltively expensive It may be more practical to purchiasa new 2ish which
can be installed Into the existing frames. Such sash are available afd exact custom
reproductlans, reasgnable facsimlles {custom windows with slmilar profles), and
contempeorary wooden sash which are slnilar In appearance. Thera are companles
which st manufacture high quality wooden sash which would duplitate most blstorle
sash, A few ¢alls (o local bullding suppliers may provide a source of appropriate
replacement sash, but if not, check with local historical associatlons, the state historlc
preservation office, or preservation related magazines and supply catslogs for
Informatlon.

if & rehabllitatlon project has a lerge number of windows such as a commercial

http:/f'www.oldhousejournal.com/npsbriefs2/brief09.shiml 5/18/2011



The Repair of Historic Wooden Windows Page 5 of 7

bullding or an Industrial complex, thare may be less of a problem arrlving at a
solutlan. Once the evaluation of the windows |s completed and the scope of the work
Is known, there may be a polential economy of scale. Woodworking mills may be
Interested In the work from a large project; new sash In velume may be consldarably
less expensiva par unlt; crews <an be assernbled and tralned on she to perfarm all of
the window repalrs; 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 tha average historic home owner Lo pay seventy dollars or more for a
miil to arlnd a custam knlle to duglicate four or five bad muntins, that cost becomes
negligible on large commerctal projects which may have several hundred windows,

Most windows should not require the extenslve repalrs discussed in this sectlol. The
ones which de are usually In bulldings which have lman abandened for long periads or
have totally lacked maintenance for years. It |s necesiary to tharoughly Investigate
the alternatlves for windows which dir require extenslve repalrs to arive at a solution
which retains histaric significance and |5 also economically feasibla, Even for projects
requlring repalrs identlfled In this section, If the percentape of pars replacement per
viindow is low, or tha number of windows requiring repalr i3 small, repalr can stlll be a
cost effectiva solutlon.

Weatherization

A window which 1 repalred should be made as energy efflcient as possible by the use
of appropriate weatherstripping to reduce alr Infiltration. A wide varfety of products
are avallable te assist In this lask. Felt may be fastened to the top, bottom, and
meeting rails, but may have the disadvantage of absorblng and helding molsture,
particularly at the bettom rall. Rolled vinyl strips may alst be tacked Into place In
appropriate locatlons to reduce infiltratlon, Metal strips or new plastic spring strips
may be used on the ralls and, If space permits, in the chmnnels between thig sash and
jamb. Weatherstripping 1s a historic trealment, but old weatherstripping {felt) Is not
likely te perform very satisfactorlly, Approprlate cantemperary weatherstripping
should be consldered an integral part of the repalr process for windows, The use of
sash lorks installed on the meeting rall will Insure that tha sash are Lept tightly dosaed
so that the weatherstripping will function mare affectively to reducs infiltration,
Although such locks will not always be historicatly aceurate, they will usvally be
vigwed as an acceplable cantemparary modificstion In the Interest of improved
thermal performance,

Many styles of storm windows are avallable to Improve the thermal performance of
exlsting windows, The use of exterlor storm windows should be Investigated whenever
feasible becausa they are thermally efficient, cost-affectlve, reversible, and atlow the
retention of orlginal windows (see "Preservation Briefs: 3"), Storm window {rames
may be made of wood, aluminum, vinyl, or plastic; however, the use of unfinlshed
alumlnum storms should be avolded. The visual Impact of storms may be minimized
by selecting colors which match exlsting trlm color. Arched top storms are avallable
far windows with speclal shapes. Although Interlor storm windows appear o offer an
attractive sption for achleving double glazing with minimal visual impact, the polentisl
for damaglng condensation problems must be addressed, Molsture which becomes
trapped between the layers of glazing can condanse on the calder, auter prime
window, petentlally leadirg to deterloration, The correct approach to using Interlor
shorms 15 ko create a seal oi the Interlor storm while allowing some ventilatlon around
the prime window. In acteal practice, the ereation of such a durable, alrtight seal Is
difficult.

Window Replacement

Although the retentlon of origlial or exlsting windows I3 alway3s desirable and this
Brlaf I3 Intanded to ancourage that goal, there Is a point when tha condition of a
window may clearly Indicate replacement. The declslon process for selecting
replacement windows should not begin with a survey of contemparary window
products which are available as replacements, but should begin with a lock at the
windows which are heing replaced, Attempt to understand the contributlon of the
window(s} to the appearance of tha facade Intluding: 1) the pattern of the openings
and thelr slza; 2) proportions of the frame and sash; 3) conflguration of window
panes; 4) muntin profiles; 5) type of waod; 6} paint color; ¥) charactailsties of tha
plass; and 8) associated detalls 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 bullding, or represents technological development.

Armed with an awarennss of tha significance of the existing window, begin to search
for o reptacoment which retiades s much of the character of the historke window as
rossible, There ore many sources of sultable new windows. Conlinue laoking until an
accaptable replacesnent can be found. Clieck bullding supply firms, local woodwarking
millg, carpeiters, peaservation orlented magazines, or cataladis ur suppliers of old
butlding sraterlals, for product Information, Lacal histerioal sswuciatlons and state
historie preservation offices may be good sources of Information on products which
have been used successiully in preservation projects,

Canslder energy efficlency as one of the facters for replacements, but do nat et it
dominate the issue. Energy conservatlon 13 no excuse for the wholesale destructlon of
historic windows which can be made thermally efficlent by histerlcally and
aesthetically acceptable means. In fact, a historlc wooden windaw with a high quallty
storm windaw added should thermally autperform a new double-glazed metal window
which does not have thermal greaks {insulatlon between the Inner and outer (rames
Intended to break the path of heat flow). This gccurs because the wood has far better
Insulating value than the metal, and In addition many historlc 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 howr translerred through a
square foot of materlal. When comparing thermal parformiance, the lower the U«value
the better the perfermance, According to ASHRAE 1977 Fundamentals, the U-values
for single glazed wooden windows range from 0.88 to 0.99. The additlon of a storm
window should reduce these figures to a range of 0.44 to 0,49, A nan-thermal hreak,
double-glazed metal window has 3 U-value of about 0.6.

Conclusion
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Tochnlcal Preservation Services recommengds the retentlon and repalre of orlginal
windows whenever possible. We belleve that the repalr and weathérizatlon of existing
wooden windows |s more practical than most people reatlze, and that imany windosws
are unfortunately replaced because of a lack of awareness of technlques for
evaluatlon, repalr, and weatherlzatlon. Wooaden windows which are repalred and
praperly maintained will have greatly extended service livas while contributing to the
historic characier of the bullding. Thus, an important element of a bullding's
slgnificance will have been preserved for the future,
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Sash Window Clinic

Maintaining the Mechanics of Double-Hung
Windows

By Witlium T. Cox Jn.

Most old houses hava scores of
double-hung windows, and
most windows are bullt to
outlast the cal‘gentars who
Installed thamRIf they are
propesly malntained.
Unfortunately, past
generatlons sgmetimes cared
lItle about the moving parts of
2 wood window. In fac, It's
tough after, say, 75 years of
palnting to recognize thy
removable parts, especlally
thosa that are badly neglecied.
Yet, whea a window gets
palnted shut or the sashes
loosen up, when weights fall ar
cords fray, knowling how to
dismantle the parts of a weed
sash window 15 half tha repalr
battle. Here's a refresher
course In malntaining the
mechanleal parts of a typlcal
deuble-hung window, one of the easlast and most satlsfying
aperations In old-house upkeep.

The Parlls of Paint
poor palnting skills destroy windows. It takes little more than one —
sloppy ceat of paint ta bind a sash In piace as strong as any glue, [ o

Windows should always ba painted In an opan position and moved L}andSﬂAm?HC&Imm
often to keep the sashes free whila tha paint gries. '

To unstick a window that |5 paint bound, start with a sharp utllity knlfe
and gentiy scora the Joints between the sashes and siops. Do the
same hetween the bottem rall and steol (the Indoor equivalent of the
sill), Don't attempt to cut through the paint on the first try. If you
dare, most likely the tip of the blade will skate across the face of tha
stop, leaving you with & gash to repalr. Instead, make light passes at
first (a cautiows mppronch that has saved many pleces of trim). As you
cut, try pushing ngaknet the bottam sash stiles several times with your
hand to help break thie bond. Avold using a pry bar at this stage as pry
marks are nearly Impossibla to remove.

You may have to go ouldoors and cut between the boftom sash and
parting stops. Or try this telck, Run a long, thin, Nat plece of metal llke
a saw blade or meta! strapping between the bottom sash stile and
parting step al the top and boltom sash meeting rails. Stilt
unsuccessful? Then remaove the Inside stops by carefully prying these
mouldings lrom thelr jambs (see next section). If the sash still stays
put, soften the palnt with stripper and tyy agaln.

