have any weather-stripping, the glazing is deteriorated, and in many locations the windows
are leaking water during wet weather. The existing window assemblies have reached the
end of their expected useful life and should be replaced with new energy efficient
units...The estimated annual payback is expected to be 15 years.®
The windows were specified to be replaced with aluminum units, fitted with tinted, double-glazed
insulating 74" glass, at an estimated cost of $2.6M.” The university has not implemented this plan,
and in fact, recently hired a preservation-focused architecture firm, ARCHITEXAS to undertake an
exterior envelope feasibility study for the entire Main Building, including an evaluation of the
windows of the Tower.

In October of 2009, ARCHITEXAS conducted their assessment, and while noting the
pervasive loss of protective coatings and rust, determined the windows to be “very restorable,” in
contrast to VFA’s recommendation for replacement, and quoted a similar cost for restoration to
VFA’s estimate for replacement.'® ARCHITEXAS also employed an independent agency to conduct
testing for the presence of lead and asbestos, finding that lead-based paint exists generally on all
metal components of the building except the bronze bells and structural steel bell frame.'" Testing
also determined that the glazing sealants at doors and windows and the perimeter window-to-stone
sealants contain asbestos, which would require abatement if disturbed.'

The conflicting assessments of the Tower windows’ operability and potential for repair
illustrate the differing perspectives owners or contractors may bring to the table. VFA likely arrived
at their recommendation based upon the application of a formula where windows nearing 75 years
of age equate to windows beyond their service life. However, historic materials are very durable,

usually offering longer life spans than their contemporary replacements. The Secretary of the

Interior’s Standards do not recommend replacing windows “solely because of peeling paint, broken

8 1bid., 1022; The determination that the windows are difficult to operate conflicted with my own assessment. The supporting
data for analysis of the payback period was not provided by VFA.

? Ibid., 1023.

' ARCHITEXAS, Exterior Envelope Feasibility Study, October 2009, 3.

'" ARCHITEXAS, 4.

2 ARCHITEXAS, 4.
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glass, stuck sash, and high air infiltration. These conditions, in themselves, are no indication that
windows are beyond repair.”"” Except for cases of extreme neglect, windows are rarely in a non-
repairable condition; the issue is more often whether or not the windows can be repaired

economically, and if the repaired windows can provide the desired level of energy performance.

13 “Secretary of the Interior’s Standards for Rehabilitation & Illustrated Guidelines for Rehabilitating Historic Buildings—
Windows,” National Park Service Technical Preservation Services. Available from:
http://www.nps.gov/hps/TPS/tax/rhb/windows01.htm.
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Chapter Five: Windows, Sustainability, and Energy Performance

The potential partnership between preservation and sustainability has received a great deal
of attention in the past few years, as preservationists strive to illustrate the importance of the
embodied energy saved in reusing historic buildings, and that historic buildings can be energy-
efficient in everyday operations as well. The cover of the March/April 2010 issue of the National
Trust's magazine, Preservation, screams, “Old is the New Green!” One of the issue’s articles
highlights the recent energy-efficiency focused restoration of the Empire State Building and another
discusses the idea of “tension” between green architecture and historic preservation, but concludes
that the two fields are “natural allies.”’

In reality, some tension must be acknowledged. Many advocates of green building do not
share an appreciation for historic buildings, or do not see problems with treatments that
preservationists would argue negatively affect the integrity of the building. Preservationists point to
misalignments between the Leadership in Energy and Environmental Design (LEED) certification
program and the Secretary’s Standards. A white paper prepared in advance of the November 2008
Symposium, “Sustainability and Historic Preservation—Making Policy” identified other potential
incompatibilities, including LEED points for green roofs and photovoltaic panels (which can obscure
the historic character of the roofline), and increased insulation (which may sometimes only be
possible to install by disrupting original interior wall and ceiling finishes).”> LEED also awards points
to recycling, which can include demolition debris from historic elements or entire buildings.’

To their credit, the U.S. Green Building Council has made modifications to recognize the
value of historic properties for its most recent iteration (LEED v3 2009). The LEED program most

often accommodates historic buildings under the LEED for New Construction and Major Renovation

! Blair Kamin, “Historic Preservation and Green Architecture: Friends or Foes?” Preservation 62:2 (2010): 28-33.

? “Green Building Practices and the Secretary of the Interior’s Standards for Historic Preservation: A White Paper prepared in
advance of the 2008 Pocantico Symposium” (draft). Available from:
http://www.preservationnation.org/issues/sustainability/additional-resources/pocanticowhitepaper.pdf

3 Valhouli, 144.
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(LEED-NC) category and in 2009 has increased the number of credits earned for using existing
buildings in dense, urban areas, a move preservationists hope will encourage the use of older
properties. Also new in 2009 and beneficial for historic buildings is the introduction of an optional
path to earn credits based on the durability and embodied energy of existing materials as
determined through lifecycle analysis.* Though the changes in LEED v3 (rolled out in April 2009)
may have not yet had adequate time to impact many projects, results compiled in October 2009
from a National Conference of State Historic Preservation Officers survey showed that conflicts
between preservation and sustainability goals for projects actually increased in 2009.

As the general conversation about the compatibilities between green building,
sustainability, and preservation continues, windows often find their way to the center of the debate.
The treatment of windows has been deemed, “perhaps the greatest bone of contention between the
two groups.”® Replacement of old windows is often perceived as the easiest solution, with the
usually higher cost conceded for expected savings in energy consumption and maintenance work. A
U.S. Department of Energy webpage advises readers, “If you have old windows in your home, the
best way to improve your home's energy efficiency is to replace them with new, energy-efficient

windows.””

Despite statements like these, the architecture community has not reached consensus
about the “best” or most energy efficient solution; current research on the energy and economic

efficiency of repairing versus replacing windows is lacking, and in many cases offers a frustratingly

superficial discussion. Materials available to preservationists as “ammunition” for combating the

* Barbara Campagna, “How Changes to LEED Will Benefit Existing and Historic Buildings,” National Trust for Historic
Preservation Forum News VX:2 (November/December 2008). Available from:
http://www.preservationnation.org/magazine/2009/march-april/Forum_News-Campagna.pdf.