Removing Stops and Sash

stops are bullt to be movabile se you can pull the sash for service, as
well as dean off averpalnt. To remove stops without damagling the
finlsh, First cut the paint at the jolnt with a utllity knife. Then, get
behind the stop on the chisnnel sida using nothlng bigger than a &6
Ouimd pry bar Lo avold pry marks. Starting at the middle, pry the
stap away from the jamb a (ltthe at a time along Its futl length, prying
al or near e nalls that typlcally hold them In place, These moulkdngs
becomea quits brittle over Hime and will sptinter If moved out too far In
one spot. Also, nalls rust here more than anywhere else in a house

5/18/2011
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and hold very tightly, If you're unable lo move the stop, look far
strews, Some stops are fastened Lo the jamb with Mat-head slotted
brass screws and cup washers,

As you work the stop free, gently bow It In the middle to release the
ends. Note how they are bullt, Many stops are mitered at the top, but
they may also $llp Into pockats that will split the wood If you musche
the stop out, I've alse found stops relnstafled ypside dewn. When you
remove the first stop complately, mark an ORO or OLO on the back
near the top. Remova the finish malls by pulling them threugh tha
wood with nlppars,

Thern ave so many sash-and-stop deslyns you may conslder becorning
a ditective Instead of a carpenter. Sorme sashes have a slgt cut the full
length of the stile, which holds a crimped plece of galvanized tin nailed
to the channel. Pulling the top two nalls should ioosen the sash, (You
may have to cut the rest of the nalls ta remove the metal strip In one
plece.) Try using a 5 Laplng knife to get behind the metal
waatherstripping. Or, If you resort to tearlng the metal out, replace It
with 11U4 spring bronze weatherstripping,

Parting Strips

with one stop remaoved, vou should be abfe to cock the bottom sash
out of the window freme se i dangles fram two cords. Have your
helper hold one side of tha sash while yeu investigate how the cord tg
attached bo the stile, The knatted end of the sash cord should sit In o
pocket, perhaps secured with a nall, Before remeving the cord, tie a
sllp knot near the pullay {or clamp the cord) to keep the weight from
falllng into the welght chamber, cord and all, If your windows are big
enough to have chalns, slip a nall threugh one of the links.,

To removea a double-hung top sash, cut the palnt betwegen Lhe top sash
and the partlng strip, The parting strip {or parting bead) Is a standard
rilllwork item; If it breaks, you can replaca It at your local lumber
yard. Plck a slde, then start prying the parting strlp out near the il
uglng a palr of locklng pliars to gently loosen the woad, Tt may be
secyred with bwo or threa 6d box nails, Remeva the nalls as you pry,
warklng the strip frea up to the top sash, Sut, don't try to remove It
completely at this time,

Now, slide tha top zash down as far as it will go, Den't worry (i
Blnds. Work the parling stelp loose from the header down. The parting
strip should twist out of Its galn (recess), freelny the top sash, Far
now you can leave the other strip In the jamb, Remove the sash cords
the same way s describad befors, then scrape, glaze, and paint the
two sashes as needed.,

Welghts and Cords

with stops and sashes remaved, look for a small door sliting Mush in
the Bottom of the sash channel, This doer, usually secured with a
alngle wood screw, will glve you access to tho welght pockets without
having to remove tha Inside window trim, As you reach for the cords,
note which welght goes with each sash. If you heve, say, a slx-over-
tw@ window pattern, the bottom sash may ba the lighter of the hwo
and will never stay down with the wreng welghts tied to it

Anytime the sash cord shows signs of wear or sloppy palnting {which
makes tha fibers brittle), replace It with the best product you can flnd.
True sash cord Is bralded cotton surrgunding a cotten Inner cora, ['ve
seen people use clothesline but It doesn't last, (Sunlight and heat
destroy the plastic coating, making quile & mitis.) Check the oldest
hardware store In your town; they should sell zash card by tha foot or
Nity foot colls and [n slzes for the weights of resikdentlal
windowsRusually No, 7 (5 1bs. to 12 Ibs.) or Na .8 (12 Ibs. ta 20 lbs.),
Cut tha new cord to the length of the old cord. If the cord 15 gone,
measure from the knot pocket on the sash stila to the top rall, and
from the window header te the sill, Adding these two measuremenis
will approximate the length for the sash cord,

Feed the cord back over the pulleys, then tle an approprlate knat to
hold the welghtNusually elther an overband knot (for recessed holes)
or a bowline or Ozsash knotd (Tar standard holes}. If need be, you con
use @ snake (a string tied to a small welght) to get to the bottom of
the welght chamber, Don't tle the welghts se they bottom out on the
sill or bind at the pulieys when the sash I8 moved from header te il
Aler you've scraped thie sashes and stops fre of palnt bulld-up,
relnstall the parts In reverse order. Soma folks lightly wax the sash
channels at this point with paraffin or bee's wax, but never use soap
(It tends to staln). With sash in place, nail or serew the Inslde stops
snug to the bottom sash, then slide the sash up to the header and
secure the stops snug there, toa, Check the stops agaln In a few
menths; seasonal humidity swings will alfect step-to-sash clearance,
Last, silde your sashes up and down a few times to satisfy yourself
that averything is In affortless working order,
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Design Review Submittal Checklist: Window Replacement
1217.10

Applications submitled for design teview must be accompaniad with a varkely of materials which adequately describe the proposal. Fling deadline for ihe
LPC is Tuestlay, three weeks prior 1o schaduled mesting, a full docurneritation set are due In the Landmarks offica by 900 AM, If staff clears 1re submitted
documentation, then itis the applicant's resgonsibility to produce 15 full packets of the documentation for distribution 1o the commission, Qccasionally
comimisaon review is not necessary for projects that comyply with the Revised Municipa! Code of the City ond County of Denver, Colorada; Chapter 30 Landmark
Preservation, Secretary of the Interiors Standards for Rehabilitation, Deslgn Guldelines for Landmaork Structures and Districts (V595), Staff will contact aprlicants as to
ther review evaluation.,

The cormmission requires thar there Is demonstrated need to replace original windows, Demonsirated need s shown in the form of a window assessment
as outlined In National Park Service Preservation Briefs A9, The Repair of Historic Wooden Windows. The assessment neads to correspond to photos of the
wirndows 1 be replaced and a floor plan showing the lacation of tinse particulsr windows, Stafl also needs documentation on the proposed replacement
windaws. Ivis highly recommerded that an owner diseuss window replacement with a staff member prior to submiting documeritation.

The followlng Is REQUIRED:
O 1. Complete Application for Design Review

0 2. Complete window assassment
Each assessment must include:
1. Description of each exisling window including type, malteiial, and size
2. Detailed assessment of frame and sash condition and ahility 1o function
3. Recommendedd treatmen! for ach window
a. |Ifreplacement: weitten explanation of why repair and/or weatherizing will not work
4. Assessed window should e numbered to carrespand to the floor plan and photos

O 3. Documentation on the praposed replacement windows
1. Window type and material
2. Graphic comparison of size of existing window and size of replacemant window
3. Product literature ar cut-sheet on window brand

O 4. Floor Plan drawn to scale, The floor glan must include the following:
B Address, Scale, North Arcaw, floor
I Notation of windows to be replaced corresponding to the assessiment

1 5. Color photos of existing windows to be replaced
All Photographs must be:
1. labeled to correspond with the loor plan and the assessment
2. Incolor, pa smaller than 4"x6”
3. Each photo should contain only ene window
4. Submitted via hard copy, digital format {e-mailed to staff) and/or ona €0

*PMlease note: Work In Country Club Mistaric District must first be reviewed by the Cauntry Club desigr review subcormmitlee.

Ihe drawinis should all be on the same size shaets of paper (none larger than 117x 17, Fach sheet should be fatweled with the title, page numies,
acidriess, date. and name of preparer (peson or firra). Examples of drawing standards are awvailatsie rom | PC stafl. Documentation must be sceled so that
the dimension on any part of the plan can be ascermained. The e ang scale of each drawlng must be cleartly identiied. Clear notation of matedals should
also be shown. Submitted drawings bacone part of the permanent record of the Cly and County of Darwer for the subjec) property,
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City of Boulder Panning and Development Services
WINDOW AND DOOR REPLACEMENT APPLICATION

®

Windows and doors are very often character-defining features of a historic building,
therefore applicants are encouraged to repair rather than replace historic windows and
doors. However, if the condition of the feature is determined to be detericrated heyond
repair, it is important that the replacement feature is compatible with the style and
character of the building.

A Landmark Alteration Certificate is required for the replacement of historic windows and
doors on buildings located in a historic district and for individual landmarks. Review by
the Landmarks Design Review Committes is required for window and door replacement
and the project may be referred to the full Landmarks Board for review if the commiitee
censlders the replacement is inconsistent with the guidelines and may be to the
detriment of the property and/or the historic district. The condition and location of the
windows or doors proposed for replacement must first be identified before submitting the
replacernent product information. Part | will he reviewed by staff and may be reviewed by
the LDRC; if window(s) and/or door(s) are appropriate candidates for replacement, a
second application must then be submitted identifying the proposed replacement
windows or doors. The complate application will then be reviewed by the LDRC and may
be referred to the full Landmarks Board for review. For more information about windows
and doors on landmarked buildings and in historic districts and the process for assessing
their historic significance, please consult sections 3.7 and 3.8 of the General Design
Guidelines for Boulder's Historic Districts and Individual Landmarks available on line at:
http:/Awww.bouldercolorado. qov/files/PDS/historicpres/pdfs/draftaenguidelines. pdf or by
calling 303.441.1880.

Part I: Identify existing location and condition of window(s) or door{s) proposed
for replacement. The following materials are required as Part | of this application; see
below for more information.

O Completed Landmark Alteration Certificate Application,
Available through the Planning Department, 1739 Broadway or online at
boulderhistoricpreservation.net

[ Context photograph of the subject building, with labeled location of each
windows or doors proposed for replacement.

Photograph(s) of the building as viewed from public right-of-ways; if the building
is located on a corner or is visible from an alley, multiple photographs should be
taken. Windows or doors proposed for replacement should be labeled as "Af1,
A2, B1, B2..." depending on the location and number of the windows. A= primary
elevation (if the building is located on a carner, two elevations may be considered
primary}, B= secondary (side) elevation, C= tertiary (typically the rear) elevation,
If only one window or door is proposed for replacement, the photograph may
simply be labeled ‘door’ or ‘window’.

L] Photegraphs of each window or door proposed for replacement, showing
the condition of the window or dgor,
A minimum of three photographs of each window or door proposed for
replacement is required as follows:
1. A photograph of the window or door from the exterior, showing the
molding or other decorative features surrounding the window or door.
2. Close-up photograph of the window or door from the exterior,




showing the condition of the frame, sash, pane(s), and muntins {if
applicable).

3. Close-up photograph of the window or deor from the interior, showing
the condition of the frame, sash, pane(s), and muntins (If applicable).

D A _short description of the condition of each window or door proposed for
replacement.
A written description for each window or door proposed for replacement should
include the following:

1. Description of the location of the window (e.g. “Window A1 is located
on the second story on the north side of the house, which faces Dewey
Avenue")

2. The type of window or door (.e. screen door, muiti-paneled door,

French door, or double-hung, leaded glass, divided-light, casement,
hopper, or fransom window) as well as the materiality (i.e. wood,
aluminum, glass) and operation of the window, if applicable {i.e. double-
hung vs. casement window).

Description of the condition of the window or door, including the
operability and condition of the frame, sash, sill, pane(s}), muntins (if
applicable) and casing condition (i.e. “WWindow A1 is a wooden, 4-over-1
double-hung window. The sash and sill are in a deterioraled state; the
wood has rotted and there is an 1/8” gap when the window is fully closed.
The muntins and pane are intact, Overall, the window is difficult to
operate.”)

Please submit a completed Landmark Alteration Cerfificate application and reguired
information to a historic preservation planner for review. The project will be reviewed
within 14 days, and if the proposed replacement of windows or doors is determined te be
appropriate, Part Il of the application shall be submitted and reviewed within 14 days by
the design review committee and may be referred to the full Landmarks Board.

Part Il: Comparison of Existing Window(s) or Door(s) and Proposed Window(s) or
Door(s). The following materials are required for Part || of this application:

Ll Completed Landmark Alteration Certificate Application
LI Completed Part | of this application

L] Information regarding the proposed window(s) or door{s)

Windows and doors are character-defining features of a historic bullding,
therefore applicants are encouraged to repair rather than replace historic
windows and doors. However, if the condition of the feature is determined to
be deteriorated beyond repair, it is important that the replacement feature is
compatible with the historic windows and the historic character of the
building. Detailed photographs or drawings, including dimensions, or a spec
sheet is required for review of the proposed replacement window or door.

J Completed 'Window or Door Replacement Application-Existing and Proposed
Comparison’ form.
The attached form allows a side-by-side comparison of the existing and
proposed window or door. It is important that following characteristics are
maintained:
1) the pattern and size of the 2) proportions of the frame and
openings sash;, :




3) configuration of window 7) characteristics of the glass

panes; 8) associated details such as
4) muntin prefiles; arched tops, hoods, or other
5) type of wood; decorative elements,

6) paint color;

The National Park Service Preservation Brief 9. The Repair of Historic Weoden Windows
offers further guidance on repairing or choosing replacement windows. This brief is
available at www.nps.gqov.

For more information on the appropriateness of window and door replacement, please
refer to the General Design Guidelines, available online at:
hitp://iwww.bouldercolorado.gov/files/PDS/historicpres/pdfs/drailgenguidelines. pdf or
through the Long Range Planning office 303.441.1881.
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Windows are an integral part of the design and
character ol mos! buildings, and choosing appro-
priate replacemeant windows is frequentty a critical
aspect of any rehabilitation project. Along with the
need for energy conservation, the various window
systems available today can overwhelm an owner

In selecting the appropriate treatment for window
re-placement. Windows located on primary — the front
or visible elevations - traditionally feaiure a higher
degree of detail and ormmamentation than windows
located on secondary — the side or rear elevations.
With such a varlely of different window shapes, muntin
profiles, methods of operation and configu-rations,
seamingly minor changes can sericusly damage

or alter the appearance of a butlding, or averall
neighborhood character. The Flanning Department
recognizes this challenge and has developed A Guide
to Apply for a Window Replacement Permit, which also
includes a list of frequently asked questions.

The San Francisco General Pian, the Planning Code's
Prionty Planning Pollcies and the Residential Design
Guidslines each call for protecting and enhancing
nsighberhood architectural character citywide.

Since their revision in 2003, the Residential Design
Guidelines set window requirements for all bulld-

ings within a Residential Zoning District {(Page 46).

To clarify the Depariment's policy and serve as an
additionat guide to answer frequently asked questions
in regard to window replacement and neighborhood
character, the Depariment developed this Window
Replacernent Stanciards handcul. This document

This document Is divided into two
sections:

Frequently Aslaed Questions
Regarding Window Replacemont

How to Apply for a Window
Replacement Permit

also answers questions regarding what materials

are required to be submitted to review a permit
application for the repair, rehabilitation, restoration,

or replacement of windows in San Francisco. Please
note that rehabilitation and alleration standards far the
preservalion of designated City Landmark properties,
including contributing buildings in histeric or conser-
vation dislricts, are contained in Arlicles 10 and 11 of
the Planning Code.

This document hereinalter represents the San
Francisco Planning Deparliment’s policy in regards
to this type of work and is based on the following
principles:

[ Windows that are seen from lhe street or other
pubiic right-of-ways are an impartant part of
neighborhood character as well as the Individual
architectural character of a byilding.

If replacement windows are proposed for any
type of structure, the new windows visible from
the public rights-of-way should be compatible
with both the character of the neighborhood
and the subject bullding in terms of size,
glazing, operation, finish, exterior profiles and
arrange-ment.

Historic windows and character-defining wingow
fealures on architecturally significant structures
should be retained anrd repaired wherever
possible.




Do not purchase replacement
windows before confirming
with the Planning Department
that the windows can be ap-
proved. The Planning Deparl-
maent will not approve Inappro-
priate replacement windows,
even If they have already heen
purchasad or installed.
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The information listed below can assist an owner in
determining what replacement windows are appro-
priate for thelr property. If replacement Is necessary,
thoroughty document and investigale the structural
and architectural detaiting of the window and seek
appropriale professional consultation. At any time, a
Planner located at the Planning information Center
(PIC} can answer questicns regarding window
replacement. The PIC may also be reached by phone
at 415-558-6377. For more information, please also
review the How to Apply for a Wincow Replacemeant
Permit Handout & Checklist.

B0 | HEED A AUILDMNG PERMIT TO REPLACE WINDOWST

ALL replacement windows that are visible from &
street or other public right-of-way require Planning
Depariment review, This inclucles:

Windows on the primary elevalion (commonly
the street fagade of the building). Please note
that corner buildings are considered to have lwo
primary elevalions.

Windows on the side of a building or in a visible
recessed area near or next to the street.

Windows on a back wall that can be seen from the
straet or another public right-of-way.
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CAMN | HEPLACE HISTORIC WINDOWS WITH VINYL,

FIBERGLASS, OF ALUMINUM WINDOWS? CANT | GET
VINYL Of ALUMINUNM WIHDOWS THAT LOOK VIRTUALLY
THE SAME FROM THE STREET AS WOOD PAINTED
WINDOWS?

Wood windows were originally installed on the majority
of residantial buildings constructed up until World
War Il. In San Francisco, where most buildings are
viewed at close range from the street, the differences
between wood windows and substitute materials are
almost always easily defectable. Particularly with older
buildings, these alternale materlals usually stand out
visually, and rarely match the character of the neigh-
horhaod. They always lcok like what they are: plastic
or aluminum — materlals that are not archilecturally
compalible with the building.