® “NCSHPO Green Preservation Survey 2009,” October 13, 2009, 6. Available from:
http://www.parks.ca.gov/pages/1054/files/ncshpo%2Osustainability%20091013.pdf

¢ Kim A. O’Connell, “Finding Common Ground,” Clem Labine’s Traditional Building (June 2007): 18.

7 U.S. Department of Energy,” Energy Savers: Storm Windows,”
http://www.energysavers.gov/your_home/windows_doors_skylights/index.cfm/mytopic=13490.
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attacks of green builders on historic windows speak in generalities and rarely provide citations or
references to scientific studies.®

Window replacement informational materials, often provided by preservation-focused
groups (often formatted as “myths and facts” about windows), are some of the only sources
discussing the debate but generally provide a set of information that is difficult to apply to a decision
making process. A primary argument in these documents is the savings of embodied energy in the
existing windows. While this may be good for the planet, for building owners, this is a sunk cost not
directly impacting their balance sheet. This type of literature also almost always mentions the non-
recyclability of vinyl windows, and the high embodied energy of aluminum (along with the
unsightly profiles of the latter). But what about replacement in kind, or use of materials like wood
and steel for replacement windows? We are also told that the energy savings don’t come close to
offsetting replacement costs, but real numbers are rarely included (and when they are, do not
include source information, and/or have been estimated for residential buildings only). This leaves
many questions for the project manager who is primarily concerned about personal cost, has a
commercial project, and is not considering vinyl replacement windows.

Commonly cited window energy studies include a 1996 Vermont field analysis” of the
performance of windows with original wooden sash versus replacement windows, and a 1992
laboratory study comparing the winter performance of existing windows with an added storm
window with a low-e coating and a replacement window with a low-e coating. The Vermont study
concluded that “the difference in annual energy savings between renovating an old sash and

replacing it with a new one was very small,” and the 1992 study concluded that there was no

8 See Jim Crouch, “Top Myths About Replacement Windows,” Louisiana State Historic Preservation Office; Peter Roos,
“Windows: Do the Math and Save Some Real Money,” Newport Restoration Foundation; “Position Statement: Weatherizing
Existing Windows,” National Trust for Historic Preservation, and others.

? Funded by the National Center for Preservation Technology and Training
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significant difference in performance between the new and replacement low-e coated windows."
While these findings are encouraging, they cannot be generalized to make a judgment about the
performance of different window types in different climates in different buildings.

In summary, the few scientific studies that have been discussed are very dated, and are
primarily analyses of wooden windows in residential buildings in cold climates. As a 2007 White
Paper, “Making the Case: Historic Preservation as Sustainable Development,” acknowledges, there
is little information on assessing repaired versus replacement windows in commercial buildings or
addressing the implications for various climate regions.'" Perhaps the maxim, “if it were easy,
someone would have done it already,” applies here. In reality, the myriad complicating factors
make issuing generalizations about window performance extremely difficult. As residential buildings
are small in terms of square footage, have single-use occupancy, represent simpler construction
techniques and have easily digestible energy use records, it is clear why this building type has often
been selected for analysis. It is also understandable that the disseminated information is simplistic
and concentrated on residential buildings; individual homeowners considering window
replacements are a primary audience. However, when the application shifts to commercial
buildings, which can have hundreds of thousands of square feet, accommodate a wide range of
uses, feature complex building skin systems, and are often served by a complicated web of
mechanical systems and energy grids, it becomes very difficult to parse out window-related
performance, much less apply conclusions to other buildings.

Accepting that there will probably never be a straightforward, generalized conclusion, the

appropriate treatment must be evaluated on a case-by-case basis. Even if one treatment could be

1 Andrew M. Shapiro and Brad James, “Creating Windows of Energy-Saving Opportunity,” Home Energy (September/October
1997); J.H. Klems, “Measured Winter Performance of Storm Windows,” Windows and Daylighting Group, Building
Technologies Department, Lawrence Berkeley National Laboratory, Berkeley, California, 1992. Available from:
http://ohp.parks.ca.gov/pages/1054/files/berkeley%20storm%20window%2Oresearch.pdf.

! Patricia Frey, “Making the Case: Historic Preservation as Sustainable Development” (draft), White Paper presented in
advance of the Sustainable Preservation Research Retreat, October 2007, 13. Available from:
http://www.preservationnation.org/issues/sustainability/additional-resources/DiscussionDraft_10_15.pdf
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demonstrated as the most energy efficient, every project includes other considerations beyond
energy use and sustainability. Nevertheless, the need for precise climate control as well as the desire
for maximizing energy efficiency motivate the examination the performance of window assemblies
as one factor, and often a significant one, in making a decision for treatment of windows in historic
buildings.

Factors Impacting Window Energy Performance

The energy performance of most old buildings is often largely determined by the effects of
heating and cooling on the exterior envelope: the exterior walls, windows, doors, and roof."* It is
important to remember that windows play a small part in the heat loss of a building as a whole.
Energy efficiency experts say replacing windows is "one of the last things you want to do," as
addressing other aspects of the building envelope, like insulating walls and attic spaces, can have a
larger impact on building energy use than windows."’

In windows, energy is primarily lost through (1) infiltration; (2) solar heat gains in the form
of radiation; and (3) non-solar heat transfers through radiation, conduction, and convection. Air
infiltration, often the most serious energy problem, occurs when outside air enters the building,
usually at places of sealant or caulking failure where the window meets the wall, where the glass
meets the sash, and where the sash meets the frame."* While up to 25% of heat may be lost through
leaky doors and windows, when the proper fit between the frame and building wall is restored, the
total effective percentage of heat loss from windows themselves is only 12.5%."

Heat from the sun radiated into or out of buildings through glass is another source of energy
loss attributable to windows. In air-conditioned buildings, the heat entering from outside adds to the

cooling load the system must support. At night, heat escapes through the glass and can make the

2 New York Landmarks Conservancy, 80.
B Terri Rupar, “Windows Aren't Always A Clear Path for Savings,” Washington Post, 16 May 2009.