Vinyl, fiberglass, and aluminum windows almost never
[ook similar to painted wood windows for a number

of reasons. The primary reason is that these windows
have a flal appearance and their exterior proliles,
depth, and dimensions are not designed to match the
dimensions of mest common wood window sashes
and moldings. In addition, windows cof substitute
materials hava very little or no reveal between the face
of Ihe sash and the gtass, have visible seams, have
multi-faceted tracks, and in some windows the upper
sash ts often larger than the lower sash. Furthermore,
mest aluminum or vinyl windows cannot be painted,
come In limited colors, and have an overall finish that
is inappropriate to the overall character of the building
and the neighborheod.

Another significant difference is thal viny!, fiberglass,
and aluminum windows often do not have an
important detail that is common on most older wood
windows: the Ogee (pronounced Ch-fee) lugs at

the bottom of the top sash (also called the meeting
rail) of a double-hung window. These detalls are
considered an important character-defining feature
of elder wood windows. (Please refer to the parts of
a window diagram on page 8 for more information on
the location and design of cgee lugs).

However, some manufacturers have recently bagun
producing betier quality aluminum windows that
come in a variety of colors and profiles, From a
'distance these windows can appear similar 1o wood
painted windows. If proposed, thase windows will be
evaluated on a case-by-case basis.

Need another reason? Authentic wood windows {or,
In the case of some early 20th century buildings, steel
casement windows) add the appearance of warmih
and beauty to the interior and exlerior of a residential
or commercial bullding, where the appearance of
alternative materials commonty appears forelgn to
the Intarior architectural design. Using architecturally
appropriale windows will enhance the property value
of your building by improving its appearance inside
and out.

It ol haye any doutits dabaul the ditfrance in appearance
batweer ylnyl, liberglass, or alumimuimn, and pabited wead
winelews, take a walk around your neighborhacd and notice
e Bulicings that have wood windews and compare them 1o
the onas (hat have used substiiute materdls {many of tham
installed without benefil of & parmit or befora the curmant
window replacament slanderds). You will smslly notice differ-
ances in the profila and depth of the window: The older ancd

‘miare alaborate tha architeciural sly of tha Bulliding, the

micire iely new vinyl, Sharglass, or ahumilnum windows will
Inck out of place,



EJ] DON'T WOOD WINDOWS COST MORE AND REQUIRE MORE

MAINTENANCE, AS OPPOSED TO VIMYL AND ALLUMINUM
WINDOWS?

It depends. The highest guality cuslorn-made wood
winclows by major manufaciurers may be more
expensive lhan windows of other materials. But there
are a number of manufacturers and local craftsmen
that produce quality, double-paned, architectural
grade, painted wood replacemant windows that are
competitive In price and also provide the beauty and
authenlicity that only comes with reai painted woaod
sashes and assemblies.

Also, while it is often desirable to have all wood
replacement windows in your building or house, in
many cases, you may choosa to use replacement
windows of a substitute material in light wells or

rear facades that are not visible from the street or
olher public right-of-ways. The only instance when

a property owner may be raquired to use historically
appropriate windows on all elevations is when the
subject property has been determined to have histeric
significance. Examples of these properties are those
identified as part of Article 10 or 11 of the Planning
Code or &s an eligible historic resource for the
purposes of the California Environmental Quatily Act
(CEQA).

In terms of maintenance, wood windows do recuire
painting every live to ten years, depending on

their location, sun exposurs, water exposure, paint
quality, priming, wood gualily, ete. Although vinyl and
aluminum windows do nct require painting, they are
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If you are required to use wood windows on
the visible slevations you are often able to use
replacement windows of a substitule materlal
In light wells or rear facades that are not visible
from the street or olher publlc rights-of-way.

rarely maintenance iree, and economy grade vinyl
and aluminum windows can fail within a few years.
Finishes on vinyl and aluminum can deleriorate
through UV exposure, oxidation, and denting. Quallly
wood windows can tast indefinitely, depending on
maintenance and the qualily of wood used. Double-
hung painted wood windows ¢an also be installed
wilhh metal or vinyl tracks, making them easier to open
and close as they age.

WHAT ABOUT WOOD WINDOWS THAT HAVE YINYL,
FIBERGLASS, OR ALUMINUM CLAD EXTERIORS?

For clarification, a ¢lad window is part of a window
system that is primarily constructed of weod but has
an additional material, such as aluminum, applied 1o
the exterior face for maintenance purposes. Generally,
clad windows are nol appropriate, especially on clder
residential ancl commercial propertles. However,

In some instances they may be acceptable, and

if proposed, shall ke reviewed on a case-by-case
basis. Most clad window products do not have Oges
fugs, which are an imporlant feature of older double-
hung weod windows. In addition, a true divided

light oplion ts not offered for clad windows by any
manufacturer, Another igsue with vinyl-clad window
systems is that they often show seams, as some of
these windows are clad with vinyl strips on the outer
surface. Aluminum and fiberglass finishes can come
in a variety of colors and often have a finish that mare
closely resembles a painted surface,

There are a number of windows constructed of
substitute materials on the market today that strive ta
maich the styles and profiles of histaric windows. The
Planning Department is always cpen to reviewing any
new products for compatibility with older properties. A
guick way to get a initial feedback on a new product
is to bring the manufaciurer's specification sheet to
the PIC for a planner to review, In some cases, the
Planning Department may consider approving clad
replacement windows hat are visible from the street
or other public rights-of-way if their architectural
compatibilily can be adequately demonstrated in
terms of overall, size, glazing, operation, finish,
exterior profiles, and arrangement.



SOME INFORMATION REGARDING SIMULATED
DIVIDED LITE (SDL) WINDOWS.,

Older windows are oflen made up of lwo sashes

that include smaller panes of glass. These windows
are referred to as "divided-lite windows.” The panes
of glass are separated by thin wood members, or
moldings referred to as a "muntin." A true divided-lite
{TDL) window Is delined when the muntin separates
individual panes of glass. Most 1D windows are
single-paned; however, a simulated divided-lite (SDL)
window often containg an Insulated unit of gtass with
an applied exterior grid that mimics the appearance
of a divided-lite window. The majority of simulatad
divided-lite windows do not accuraiely reflect the
depth and the profile of a true divided-lite window.

If a property owner chooses to use an SDL window Lo
replace a window that has true divided lites, then the
replacement window must meet all of the following
criteria to be considered for Planning Department
approval. Please note that the Planning Department
has the cliscretion to prehibit the use of SDL windows
when the existing windows o be replaced are
determined to be architecturally unique or considered
to be an example of outstanding craftsmanship. In
these cases, the Planning Department may ask for the
existing windows to be repaired rather than replaced.

Criteria for using SDL windows in place of TDL
windows:

The SDL must match the existing window muntin
in prolile and depth 1o the greatest extenl possible,
This width may vary; however, the most cormmon
width for a TDL window muntin is 7/8" including
glazing putly on either side of the division, The
SOL muntin must have a depth of at least 4",

There should be an interior space bar, preferably of
a dark color, within the insulated unit that visually
divides the interior and exterior grilles.

The SDL should be integral to the window sash
~snap on grilles or grilles placed between an
insulated glass unit are not permitted.

TOL window sk
w ¥ Tho differencns ibweon a
el R Lruses eliviclsch Nl (TOLY window
[ U ane @ aiernidated elivicoc-llghl
J} {BOLY window can be soan
|rs thsE Al isbintions al ket The
rraardin a0 Thn TEL sdnriow
{hoy BTG ) BRREAfALeS W
SDL window 4y I harduind prames |'|i.r|:- v il
Lher miumtin an the SO window
z {Baatiom imaga) o s)spdiod 1o
L te 1 bytiedon gl eedtagice of e
u"' L= -LL | wirdow wilhowl plescimg Hhe
L/ \_f' p- Iragbanel gleas Lmll.

Simuiated divided lite windows will not be approved
for individually listed Cily Landmaris In Article 10 of
the Planning Code on ANY elevation visihle from a
public right-of-way. Simulated divided [lite windows
will be reviewed on a case-by-case hasls for contribu-
tors within Article 10 Districts or within and Arlicle 11
Conservative District,

Bl WHY SHOULDY LOOK INTO REPALRING MY WINDOWS

BEFORAE REPLACING THEM?

Datericralion of poorly maintained windows usually
begins on horizontal surfaces and at joints, where
water can collect and saturate the wood. Weod
windows, when repairad and properly maintained,

will have an extended life while contribuling to the
architectural character of the building and the neigh-
borhood. Property owners should conduct regular
maintenance of window frames an¢ sasheas to achisve
the longest life passible.

It's important to note that many wood windows
constructed during the late 19th- and carly 20th-
cenluries still perform very well and may not require
replacement, This is largely due lo the fact that these
wincdows were constructed out of Heartwood or the
center of lree. This durable old-growth wood is denser
and more resistant to fungi, insects, and rot than
wood farmed to manufacture windows today, For

this reason always explore the possibility of repairing
the historic windows on a building before replacing
them. There are a number of professional window
replacement companies who can help you determine
if your windlows can be repaired, or if some or all need
to be replaced.



Be sure io svaluate ALL of the existing windows

of hire a professional o conduct a conditions
assessment to avoid spending money on windows
that don't need replacement. It may be that only
certain windows on your building need replacemant,
while some may only need repairs or other minor
refurbishments, thus significantly reducing costs. Cne
solution for replacing deteriorated windows on visible
elevations is to consoclidate other windows from lthe
rear and sides of the building that arc still in gocd
condition and relocate them to the primary fagade.

ENERGY CONSERVATION & SUSTAINABLILTY.

Windows don'l always require replacement In order
to see and feel big results in reducing energy usage;
however, energy conservation and sustainability is
one of the primary reasans for replacing windows
that are considered to be obsolete, particularly
replacing single-glazed sashes with double-glazed
sashes. Currently, most manufacturers’ warranties for

replacerment windows are from 2 to 10 years; however,

historic wood windows with minimal maintenance
have a performance life of 60 to 100 years. Retaining
and repairing existing windows also conserves
embodied cnergy (i.e. the sum of the energy requirad
to extract raw materials, manufacture, transport,

and install building products), Replacement window
matetials = primarily aluminum, vinyl, and glass
possess some of lhe highest levels of embodied
energy of all bullding materials.!

credit egual to 20% of qualillad rahabill
tatkon sxpancdilures on fneoms produc-
Ing proparies thil are certified histons

Clder windows are renewable and repairable;
however, newer thermal windows are not repairable
and once the dual glazing seals are broken, they must
be totally replaced. While the advantages of double-
paned windows are well known, a prop-erly weather-
stripped, single-glazed sash window can greatly
reduce or eliminate air, noise and air infiltration {where
maost energy 1s lost). The cost of weather stripping is
nominal when campared to the price of replacement
wingows.
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E ™Y WINDOWS ARE BEVOND REPAIR AND NEED TO BE

AEPLACED, WHAT TYPE OF WINDOW 15 ACCEPTABLE FOR
MY PROPERTY?

If replacement windows are required dus to
deterioration, those that are visible from the sfreet or
other public rights-of-way should be replaced with
windows that are appropriate to the time period your
building was criginally constructed. For example, if the
building was originally consiructed in 1908 with weod
double-hung windows, then they should be replaced
with wood double-hung windows with gsimilar exterior
dimensions. I the appropriate window lype cannct
be determined, then a window that is otherwise archi-
teclurally appropriate to the building and surrounding
neighborhood character, in terms of style, material,
visual quality, and detailing can be considered. For
example, if the building was originally constructed

in 1925 andl currently has vinyl sliding windows but
similar neighboring bulldings frem the same time
period have their original steel casement windows,
then the appropriate replacement window would be a
metal casement window.

WHAT |B THE IMPORTANCE OF BRICK MOLDS AND OTHER
EATERIOR MILLWORK?Y

A brick mold is the exterior melding often used to
irim the edge of windows In a masenry opening.

On awood frame building this window detail is
referred to as millwork, A common practice when
instaiiing repiacement windows is to replace only the
sashes and cover the lrim and frameworlk around
the exterior of the window with capping or panning

to give the window a cleaner, "updated" look. This
panning, whether vinyl, fiberglass, or aluminum, is
used to cover over brick molds and other exterlor
mitiwork that frame the opening and makes up part
of the exterior profite of the windows. The Planning
Department will nol approve replacement windows
where those elements are covered ¢r obscured from
view. Wherever possible, all surrounding millwork or
Brick molds should be retained and leff exposed.
When replacement is required due to deterioration or
missing elements, these eleiments should be replaced

in the criginal material, and a profite of the existing
and proposed millwork shouid be included as part of
the permit application drawings for review by Planning
Deparlment stalf.

Mixing window types and materials creates anincon-
shstont nppeatance o a bullding's fcades. This lssus
bacomes particuliarly Important in dealing witl condo:
b anel specneent buddiags, i genaral, (he Panniog
Daparimant wil nat spprove panial window replacament
far i bullding unless the (eplocemant windows are mesnt
1 pis e tha wirsdows o e Historic conllguration,

— Head

- Glazing

H\_ e Muntin
ﬁjﬂ Ogee
= Jamb

\ Casing

- Rail
Siff

T axonemairie drawlng of a wood vandoy above dantllies
o [ELLLT of m wanclow aymlorm thal maost i fifdulol
Teumiiiir walth wivary applying lor o wiodow mplncament pacmll,



1 WHO ARE SOME WINDOW MANUFACTURERS THAT
SPECIALIZE IN HIBTORIC OR OTHER ARGCHITECTURAL
GRADE FEPLACEMENT WINDOWS?

As a city agency, the Planning Department cannol
recommend the use of cne manufacturer over
anolher; however, a list of some commanly used
window manufacturers or represenlatives can be
obtained from the Planning Information Center (PIC)
on the first-floor of 1660 Mission Street. The PIC may
also be reached by phone at 415-558-6377,

If your building is protected uncler Article 10 or 11 of
the Planning Code or is deemed an eligible historlc
resourcs, please contact the PIC for a list of the
organizaticns that may help you find a product or
manufacturer that besl sulls your needs.

WHAT SHOULD | PO FIRST IF ) NEED TO REPLACE MY
WINDOWST

If replacement is necessary, tharoughly document and
investigate the slructural and architectural detailing of
the window and seel appropriate professicnal consul-
tation. Please refer to the following questions every
applicant should review before applying lor a permil
to replace windows, At any tima, a Planner located

at the Planning Information Cenler (PIC) can answer
additional questions regarding these standards and
window replacement. The PiC may also be reached
by phone at 415-558-6377.

* What ia the patlern of window openings and their size?
(D resgualess, Flagjuan)

» What are the proporlions of the frame and the lype of
sash operalion?
(Double4Hury, Casemeant, Pivol Shido, Hoppaer)

* What Is the confliguration of the windowpanas?
{2-over-2) d-ovar-1, B-ovee6)
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APPLYING FOR A WINDOW REPLACEMENT
PERMIT.

When applying for a window replacement permit,
please bring as many of the applicable items on lhe
How to Apply for a Window Replacemant Permit as
possible in order to ensure the most efficient review
possible. There are a number of basic guastions that
a property-cwner can answer when axamining the
windows propesed for window replacement.

MANY OF THE BUILDINGS [N MY NEIGHBORHCOD
ALREADY HAVE VINYL, ALUMINUN, OR FIRBERGLASS
WIHDOWS. WHY CAN'T | HAVE SIMILAR WINDOWS
APPROVED FOR MY BUlLDINGT

There may be a number of reasons why a Planner
may net approve vinyl, aluminum, or liberglass
windows for your building. The most common reason
is that the windows in your own building and in
adjacent buildings may have been installed befcre
the revision of the Residential Design Cuidelines in
2003 and the preparation of this document, Window
Replacement Standards, August 2008. As the
Planning Department sirives t¢ promote and enhance
neighborhood character citywide, the Department
acknowledges that windows may be inconsistent wilh
the architectural features and the criginal design intent
of older structures. In addition, Itis possible that the

What (if any) are the muntin profiles?
(Shallow, Deep, Simsle, Cinate)

What Is the material?
(Waood, Stael, Vinyl, Aluminim, Fiberglass)

What are the charactoristics of the glnss?
(Dacoralive, Weayy, Clear, Opacua, Translucen!, Laeaded)

Ars thers any nasociated detnila?
{Decorative miflwark, Brick Mobds, Arched Tops, Window Sur-
rounds or Hoods)



windows installed on adjacent buildings were done
without the benefit of a permit or contrary to the scope
of work outlined in the building permit.

THE PLANNER SAID THAT | HAVE TO REPLAGE MY
WINDOWS "IN-KIND." WHAT DOES THAT MEANT?

If a Planner has stated that you should replace your
windows “in-kingd" this means that a wood double-
hung window should be replaced wilh a wood double-
hung window or a metal casement window should be
replaced with a metal casemeant window. All details
must match, including muntin profiles and exterior
millwork. Please note that replacing a double-hung
wood window with a double-hung vinyl window is not
"in-kind" replacement.

HOW LOMG WILL IT TAKE THE PLANNING DEPARTMENT TO
AEVIEW MY PERMIT?

If windows are being replaced in-kind or on non-
visible elevations and all ihe required materials for
review are submitted, an over-the-counter approval
can be issued at the Planning Information Center.

If the wincdows are visible from the street and the
new windows are consistent with the building's
historic window type or compaltible with the
buflding and neighterhood character, planning
approval will be over-the-counter at the Planning
Information Center. Please note that in some
instances window replacement on an Article 10
or Article 11 property must be approved by the
Historic Preservation Commission or the Zoning
Administrator.

[f Installing a new window on a portion of the
building that is visible from the street is desired,
and the plans and photos are adequate, a Blanner
will determine right away if the permit can be
approved, or if it will reguire further design review.