" New York Landmarks Conservancy, 82.
1> Sedovic and Gotthelf, 27.
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building more difficult to keep warm in winter. The Solar Heat Gain Coefficient (SHGC), a number
between 0 and 1, is a measure of the rate of solar radiation transmitted through the window,
including the glass, frame and sash; the lower the SHGC, the less solar heat it transmits.

Conduction, the process by which non-solar heat is transmitted through building materials
due to temperature differentials, is measured in U-values, generally between 0.2 and 1.20, where a
higher U-factor is correlated with a greater flow of heat loss and gain (R-values are the inverse of U-
values and represent the resistance of a window to heat flow). U-values are often misleadingly
quoted for replacement units as representing the entire window, when it may be the value through
the center of the glass, not including the sash and frame.'®
Evaluating Energy Performance of Existing Units

The various components of energy performance of existing units can be assessed in several
ways. The American Society for Testing and Materials (ASTM) has developed applicable standard
test methods and procedures for evaluating air infiltration that can be conducted in the field. ASTM
E 783 “consists of sealing a chamber to cover the interior or exterior face of a test specimen,
supplying air to or exhausting air from the chamber at a rate required to maintain the specified test
pressure difference across the specimen, and measuring the resultant air flow across the
specimen.”" It should be noted that this test method only addresses the issue of the air leakage of
the unit itself, not the leakage through the joint between the frame and the adjacent surrounding
construction, which can be a significant source of air infiltration in historic windows.

Tests for conductive loss have only been developed for laboratory application, and
therefore are primarily helpful for evaluating new window units, not existing assemblies in the field.
Estimates of the thermal performance, including U-values and SGHCs, are available for new

windows, though these values for older window materials are more difficult to obtain. Estimates

' Sedovic and Gotthelf, 27.

7 ASTM International, “Standard Test Method for Field Measurement of Air Leakage Through Installed Exterior Windows and
Doors,” Designation: E 783 — 02, 2002.
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may not be provided for the particular combination of materials in a historic window assembly. For
example, the 2009 American Society of Heating, Refrigeration and Air-Conditioning Engineers
(ASHRAE) Handbook, one of the most often cited guides for thermal performance information, does
not include information specifically for steel-framed window units. Even if the thermal ratings are
obtainable, these values are reflective of the material properties as newly installed, and do not
reflect changes in performance due to deterioration over time.

Energy Modeling and Historic Buildings

The U.S. Department of Energy’s Lawrence Berkeley National Laboratory has developed
software called WINDOW 5.2 that allows one to calculate the U-value of existing windows and
various retrofit scenarios. However, this modeling program is unfortunately not well-suited for
evaluating historic buildings. One selects items from a library of materials, which, for example, does
not include steel as an option for window frames. WINDOW also does not currently have the
capability to model the impact of the addition of storm windows or shading devices. Though storm
windows typically provide similar energy benefits to insulated glass, the two scenarios cannot be
compared in this application. The energy performance of historic windows is also significantly
affected by air infiltration. While WINDOW may provide an estimate of an assembly’s U-value and
SGHC, these values cannot be used to predictably evaluate a historic window assembly’s
performance, because conditions like deteriorated weatherstripping and sealants will significantly
affect the overall energy efficiency.

The Lawrence Berkeley Laboratory has also assisted in the development of another
program, eQUEST, which has the capability of modeling energy use for entire buildings. One could
theoretically modify only the window specifications to determine the impact of various assemblies
on overall energy use. However, this software also has drawbacks for historic buildings. Like
WINDOW, eQUEST also does not include historic materials, storm windows, or shading devices as

possibilities for describing the existing window assembly. The program also does not include steam
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heating as a possibility, making the program unable to accurately model many older buildings,
including the Tower, which are heated by steam.

These accuracy drawbacks aside, providing accurate details about other aspects of the
building is also difficult. Users must provide detailed specifications about the building, including
type of insulation, lighting loads per square foot, HVAC zones, the configuration of the heating and
cooling system (including number and size of boilers, pumps, etc). While one problem is that
historic materials are not available for modeling, simply gathering the information about building
specifications can also be very challenging for large, historic buildings with a complex and rarely
documented maintenance and renovation history. Historic buildings have often undergone several
upgrades and modifications over the years, the details of which may not be available. For example,
dropped acoustical ceilings were added to some floors of the Tower at some point in its history, but
the university does not have the specifications for the project. The current ceiling height is not the
same as that indicated on the original drawings. Insulation may have also been added at the same
time, though whether this happened or not, what type was installed, and whether that type is
available to select from the eQUEST database is unknown. These two examples are just a handful of
the myriad specifications that would need to be researched and/or physically examined throughout
the entire building in order to effectively and confidently use the modeling software. For large,
complicated buildings like the Main Building (comprised not only of the Tower but also a large four-
story lower building, totaling over 350,000 square feet), with varied conditions but interconnected
systems, this becomes a formidable prospect. With more time and information, this modeling tool
could be utilized for an estimation of energy consumption tailored to the Tower/ Main Building, but
is outside the scope of this thesis.

Evaluating the Window Performance of the Tower
Energy Modeling

The windows of the Tower are almost certainly not performing optimally, as the
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weatherstripping has deteriorated and there is likely a large amount of air infiltration due to lack of a
proper seal. The 1/8” single-pane glass and steel frames with no thermal breaks mean that the
windows have high U-values, typically around 1.20 for this type of assembly (compared with 0.65
for double glazed windows with a thermally broken metal frame). The film recently applied to the
windows on the west elevation is N10-35 Bronze by LLumar. This type of film is categorized by the
manufacturer as a “neutral film,” which is made with sputtered technology and, “reduce glare,
provide moderate heat rejection and are specified where a soft, neutral appearance is desired.”"®
With an SHGC of 0.36, the film has certainly improved performance compared to clear glass, but
does not meet the Efficient Windows Collaborative’s minimum SHGC standard for the Austin
climate, 0.27."

Using the WINDOW software, a very rough estimation of the current assembly (substituting
un-thermally-broken aluminum for steel and not accounting for the film on the western windows)
predicts an overall U-value of 1.19 and an SGHC of 0.78. Upgrading the glass from single pane
clear glass to insulated glass would bring the values for the window as a whole to 0.79, and 0.65,
respectively.

As the modeling software currently available to me is not particularly well-suited for historic
buildings, | recommend commissioning an energy audit specific to the Tower and its actual
conditions. Understanding how much energy the building consumes (and if the Tower’s use can be
separated from the rest of the Main Building) as well as the current performance of the existing
assemblies will provide an important baseline for any upgrades.

Energy Engineering Associates (EEA) was recently employed by the university to develop an
energy-modeling program to assist in the selection of a new air handler for the Tower. This model

incorporates the Tower’s unique specifications along with the university’s current utility rates, and is

18 L Lumar Architectural Window Film Performance Data,” Available from:
http://www.llumar.com/en/PerformanceData.aspx.

9 1bid; Efficient Windows Collaborative, “Fact Sheet: Selecting Energy Efficient Windows in Texas,” January 2010. Available
from: http://www.efficientwindows.org/factsheets/Texas.pdf.
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designed to provide lifecycle cost analysis. The model currently assumes the existing steel frames
with 1/8” clear glass, but this input could be modified with data for a variety of alternatives for
window assemblies. Using this already-designed program, the energy savings and life cycle cost of
several window treatment options could be compared.
Performance Testing

The university may be able to undertake two types of performance testing: in-situ evaluation
of the existing windows’ performance, or testing conducted on models designed to replicate the
existing assemblies or upgrades to the Tower’s windows. Engineering companies, such as Simpson
Gumpertz Heger, have the capabilities to execute sophisticated on-site testing to evaluate
performance. The university’s School of Architecture recently installed a thermal lab, where existing
or constructed windows may be tested. This latter option, however, will provide less information on
how a certain assembly would function as installed in the Tower; testing examples or
reconstructions will only give an approximation of how an assembly would perform as part of the

Tower’s entire exterior envelope system.

38



Chapter Six: Regional Considerations

Climate

Regional climate considerations add to the complexity of evaluating the energy
performance of window assemblies and selecting the most appropriate treatment. To be most
thermally efficient, windows in hot and cold climates will need different thermal characteristics. U-
factors, which measure non-solar heat flow, generally have a larger impact on heating needs than
cooling needs because temperature differentials between outside and inside are greater during the
heating season in most climates in the United States.' In regions like most parts of Texas, however,
where energy use is dominated by cooling loads, managing solar heat gain is more important than
mitigating conductive heat loss. A window’s SGHC measures the amount of solar radiation able to
penetrate the assembly, and is more important in regions that must expend energy to keep buildings
cool. Therefore, climate will dictate the most appropriate U-factor, SGHC, as well as low-e coating,
which may be for high or low heat gain.
The Implications of the Texas Climate

While the increased heat loss resistance offered by the insulating air space of double-
glazing can have a dramatic effect on energy use in cold climates, the relatively small differential
between inside and outside temperatures during most parts of the year in Texas make this heat loss
less significant. Here, energy loads are most affected by solar heat gain in the form of radiation; the
SGHC as well as low-e coatings and shading devices will be most useful in reducing energy use for
Texas windows. Solar transmission through windows may account for 30% or more of the cooling
requirements in climates like ours.”

The Efficient Windows Collaborative (EWC)® has recognized the importance of tailoring

' U.S. Department of Energy, “Selecting Windows for Energy Efficiency.”

2 Ibid.

* Developed with funding from the US Department of Energy's Windows and Glazing Program by Lawrence Berkeley
National Laboratory and the University of Minnesota's Center for Sustainable Building Research.
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window specifications to climate, and offers recommendations for window properties for four
climate zones in the United States. The EWC also provides state-level recommendations with case
studies in cities across the state. The fact sheet for Texas includes three climate zones; Austin falls
into the Southern Zone, and as a cooling dominated region, the SGHC is recognized as the most
important window property. The EWC recommends U-factors of 0.60 or better and an SHGC of
0.27 or better for windows in the Southern Zone.*

Workforce and Materials

The availability of specialized workers for preservation work is another regional
consideration. Though we live in a globalized economy and have wide access to goods and
services, skilled labor is not always available locally. Preservation projects often rely heavily on
specialized tradesmen, and the quality of the work is non-negotiable, or at least less flexible for
compromise than new construction projects.” A “Practice Points” article published by the
Association for Preservation Technology lists quality along with cost and schedule, as the primary
categories of risk to be mitigated in project planning; to ensure quality, a project manager must
ensure that there is sufficient availability of skilled trades to complete the work satisfactorily.®
Restoration projects are nearly twice as labor-intensive as new construction projects; securing a
qualified workforce is very important.” Selecting a treatment for windows, especially repair, may
require specialized labor that may be costly to procure. Deteriorated wooden windows, for
example, may be salvageable with the work of specialized tradesmen to skillfully apply expoxy
and/or splice in new parts. Matching the existing design and profiles with new pieces is a

specialized service that not all woodworking mills may provide. For metal windows, skilled

* Efficient Windows Collaborative, “Fact Sheet: Selecting Energy Efficient Windows in Texas.”

® Ronald D. Staley, “Successful Preservation Implementation: A Planned Approach to Risk Management,” Association for
Preservation Technology Practice Points 01, [nd].

® Ibid.
7 Sedovic and Gotthelf, 27.
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tradesmen may also be required to repair significantly deteriorated parts with techniques like “cold-
stitching,” a method of pinning fractures in cast iron.

Fortunately, the Tower windows do not appear to be in such a condition that especially
skilled labor will be required to repair the windows. The cast iron spandrel panels, also do not
appear to be significantly deteriorated, with no cracks observed. However, further investigation,
especially of the spandrel panels and the conditions present behind the exterior-facing panel, is

recommended.
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Part 1I: Treatment Options for Historic Windows
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Chapter Seven: Treatment Options

There are several options for treating deteriorated windows, including combinations of
treatments. Before deciding whether repairing/ retrofitting or replacing windows will be the best
solution, it is important to understand the available alternatives and the appropriate applicability for
each.

Options for Repairing or Retrofitting Existing Units

Window repair for metal units may involve simply improving the existing condition of the
unit, including cleaning and recoating the sash and frames, applying new sealant to glass and sash
connections, and installing new weatherstripping. While one choice is to repair and rehabilitate
windows to an optimized original condition, there is also an opportunity to improve window
performance through upgrading some elements beyond original performance, without replacing
units entirely. Options in the retrofitting category include the following: exterior and interior storm
windows, high performance glass, and shading devices.