In some situations such as window replacement
on a histeric building, further review may be
required. The window replacement permit
application will be reviewed at the Planning
Information Center and may be referred upstairs to
a Preservation Technical Specialist lor review,



How to Apply for a
Winclow Replacement Permil

The Planning Department reviews each
window permit application on a case-
by-case basis. The following is a list of
informaticn that may be required to process
an applicalion to replace windows. Please
note that buildings listed as City Landmarks
or as contributors to a historic district as pait
of Article 10 of the Planning Code require

a Cerlificate of Appropriateness for any
exterior worlk. In addition, buildings listed
under Article 11 of the Planning Code must
also be reviewed for historic architectural
compatibility by the Zoning Administrator.
Either approval must be obtained before the
building permit is issued. Please nole that in
some instances Planning Department staff
L XU T - ' may request additional information.

AL PIRARE A
PLARMFLIRAE DREPAR TV



Where original or historic windows exist and
replacement is proposed, please submit the
information on the following checklist for review:

Photographs of the overall building taken

from the curb and streetscape photos of the
immecliate block. Also, include close-up pholos
of the different types of windows to be replaced,
including any millwork or brick molds between
windows and surrounding the window openings.

A slte plan or a clear aerial pholograph showing
your building and the walls of your neighbor's
buliding on each side of you as well ag overall
phectos of each elevation where the proposed
window replacement is to occur.

Please provide window details for the proposed
windows (head, jamb, meeting rail, sill, stc.} with
dimensions and showing exterior profiles including
brick molds and surrounding exterior miliwork. The
Planning Department needs to know the materials,
size, and appearance of both the exisling and

the replacement windows, Tha manufacturer's
product sheet may have this information for the
new windows. Please note that if historic windows
are to be reptaced then the replacement windows
should mateh the exisling windows in overall, size,
glazing, operation, material, finish, exterior profiles
and arrangement.

If the existing windows have divisions (muntins)
they may be replaced with either true divided light
or simulated divided light (SDL) windows provided
that the replacement windows match the historic
size, glazing, operation, finish, exterior profiles
and arrangement and the SDL windows meet the
additlonal requirements listed in this document.

If proposing to replace or change tha profile of
axterior millwork or brick mold, please submit
details of the existing and proposed new millwork
or brick molds with dimensions.

When the original or historic windows no longer
exist, the owner has the opticn of retaining the
existing window or replacing it with a compatible
sash. For window replacement, please submit
the Information above for review, the following:

I Phaolographs of the neighboring buildings and their
windows on each side of your building

I Phaotograpihs of the neighbering buildings and their
windows immediately across the street

For corner lots, bring photos of the subject
building and the buitding's other three intersec-
tions, showing their windows closest to each
Corner.

Profect Site
Neighboring
Buildings




A QUICK SUMMARY:

A permit Is needed to replace windows regardless
of their location on the building.

Fallure to obtain a building permit may resull
in enforcement, tines and removal of windows
installed without the benefil of permit,

The Planning Department must review all
permits for windows proposed for replacement
that are visible from the street for architectural
compatibility,

The Planning Department review applies to
all bulidings In $San Francisco, not just historic
buildings.

The Planning Department will not approve
windows if it Is determined that they are not archi-
tecturally appropriate, even if they have already
been purchased and/or installed without benefit of
a permit.

Survey ali of the windows ¢n your buildings to
cletermine which ones actually need replacement.

Windows on eastern and northern facades often
last longer and need less frequent replacement
than windows with southern or western exposure.

FLAMMING DET'AITTVIENT

The Residential Design Guidelines, since their
revision in 2003, have set requirements for
winclows for all buildings within residential zoning
districts (& 46).

If the historic window lype cannot be determined,
a window type appropriate to the building's
architectural period and siyle should be used.

A Preservation Technical Specialist can help in
determining an appropriate winclow type.

Please refer to pages 44-46 of the Residential
Design Guidelines for more information on deter-
mining what lypes of windows are compatible with
the architectural character of the building,

. Where visible from the sfreet, aluminum and vinyl

windows cannot be approved as replacements for
windows that were originally wood.,

The proposed use of Simulated Divided Lites
(SDLs) will be reviewed on a case-by-case
basig ancl must meet the criteria identiled in this
document.

Replacement wood windows that have vinyl,
fiberglass, ar aluminum clad exteriors will also be
reviewad on a case-by-case basis.

- The underlying trim and millwork must ke lelt

axposed and be repaired in place. If beyond repair,
the trim and millwork must be replaced in kingl.
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FOR MORE INFORMATION:
Call o vinll the San Francinco Planoing Deparlment

Central Reception Planning Information Center {PIC)
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Cambridge Historical Commission

Guidelines for Preservation and Replacement of Historic Wood Windows in Cambridge®

Introduction

A primary objective of the Cambridge Historical Commission Is to ensure the preservation and
protection of the distinct characteristics of historic buildings and places throughout the city. Historic
waood windows are consldered to be one of these distinct characteristics. The Hlistorical Commission
believes that the protection of historic wood windows not only preserves an irreplaceable resource, but
is also cost-effectlve to the homeowner and environmentally responsible. The following guidelines are
intended to inform Cambridge property owners on the benefits of wood window restoratlon, and to
guide property owners of locally-designated buildings and commisslon members in evaluating the
appropriateness of window replacement,

The Cambridge Historical Commission and the city’s neighborhood conservation district commissions
have varying degrees of furlsdiction over window replacement within the boundaries of their designated
districts (see http://www.cambridgema.goy/ Historic/ meetingsprocess.html for a description of the
districts). In general, commissions have jurisdiction over all "exterior architectural features” of
buildings, and no building permit may be issued for work in an historic or neighborhood conservation
district until a commission has issued a Certificate of Appropriateness, Nonapplicability, or Hardship.” A
Certificate of Appropriateness will be issued when the commission determines that the work is not
incongruous to the character of the building or district; a Certlficate of Hardshlp will be Issued if the
applicant demonstrates hardship, financlal or otherwlse, and the proposed work will not have an
adverse effect on the district; and a Certificate of Nonapplicabllity wlll be issued if the work is judged to
be not within the jurisdiction of the commission, or not visible from a public way.®

Why Preserve Historlc Wood Windows?

Windows are an essential component of bulldings, both as a means for light, ventilation, and visibility,
and as an architectural feature. By providing scale, profile, and composition to a facade, windows are
often one of the most important character-defining features of a structure. Federal preservation
guidelines advise that "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.”* Today's busy homeowner is often led to helleve that old

*These guidelines primarily pertaln to the ane-, two- and three-family homes that characterize the city’s
residential districts. Different standards may apply for apartment houses and commercial and Industrlal bulldings.
* The Massachusetts historic district statute defines “exterlor architectural features” as “such portlan of the
exterior of abuilding or structure as is open to view from a public street, public way, public park or public body of
water, including but not limited to the architectural style and general arrangement and setting thereof, the kind,
color and texture of exterior building materials, the color of paint or other materials applled to exterior surfaces
and the type and style of windows, daors, lights, signs and other appurtenant exterior fixtures; (M.G.L. Ch. 40c,
Sec. 5).

*The statute defines the scope of the a commission’s review: “In passing upon matters before it the commission
shall consider, among other things, the historic and architectural value and significance of the site, building or
structure, the general design, arrangement, texture, material and color of the features involved, and the relation
of such features to similar features of buitdings and structures in the surrounding area” (M.G.L. Ch. 40C, Sec. 7).

. Myers, John. “Preservation Brief 9: The Repair of Historic Wooden Windows.” Technical Preservation Services,
U.S. Department of the Interior (1981} (http://www.nps gov/history/hps/tps/briefs/brief09.htm)
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windows cannot be repaired, and that they are inconvenient, high malntenance, inefficient, and
ultimately replaceable. Historic wood windows were built to last, however, and some are still in service
after two centuries or more.

A Brief History

Moveable wood sash windows date back to the early 1700s. Early sash construction technigques evolved
into an intricate combination of molded wooden members ("muntins”) to hold panes of glass. Early
wood sash windows were marked by thick muntins and small panes, or lights, due to the high price of
glass. As glass technology improved and prices decreased, lights became larger and muntins became
thinner.

By the late eighteenth century, dimensions of windows were standardized according to the sizes of glass
imported from Britaln.® The principal window type of this era was the double-hung sash, which Is
commonly found today in Cambridge’s older hulldings. Sash construction remained a complex process,
and windows were milled from old-growth lumber that is denser than the wood available today — one
reason for the longevity of these windows.

Historically, the character and configuration of window sash have been essential to the style of a
building. Nineteenth century muntin profiles and sash designs changed with evolving architectural
styles, demonstrating deliberate deslgn choices and skilled craftsmanship. Window glass manufactured
before the mid-1920s exhibits wavy patterns and defects that are an Important characteristic of older
buildings. Historic windows are detailed differently than modern windows, and their old glass provides
a markedly different pattern of reflection from modern glass. Preserving the sometimes subtle
distinctions between modern and historic sash s critical to maintaining the historic character of a
building.