Additional panes of glass in a window assembly reduce U-values by creating air spaces that
increase the insulating value.' Double glazing, however, is often difficult to achieve within frames
that originally held single-pane glass, especially in the thin sections of historic rolled steel windows.
In cases where there is room for two panes of glass in the original sash, the space between may not
be optimal for ideal energy performance. To get around this issue, the window assembly may be
altered to accommodate a larger width, or the team may elect to install storm windows. Storm
windows are secondary windows that may be placed on the interior or exterior of the original
window. Providing a layer of air between the original unit and the storm, R-values can be improved

while also insulating against noise.

' U.S. Department of Energy, “Selecting Windows for Energy Efficiency,” January 2007, 2. Available from:
http://windows.lbl.gov/pub/selectingwindows/window.pdf.
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The use of exterior storm windows is the “traditional” method of achieving double glazing,
and typically results in a U-value similar to that of insulated glass.? Exterior storms often have a
greater impact on the visual appearance of windows than interior storms, but are sometimes
desirable because they can protect fragile original units and are removable.’

Interior storms generally better preserve the visual qualities of historic windows, and are
available in a variety of different mounting methods that may be operable or fixed. Piggyback storm
panels were utilized in the 1980 window retrofit for the wooden double-hung units of the Colcord
Building in Oklahoma City, profiled in the NPS Preservation Tech Note 8. A relatively deep original
sash provided enough room to cut away a small section to accommodate a new storm panel behind
each original pane of glass. The new frame was recessed to fit flush with the interior side of the
original sash. The piggyback installation allowed the units to retain their original operability; instead
of installing one large storm window blocking access to the original unit, panels were attached to
each of the two sashes of the double-hung units. Drawbacks include the increased weight that the
sash must accommodate, and potential condensation problems. These issues were addressed in the
case of the Colcord Building by using lighter-weight aluminum for the interior frames and drilling
vent holes in the stiles.* While popular a few decades ago, this solution has been phased out of
treatment consideration for more recent projects because of the leakage that remains around the
edges of the divided lights; storm panels that cover the entire window, while sometimes affecting
operability, provide much better insulation.

Interior storms may also be removable, intended to be attached to the interior frame in the
winter, and then stored in the summer, or for removal for cleaning.” Storms with a magnetic seal are

easily removable and do not damage the fabric of historic window with intrusive screws or cuts.

2 Fisher, The Window Handbook, 4.

* New York Landmarks Conservancy, 120.

* Sharon C. Park, “Preservation Tech Note 8: Thermal Retrofit of Historic Wooden Sash Using Interior Piggyback Storm
Panels,” Preservation Tech Notes (National Park Service Technical Preservation Services, September 1984). Available from:
http://w3.gsa.gov/web/p/HPTP.NSF/gsagovAllProceduresDisplay/0861004S.

> New York Landmarks Conservancy, 123.
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This type of double glazing was selected as a design solution at Colonial Williamsburg for a project
upgrading the thermal performance of more than 20 buildings in the early 1980s.° A steel strip was
attached to the existing window with adhesive, and formed a magnetic seal with the interior storm
(also fitted with a magnet). In order for the magnetic seal to support the storm, the unit must be
lightweight. In Williamsburg, this required the use of acrylic glazing, which is easily scratched.
Sliding interior storms are another assembly to consider. This type of storm allows original
windows to retain their operability, but with much less ventilation capacity due to blockage from
the slider window. Sliding storms were selected in 1997 as a solution for the Kansas City, Missouri
City Hall, which has the same Browne windows as the Tower. Apparently, the installation has
reduced drafts, but the windows suffer from condensation on the original window side.” Generally,
however, compared to exterior-mounted storms, condensation is less likely to be an issue with
interior storms. In order to avoid condensation, the innermost glass layer must be made airtight; it is
easier to ensure a tight fight with the newly installed interior storms than it is to make the existing
historic windows airtight (which become the innermost layer in applications of exterior storms).
Enhanced-performance glass, which can be retrofitted in the original frames with varying
required modifications, is yet another possibility. Low-emissivity (low-e) coatings are
microscopically thin metallic oxide coatings, which can be applied to one or more of the glazing
surfaces facing an air space, or may be present as a thin plastic film inserted between panes.® There
are two types of low-e coatings: high-solar-gain coatings, which primarily reduce heat conduction,
and are best suited for cold climates, and low-solar-gain coatings (for hot climates), which reduce
solar heat gain by blocking the infrared portion of the solar spectrum. As the ASHRAE Handbook

explains, “There are two ways of achieving low-solar-gain low-e performance: (1) with a special,

® Charles E. Fisher, “Preservation Tech Notes 9: Interior Storm: Magnetic Seal,” in The Window Handbook: Successful
Strategies for Rehabilitating Windows in Historic Buildings, ed. Charles E. Fisher (U.S. Department of the Interior National
Park Service Technical Preservation Services and The Center for Architectural Conservation, Georgia Institute of Technology,
1990).

7 Oklahoma City Downtown Design Review Committee, “Staff Report.” (commenting on Kansas City’s City Hall)

8 U.S. Department of Energy, “Selecting Windows for Energy Efficiency,” 2.
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multilayer solar-infrared-reflecting coating, and (2) with a solar-infrared-absorbing outer glass.””
One benefit of low-e coatings as a treatment option is that coatings can be applied to single-pane
glazing and easily installed within original sash. Low-e coatings may be applied to single pane glass
for improved thermal performance, but work best in conjunction with an insulated glass unit. This
combination was selected for the recent restoration of the wooden windows of Garrison Hall at the
University of Texas at Austin; the original sash was retained, though it was routed in order to accept
the wider insulated glass pane.