Consider Restoration before Replacement

The staff of the Cambridge Historical Commission receives proposals for and inguiries about window
replacement on a regular basis, a reflection of the rapid growth of the window replacement industry.
Property owners are sometimes reluctant to hear the case for restoring historic wood windows opposed
to their replacement, The benefits of window restoration can be summed up under three categories:
Sustainabhility, Energy-Efficiency, and Historic Character.

Sustainability

An important facet of preserving historic buildings Is the retention of original components. Like most
structural elements of older, wood-framed buildings, historic wood windows were milled from old-
growth lumber that can last centuries, even when not properly maintained. Their sustainability is
complemented by the fact they were carefully constructed with mortise and tenon joinery to fit tight
Into the window openings of a house with extreme care and craftsmanship. Mass-produced wood
replacement windows are typlcally constructed of new-growth lumber, often with glued-together finger

* There are local window companies that manufacture a “Boston Pattern” sash based on these eighteenth-century
standards, which will fit nearly any window opening in Cambrldge. “New York” pattern windows sold in western
and southern New England are slightly different. .
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joints and are highly susceptible to rot. The preservation of an old window maintains an irreplaceable,
sustainable resource.

In addition to craftsmanship and the durability of the wood, historic wood windows are also sustainable
in that they are easily repairable. With the abundance of allegedly “maintenance-free” replacement
window options on the market today, it's not surprising that property owners are often Inclined to do
away with old wood windows. “Maintenance-free,” however, Is a misleading ¢claim. Any praduct that Is
in constant operation and is susceptible to seascnal fluctuations and weathering will need maintenance.
Replacement windows typically have plastic and metal parts that become outmoded over time, making
them difficult (if not impossible) to repair. Vinyl windows are prone to denting, warping and fading in
high temperatures.® In most cases, wood replacement sash have aluminum or vinyl exterior cladding
meant to protect the wood as an alternative to storm windows. However, if moisture finds its way in,
through weep holes or other infiltration sources, the new-growth lumber shielded heneath the cladding
can quickly rot.”

Another major claim of the window replacement industry Is insulating glass. Insulating glass involves
two panes of glass with an Inert gas sealed in the space between them; these windows are called
“double-glazed.” Thelr deslgn, however, does not lend to sustainability. Windows with insulating glass
come with only a 15 to 20 year warranty; when the sealant fails, the window will lese its Insulating
quality, the glass will fog, and the entire window may have to be rmolao:;ed.3 Historic wood windows with
a single pane of glass can be repaired with tools found at a local hardware store and will last up to 10
times longer than a replacement model. Homeowners should be aware that the payback perlod for
restoring wood windows and installing quality storm windows Is significantly less than instalfing
replacement windows. In sum, the term “replacement window” means just what it says — it will have to
be replaced again and again.

As global warming and related “green” issues are in the headlines, recycling and sustainability are
important terms. Window restoration incorporates both of these concepts. Restoration of existing
wood windows reduces both landfill waste and the production of the'energy-consuming, synthetic
materlals found in many replacement windows. Hiring a local window restoration specialist to work on
your windows also helps sustain local economles as fabor intensive, opposed to materials intensive,
concept.

Energy-Efficiency

Much like sustalnakility, energy efficiency is an important factar in the “green” discussion, and is often
the primary reason homeowners look to replace their windows. The generally erroneous notlon is that
older wood windows are not as energy efficient as today's double-glazed replacement models,
However, window replacement companies will often compare their product to an unrestored wood
window with little or no weatherstripping and a pcor {or no) storm window. With proper repair and

.6 Paul Fisette, “Understanding Energy-Efficient Windows,” Fing Homebuilding 114 (1998): 68-73

" See for example, class actlon suit brought against Pella Windows in February 2008 from homeowners who
alleged that thelr Proline aluminum-clad wood replacement windows had design flaws that allowed water
penetration beneath the exterior cladding, causing premature rotting in the sash.
http:/fwww.freedweiss.com/investlgations pella.htm

¥ Walter Sedovic and Jill H. Gotthelf, “What Replacement Windows Can’t Replace: The Real Cost of Removing
Historlc Windows,"” APT Bulfletin: Journal of Preservation Technology 36:4 (2005): 25-29
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maintenance, coupled with weather stripping and a quality storm window, o single-glazed historic wood
window will have a comparable leve! of energy efficiency to that of o double-glazed replacement
window. Industry guidelines Indicate that the addition of a storm window to an existing single-glazed
window wlill reduce the energy loss through the window area by approximately 50%.” As replacement
window manufacturers will attest, the hest insulation on a small scale is dead air space. The exira dead
air space created with a sealed storm window (typically 2”) means mare Insulation and increased energy
efficiency. Replacement window dead air space between the double-glazing is only 1/16 to 1/32 of an
inch.

it Is Important to note that infiltration of alr, rather than heat loss through the glass, Is the principal
culprlt affecting energy efficiency; it can account for as much as 50% of the total heat loss of a bullding."
Moreover, most of the heat loss In an old house occurs in areas other than windows. Insulation in
walls, attics, and between floors, and weather stripping around doors will help prevent loss of heat.'
Replacement window manufacturers also often misquote U-values as the value through the center of
the glass (the location of the best U-value) and not for the entire unit.’* A U-value Is a rating of energy
efficlency for all the combined components of a window or door — the lower the U-value, the greater the
efficiency. An optional feature of replacement windows is “low-e” (low emissivity) glass, a
microscopically thin, virtually invisible, metal or metallic oxlde layer deposited directly on the surface of
one or more of the panes of glass. The low-e coating reduces the infrared radiation from a warm pane of
glass to a cooler pane, thereby lowering the U-factor of the window. The same effect can be achleved
with low-e storm windows and/or energy-saving window film that can be applied directly to single-
glazed windows.

Histarfc Character

A third reason to restore existing wood windows is the retention of character-defining features of
historic wood windows that are nearly impossible to duplicate with double-glazed replacement
windows. As mentioned earller, the muntin profiles and old glass in wood windows are distinct
characteristics of a historic fagade. Replacement windows or sash rarely have the same detalls. The
traditlonal 4" or 5/8” exterior muntin with a putty bead Is difficult to reproduce In an insulated glass,
true divided light window, and is extremely costly. Many wood replacement windows have a muntin at
least 7/8” wide with an inapproprlate moulded profile affixed to the glass and not actually holding
individual panes of glass {referred to as a “simulated divided light” to simulate a true divided light
profile). Cheaper models, typically vinyl or aluminum windows, feature removable grilles or grilles
hetween the glass, providing no profile, depth, or shadow lines. Some replacement windows will
decrease the glazed opening by as much as 3" in width, with a significant loss of light and alteratlon of
the appearance.

? several studies reveal comparable energy savings between a restored single-glazed wood window/storm
combination and a double-glazed replacement window. See Bill Mattinson, et. al., “What Should | Do About My
Windows?”’ Home Energy 19/4 (2002); Noelle Lord, “Embracing Energy Efficlency,” Old House Journal
{September/October 2007); Andrew Shapiro and Brad lames, “Creating Windows of Energy-Saving Opportunity,”
Home Energy Magazine Online {(September/October 19973,
http://hemeenergy.orp/archive/hem.dis.anl.gov/eehemn/97/970908 hitml,

® sedovic and Gotthelf, 27.

" The U.S. Department of Energy has detaifed Information on alr infiltration and other energy-loss related issues at
http:/fwwwl.eere.energy.gov/consumer/tips/air leaks.html

2 gedovic and Gotthelf, 27.
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Replacement windows wlll also often require a change in a window’s rough opening because these
products are based on national standards and do not match “Boston Pattern” dimensions —~window sash
sizes that have been standard in the Boston area since the 18th century, This will invelve an increase in
vinyl or aluminum framing members to hold the replacement window properly, detracting from the
historic character of a building. Custom sizing will add to the expense of replacement windows,

Itis often argued that storm windows have a negative impact on the historic character of wood
windows. Animportant point to consider is that storm windows have been used for over 100 years.
Although aluminum storm windows do not replicate the appearance of wood starms, they are allowed
without review in historic districts and neighborhood conservation districts and are always preferred to
window replacement unless the windows themselves are judged not significant. Storm windows are a
fully-reversitle aiteration that protect the original fabric of the bullding and can make the window
assembly as energy-efficlent as replacement windows. For optimal results, the storm windows meeting
rails should correspond to the position of the existing meeting rails of the sash and match In color.*
Contact the Historical Commission for appropriate models,

When is Replacement Acceptable?