Insulating glass (IG) is an assembly with at least two panes of glass, hermetically sealed and
held together with a spacer, usually containing a desiccant material. The space between may be air
or may be filled with inert gases to further reduce energy transfer. This type of upgrade was selected
for the recent retrofit of the 6,500 windows of the Empire State Building. The original frames and the
double-pane glass in the double-hung units were retained and reused, with an added spacer, UV-
protecting mylar sheath, and krypton argon gas between the panes.' However, insulating glass may
not easily fit within the original glazing pocket, and increased weight from additional panes may not
be structurally supportable in the original sash."" The team rehabilitating the Sears Roebuck
warehouse mentioned in Chapter Three eliminated the consideration of the use of insulated glass
because the original steel muntin sections could not support the added weight of new dual-paned
glass units."” Insulated glass also has a limited lifespan. When the desiccant becomes saturated,
sometimes as soon as 25 years after installation, the unit can experience condensation. Though the

window still performs thermally, the condensation can cause moisture damage and obscure the

9 2009 ASHRAE Handbook Fundamentals (Atlanta: American Society of Heating, Refrigerating and Air-Conditioning
Engineers, Inc, 2009), 326.

' Lara Pellegrinelli, “Empire State Building Goes Green — For Good?” 30 September 2009,
http://www.npr.org/templates/story/story.php?storyld=113349177.

" Kelley, “Window Systems: Repair Versus Replacement,” 245.
2 Randl, “Preservation Tech Note 20.”
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view. Other drawbacks of I1G for historic buildings include the visual impact; insulated glass may
cause confusing reflections.

The following table summarizes the thermal performance of some of the treatment options
discussed above. The data was obtained from the 2009 ASHRAE Handbook; the values are for
aluminum operable casements with no thermal break. The Handbook does not provide values for
steel assemblies, but this can be used as a conservative proxy, as aluminum conducts heat more

readily than steel.

Glass type U-factor | SGHC
1/8” Single-glazed clear 1.23 0.78
Double-glazed clear, ¥4” air space 0.81 0.64
Double-glazed with low-solar-gain low-e coating (e= 0.05), ¥4” air space | 0.70 0.34
Double-glazed with low-solar-gain low-e coating (e= 0.05), V4" space 0.64 0.34
filled with argon

Table 7.1. U-factors and Solar Heat Gain Coefficients for various glass types. Source: 2009 ASHRAE
Handbook.

Shading devices are sometimes the least intrusive way to add energy efficiency to windows
and reflect traditional building practices. Shutters may be installed on the interior or exterior, and
though they have historically been made of wood, they may also be enhanced with insulation
and/or reflective materials. A 2008 laboratory study conducted for Historic Scotland demonstrated
that traditional shutters were able to reduce heat loss by 51% and insulated shutters provided an
additional 9% reduction in heat loss.” The secondary glazing system they also tested provided
comparable performance, reducing heat loss by 63%, though at a much more expensive cost."*

Roll-up shades are also available in traditional finishes like fabric or plastic as well as
insulated and solar control materials. Shades can more easily be stowed than shutters when not in
use. Shades with reflective film laminates or sunscreens provide benefits similar to solar control

films mounted directly to glass and can achieve shading coefficients as low as 0.13." Insulated

'3 Paul Baker, “Improving the Thermal Performance of Traditional Windows,” Prepared for Historic Scotland, October 2008,
11. Available from: http://www.historic-scotland.gov.uk/thermal-windows.pdf.

" 1bid.

> NYC Landmarks Conservancy, 129.
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shade options include window quilts (heat resistant barrier covered on either side by insulation
material) and though more bulky than solar-reflective shades, they perform more efficiently.'®

Blinds, consisting of horizontal or vertical slats and available in a variety of materials, are
also used for solar control. In the Historic Scotland study, blinds were able to reduce heat loss by
22-28% and modern roller blinds fitted with a low-e coating on the window side of the blind was
almost as effective as shutters, offering a 45% reduction in heat loss."”

Shutters, shades and blinds all have potential to shield the building’s windows from
unwanted heat gains and losses, but at the price of reducing the amount of light admitted. The use
of these components provides a potentially relatively inexpensive and less invasive option for
significantly improving R-values in window units. Though removable, these types of installations
also have the potential to dramatically affect interior and exterior appearance.

Older editions of the ASHRAE Handbook provide additional standard U-values, including

shading devices and storm windows. Below are U-values from the 1985 edition for a window with a

metal frame.'®

Window assembly type (including metal frame) No storm Exterior Storm | Interior Storm
(1” air space) (1” air space)

Single-glazed clear 1.21 0.70 0.70

Single-glazed clear, low-e = 0.2 0.87 0.56 0.52

Double insulating glass, 0.25” airspace 0.75 0.53 0.53

Double insulating glass, 0.25” airspace, low-e= 0.2 | 0.42 0.36 0.38

Table 7.2. U-values of various window assemblies. Source:

1985 ASHRAE Handbook.

Window assembly type (including metal frame and | No storm Exterior Storm | Interior Storm
opaque white roller shade) (1” air space) (1” air space)
Single-glazed clear 0.90 0.58 0.58
Single-glazed clear, low-e = 0.2 0.69 0.48 0.45
Double insulating glass, 0.25” airspace 0.62 0.46 0.46
Double insulating glass, 0.25” airspace, low-e= 0.2 | 0.37 0.33 0.34

Table 7.3. U-values of various window assemblies, including roller shade. Source: 1985 ASHRAE Handbook.

'® Ibid.
7 Baker, 13.

181985 ASHRAE Handbook Fundamentals (Atlanta: American Society of Heating, Refrigerating and Air-Conditioning

Engineers, Inc, 1985), 27.10-11, 27.35.
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From this data, we can see that window assemblies featuring single glazed primary windows with a
storm window compare favorably to double insulating glass, especially when paired with a shade.
Additionally, U-values for interior and exterior storms are strikingly similar to each other.
Replacement

Window replacement is typically considered in two scenarios: the windows have reached
the end of their service life and cannot be economically repaired, or the project goals include
energy savings that may be most readily achieved with new assemblies (or are impossible to achieve
with existing units, even when retrofitted with upgrades). Whether windows have in fact reached the
end of their service life is often a subjective decision, as illustrated by the differing conclusions
drawn by VFA and ARCHITEXAS for the windows of the UT Tower. Likewise, the tipping point for
when repair or replacement in-kind becomes economically infeasible is also subjective; for some
building owners, anything but the least expensive option may be “infeasible.”