In some cases, an old wood sash may be beyond repair and need to be replaced. In such a situation,
replacing the historic, single-glazed wood sash with a single-glazed reproduction wood sash Is the
preferred option. [t is impertant that the new sash have the same number of lights (unless the existing
sash are themselves inappropriate replacements — contact the Historical Commission for advice).
Coupled with a quality storm window, this solutlon satisfies much of the raticnale for restoratlon llsted
ahove. The staff of the Historical Commisslon has compiled a list of window manufacturers that
produce single-glazed, true divided light windows. Local manufacturers such as Brosco and Bosten Sash
& Millwork feature a line of Boston Pattern wood sash. Several other manufacturers produce custom
wood sash that are authentic reproductions of historic sash.

If a double-glazed replacement window Is the only option, Commissions will generally conslder how the
proposal will impact the historic character of a building; namely how closely the replacements match the
originals in pattern, details, materials and finishes as closely as practicable. Dimensions and profiles of
casings, sills, jambs, meeting rails and muntins are all subject to review. Some manufacturers have been
able to produce double-glazed wood windows with muntin profiles that are a closer match to those
found on single-glazed sash; contact the Historical Commisslon for recommended models. Although
there have been advances in recreating the detalls of historic windows, the sustainabillty and energy
efficlency issues are still highly debatable. However, there are replacement models of higher quality
than others. Replacing a pre-existing replacement window with an in-kind replacement window is
typically reviewed and approved at the staff level, as well as windows that are not visible from a public
way.

It is essential to distinguish between “windows” and “sash,” especially when discussing their potential
replacement. “Replacing a window"” means removing the entire window, Including the sash, the jambs,
the interior and exterior casings, and the sill, and installing an entirely new unit. This is often
problematical because the casings will almost inevitably have different dimensions from the original,

2 nterior storm windows or energy panels are a secondary option, but can damage casings and sills and cause
condensation on the Interlor face of the sash, Moreover, the exterior face of the sash is not protected from the
elements.
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leaving gaps agalnst both exterior and interior flnishes. Unless specially ordered, modern windows will
have a different configuration of casings, stops, and screens, dimensionally-thinner sills and casings, and
will sometimes accupy a different ptane In the wall.

“Replacing a sash” means replacing the moveable parts of a window, leaving the casings, Jambs and sill
intact. There are two approaches to replacing sash:

e Replacing the sash and halances only. Locally-made Boston Pattern sash fit window openings
from all pericds. Sash can be replaced with new spring balances that eliminate sash weights and
allow welght pockets to be filled with insulation. This operation may have little or no effect on
the exterlor architectural character of the house.

¢ Replacing the sash with a new window, within the existing jambs. Some manufacturers offer
replacement windows containing both sash and jambs that are made to fit within the existing
jambs. This may seem like an attractive alternative, but the additional wiath of the extra Jambs
and balances introduces new visual elements and can significantly reduce the size of the glazing.

What about Lead Paint?

Lead paint was banned by the federal government in 1978 to reduce the risk of lead polsoning in
children. In older homes, windows, in particutar, may contain lead paint. The repeated use and
operation of the window sash may Increase the likelihood of paint chipping and the creation of lead
dust. Property owners are often concerned that the presence of lead paint on windows may require
immediate replacement of the windows, Although it is not uncommon to find lead paint on historic
wood windows, lead abatement can be achieved without posing serlous health hazards. A licensed rlslk
assessor can confirm the presence and focation of lead paint and a licensed lead abatement contractor
should be able to stabilize and treat it approprlately. Homeowners need to be aware that certain
methods of lead paint removal, including electric sanding without proper fliter vacuums and the use of
heat guns, are illegal, This is especially critical when hiring a palnt contractor or window restoration
specialist to worl on site, as these methods can produce dust and are considered a potential health
hazard far the worker(s), hut more importantly, for children under the age of six. With proper
precautions and safety measures, however, historic wood windows with lead paint can be remedied,

[n legal terms, the Code of Massachusetts Regulations directs a property owner to fully comply with
State lead abatement procedures when a child under six years old resides in a house or bullding where
lead paint is identified by a certified lead inspector.’” The regulations do not require the immediate
remaoval of windows or window sash containing lead palnt, but rather careful and thoreugh abatement.
Special consideration is given to bulidings on the State Register of Historlc Places, recommending offsite
stripping and reinstallation of any components containing lead paint and advising against permanent
removal of “historic architectural features” such as wood sash.® The abatement method, either
through stripping of the lead paint or replacing the sash, is ultimately at the discretion of the
homeowner.

For more Information on lead abatement In Cambridge, contact Lead Safe Cambridge at (617) 349-5323,

Contact the Historical Commission

" See CMR 460.000, “Lead Poisoning Prevention and Control” from the Department of Public Health.
15
Ibid.
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If you are a Cambridge resident and live in a historic or neighborhood conservation district or own an
otherwise deslgnated property and are thinking about replacing your windows, contact the staff of
Historlcal Commission at 617.349.4683 or histneds@cambridegema.gov. The staff keeps a running list of
local window restoration contractors that is available to the public, as well as window companles that
manufacture single-glazed replacement models. For residents outside of the districts, the staff is happy
to provide technical assistance regarding window restoration or replacement,
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HISTORIC WINDOWS — RESOURCES AND LINKS

Federal Sites

National Park Service
http.//www.nps.gov/index.htm {search windows)

National Park Service, National Center for Preservation
http://ncptt.nps.gov (search windows)

Secretary of the Interior’s Standards
http://www.nps.gov/history/hps/tps/tax/guidance. htm
http://www.nps.gov/history/hps/tps/tax/incentives/avoiding_1.htm
http://www.nps.gov/history/hps/tps/

National Park Service Preservation Briefs
http://www.nps.gov/history/bps/tps/briefs/presbhom.htm

U.S Department of Energy
hitp://appsl.eere.energy. gov/bmldmgs/pubIlLdLmns/pdfs/bmIdmg america/historic homes guide.pdf

National Sites

Mational Trust for Historic Preservation
http://www.preservatlonnation.org/resources/homeowners/
http://www . preservationnation.org/issues/sustainability/

Alliance of Preservation Commissions
http://www.uga.edu/napc/programs/napc/publications.htm

Assoclatlon of Preservation Technology International
http://www.apti.org/publications/bulletin-index.cfm (search windows)

State Sites

Missouri SHPO
http:/fwww.dnr.mo.gov/shpo/links. him

Kansas SHPO
http://www.lshs.org/portal shpo (search windows)

California State Parks
http://www.ohp.parks.ca.gov (sustainability)

Preservation North Caroilna
http://www.presnc.org/Preservation-Answers/Historic-Windows-Resource-Page




International Sites

Northern Ireland
http://www.ni-environment.gov.uk (search windows)

Heritage Canada Foundation
http://www.heritagecanada.org/eng/news/archived/spring2006/windows. html
http://www.heritagecanada.crg/eng/news/archived/summer2006/windows.html
http://www.heritagecanada.org/eng/news/archived/spring2007/thermal.html

Scotland
htip://www.historic-scotland.gov.ul¢/geu-technical- thermal-efficiency-traditional-windows.pdf
http://www.historic-scotland.gov.uk/caring-for-your-sash-case.pdf

City Sites

Denver, CO
http://denvergov.org/Preservation/DesignReviewCertificateofAppropriateness/Applicationmaterials/tab

Albany, OR
http://www.cityoTalbany.net/comdev/historic/

San Francisco, CA
http://www.sf-planning.org/index.aspx?page=1825

Cambridge, MA
http://www2.cambrideema.gov/Historic/windowglines final.pdf

Phoenix, AZ
http://phoenix.gov/HISTORIC/hprehah. htmliftechnical

Boulder, CO
http://fwww.bouldercolorado.gov/index.php?option=com caontent&tasle=view&id=20338&temid=1862

Technical Papers

Saving Energy In Histaric Buildings: Balancing Efficiency and Value
http://www.apti.org/publications/Cluver-Randall-41-1. pdf

What Replacement Windows Can’t Replace: The Real Cost of Remaving Historic Windows
http://ohp.parks.ca.gov/pages/1054/files/replacement windows%20sedovic%20gotthelf. pdf

The Effects of Energy Efficiency Treatments on Historic Windows
http://www.conservationcenter.org/assets/EffectsEnergyonHistoricWindows. pdf

Testing the Energy Performance of Wood Windows in Cold Climates



http://www.ncptt.nps.gov/2008/testing-the-energy-performance-of-wood-windows-in-cold-climates-a-
report-to-the-state-of-vermont-divisian-for-historic-preservation-agency-of-commerce-and-community-
development-1996-08/

Research into the Thermal Performance of Traditional Windows: Timber Sash Windows
http://www english-heritage.orpg.uk/professional/research/buildings/energy-efficiency/thermal-
performance-of-traditional-windows/

Media and Video Links

http.//www.kshs.org/p/window-repair-videgs/14680
hitp://www.presnc.org/Preservation-Answers/Historic-Windows-Resource-Page

Old House Journal
hitp://www.oldhousejournal.com/npsbriefs2 /brief09.shiml
http://oldhousejournal.com/Sash Window Clinic/magazine/1078

Traditional Building
http://www.period-homes.com/Newsletter/SPRAPRIL 9 09 NEWSLETTER.html
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