Replacement in-kind essentially duplicates the original unit, with the same materials,
profile, and sightlines. As the possibilities to upgrade the energy performance in in-kind replacement
is relatively limited, this type of replacement is most often motivated by preservation concerns and a
desire to retain the historic appearance of the windows. However, some alterations to the design, to
include a deeper section to accept insulated glazing, for example, may be accommodated. If
windows must be replaced, the Secretary of the Interior’s Standards call for using the same sash and
pane configuration in an effort to match the design detail of the original."

Alternately, windows may be replaced using substitute materials, a practice that is accepted
by the Standards only if replacing the original material is not technically or economically feasible
and the substitute material is judged to be compatible. Benefits for substitute materials include

potential for improved performance of not only the glass, but the frame and sash as well. For metal

19 “Secretary of the Interior’s Standards for Rehabilitation & Illustrated Guidelines for Rehabilitating Historic Buildings—
Windows,” available from http://www.nps.gov/hps/TPS/tax/rhb/windows01.htm.
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windows, thermally broken frames may replace original windows that had no thermal breaks,
increasing the R-value of the frames. Aluminum is often a candidate for replacing steel windows,
though because it is not as strong as steel, aluminum units will have to have larger frame members
in order to achieve the same strength characteristics as steel in a replacement window.?* Wood is a
better insulator than metal windows; insulated vinyl replacement windows for wood units would
not significantly increase R-values, but the use of vinyl-clad frames does have the potential to
reduce maintenance requirements.

The alternative materials extend beyond the frames to the type of glass used as well. New
windows offer the benefit of being specifically designed to accommodate the selected glass system
(for example, insulated glass). Some would argue that new units are also desirable because tight
seals and snug fits can be more easily achieved in creating a new unit from scratch rather than
trying to restore these properties in the original.

Selective replacement with insert windows provides an option that removes historic
material but requires little alteration to the outside wall. This solution removes the operating sash,
leaving only the existing frame, and a new replacement window product is then installed onto the
frame.”' This is an option for projects considering replacement but seeking to avoid the common
problem of fully and effectively removing the original frames from the surrounding wall system, a

process that can be especially difficult for masonry surrounds.

2 Kelley, “Window Systems: Repair Versus Replacement,” 237.

21 Bill Mattinson, Ross DePaola, and Dariush Arasteh, “What Should | Do About My Windows?” Home Energy (July/August
2002): 29.
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Treatment options for the Tower

There are several treatment options to be considered for the Tower:

1.

10.

11.

12.

13.

Refurbish (necessary)

Utilize existing shades

Upgrade shades with low-e foil or other solar properties

Add low-E coated laminated or plate glass in existing frames

Add magnetic interior storms

Add screw-in interior storms

Add piggy-back panels

Add exterior storms

Add insulated glass to existing frames

New steel frames with IG and/or low-E; match appearance & operation

New aluminum frames with IG and/or low-E; match appearance & operation
New steel frames with 1G and/or low-E; match appearance but not operation
New aluminum frames with IG and/or low-E; match appearance but not operation

At this point, a few treatment options can be eliminated based on physical specifications

and performance. The first treatment that can be eliminated for the Tower is screw-in interior

storms. This type of storm window results in the unnecessary modification of the original units with

intrusive screws, damaging historic material. Screw-in storms are also difficult to remove, which

poses problems for ventilation, cleaning, and maintenance. Magnetic storms offer the same benefits

without these drawbacks.

As mentioned above, while piggy-back panels are attractive for the preservation of original

operating mechanisms, they represent a dated technology. The leakage around the edges leads to

unnecessary air infiltration and potential problems with condensation.

Next, we can eliminate the consideration of exterior storm windows. This type of
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installation would dramatically affect the exterior appearance of the Tower, and given the windows’
flush connection to the spandrel panels below, there is limited space for an exterior storm. Further,
installation and maintenance can be difficult, requiring vertical exterior access. Interior storm
windows provide comparable U-values, so there is no compelling reason to leave exterior storms on
the list.

Finally, the width of the frames, made to hold the original 1/8” glass, does not leave room
for inserting insulated glass without modifying the original assembly. The glass is held in place by
angle stops, which could not be extended backward beyond a certain extent without affecting the
operation of the windows.

With these treatments removed from consideration, the remaining options will be weighed

with their performance potential and cost in the last chapter.
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Part I1l: Goals & Objectives

Part Ill of this thesis examines the considerations that may vary by project, depending on
differing goals and objectives. This section will provide discussion and guidance on selecting a

treatment option from Part Il using the data gathered from Part I.
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Chapter Eight: Preservation Philosophy

For historic buildings, the preservation philosophy selected for a project has perhaps the
largest impact on the consideration of window treatment options. Establishing a coherent
philosophical approach to the treatment of buildings, whether it is specifically deemed a
“preservation philosophy” or not, is an important first step for any organization or owner.
Establishing values about the stewardship of historic properties, balancing this with other,
sometimes competing factors (budget, energy use, use, etc) and gaining consensus among several
stakeholders and team members is necessary. The determined philosophy may then be recorded in
writing, distributed to participants, and/or included in standard operating procedures or architectural
guidelines. Once a group has determined a general stance on preservation goals, an appropriate
treatment can be selected (which also may vary by building when an owner controls more than one
property).

Though sometimes compliance with the law may dictate that the treatment adhere to the
Secretary of the Interior’s Standards, this set of recommendations is also valuable for projects which
are not required to follow the guidelines. One of the four treatment scenarios as defined by the
Standards may be selected, or a project team may decide to take a different path, including some
preservation goals or none at all.

The Secretary of the Interior’s Standards map out four possibilities for treatment of historic
buildings: preservation, rehabilitation, restoration, and reconstruction. Preservation aims to
essentially keep the building in its present state, stabilizing the structure so that further deterioration
does not occur. Restoration calls for the revival of the appearance of the building at a certain period
in history, the period of significance. Elements that have been lost are restored, while existing
features that were not part of the structure during the restoration period are removed. In
rehabilitation treatments, alterations and additions are permitted so long as the historically

significant features are preserved. Reconstruction duplicates a no longer extant property by means of
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new construction.

Window replacement solely for energy efficiency would not be acceptable in preservation
treatments, which call for limited replacement in-kind only if absolutely necessary. Window
replacement is permitted in restoration treatments, but only if the window replacement is
undertaken as part of an effort to return the building to its appearance during a certain period of
significance, not for energy performance. The standards for rehabilitation, the most common
treatment for continually operating buildings and adaptive reuse projects, provide the most
flexibility; rehabilitation is the treatment with the most potential to allow energy upgrades while
adhering to the Standards. Window replacement may be permitted if the windows are deteriorated
beyond repair, or are not character-defining features. Most energy efficiency-improving retrofits
would also be permitted, provided that the appearance is not drastically changed, though the
Standards encourage the use of shading devices and/or storm windows before replacing single pane
glass with double-glazed, for example.

Project managers may decide to adhere to the Standards for several reasons. While some
may adopt these strategies simply as models of good practice, others may be complying with
regulation requirements, or may be motivated by the desire for tax incentives. Section 110 of the
1966 National Historic Preservation Act requires federal agencies to assume preservation
responsibilities for properties owned or under its control, and to undertake preservation actions in
accordance with the Secretary’s Standards. Under Section 106 of the same act, which applies to
projects involving a federal undertaking that may negatively affect historic properties, a review must
be conducted to identify historic resources and to consider the impact of the project on any
significant properties. The project team must work with the State Historic Preservation Officer, and
compliance with the Secretary’s Standards may be required as part of an agreement. Federal tax
credits are only offered to income-producing (for-profit) projects that qualify as Certified

Rehabilitations, which must comply with the Standards.
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One important piece of information that subsequent decisions may hinge upon is the
significance of the property. Under Section 106, the area of potential affect must be surveyed for
historic resources, but the process only moves forward if these resources are determined to be on or
eligible for the National Register of Historic places. Likewise, in order to qualify as a Certified
Rehabilitation for federal tax credits, a property must not only undertake only renovations that are
consistent with the historic character of the building, but it must also be a certified historic structure.
A Certified Historic Structure is defined as “a building that is listed in the National Register of
Historic Places, either individually or as a contributing building in a National Register historic
district, or as a contributing building within a local historic district that has been certified by the
Department of the Interior (National Park Service).”' Some states also offer tax incentives that
require compliance with the Standards, often also requiring the projects to be Certified Historic
Structures.

Thus, the first question might be, “is the property in question listed on or eligible for the
National Register individually or as part of a historic district?” If the project falls under Section 106
or 110, or the project is seeking tax credits, complying with the Secretary’s standards will define the
framework for considering window treatments. If the structure is not eligible for the National
Register (or in some cases may be eligible but has not been listed), and receiving tax credits are not
important to the project, there is more leeway for treatment options in terms of compliance.

Preservation philosophy for the project is also closely tied with aesthetic considerations.
Window treatment decisions may be informed by how the selected strategy will affect the
appearance of the building. Often, this appearance is judged against the historical look of the
property. In some cases, window decisions may be made based on whether the alternatives are not

aesthetically pleasing, either because they do not represent the historic character of the building, or

! National Park Service, “Federal Preservation Program Notes,” June 2006. Available from:
http://www.achp.gov/docs/BRAC/Federal_Historic_Preservation_Tax_Incentives_Program-June_06.pdf
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because thick sections or dark screens make the windows unsightly.
Preservation strategy for the Tower

Though the Main Building at the University of Texas (and therefore the Tower) is not listed
on the National Register of Historic Places, it would likely be deemed eligible. A National Register
nomination has been prepared, but not submitted for the Main Building, and proposes that the
building is eligible under Criterion A, as a structure associated with events that have made a
significant contribution to the broad patterns of our history.” I would argue that the building could
also be significant under Criterion C, representing the work of a master and possessing high artistic
values. The Main Building would certainly be on the list of the most impressive projects renowned
architect Paul Cret ever designed. The building is also significant for its role in defining the
orientation and design of the entire campus plan.

The university has not published an official preservation philosophy (though this would
need to be considered in conjunction with the existing sustainability policy, discussed in the next
chapter), but has generally demonstrated a concern for the campus’ historic resources, even when
not obligated by law, and is currently working to incorporate guidelines on the treatment of historic
elements in a forthcoming update to the campus architectural standards. Although the Main
Building is not under federal ownership, the university could receive federal funding for a project to
address the maintenance needs of the Tower. If so, the project may be subject to compliance with
section 106 of the National Historic Preservation Act. If the project is financed without federal
funds, renovation work on the building will not have to comply with the Secretary’s Standards by
law, though this is not to say that the university would therefore ignore the significance of the
building in a treatment solution. The Tower is revered as the icon of the university, and those in

positions of administrative power recognize and appreciate this fact. Though adherence to the

? Tenaya Hills, “National Register Nomination Form: Main Building,” December 2007; this nomination was written as an
exercise for a course in the Historic Preservation program curriculum.
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Standards is not mandated, the university will likely advocate a sensitive treatment of the Tower’s
windows, eliminating considerations of any solutions that would dramatically affect the appearance

of the building.
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Chapter Nine: Energy and Sustainability

Goals for energy use and one’s commitment to sustainability clearly contribute to the
decision in selecting a window treatment. Like establishing a preservation philosophy, a definitive
position on sustainability (which should be compatible with preservation concerns) is an important
part of making a methodical decision for treating deteriorated windows. Mangers have several
aspects of the term “sustainability” to consider, including energy consumption (which can be related
to operating cost), as well as preservation of embodied energy and conservation of resources, which
may or may not result in direct financial benefits to the owner. In fact, using sustainable products
and systems incorporating the latest technology may be more expensive than typical construction
materials and system designs.

Just as some owners may not be concerned about preservation, for some projects,
improving energy efficiency may not be a goal at all. This was the case for the restoration of the
Nebraska State Capitol, which has windows similar to the Tower, a few decades ago. Though the
energy crisis of the 1970s motivated some changes in energy use strategy, often including
replacement windows, some major projects executed in the following decades did not seek to
upgrade energy efficiency. These types of projects, however, are likely in the minority today. As
evidenced by the growing popularity of LEED certification and the increasing number of
interdisciplinary conversations about green building, sustainability is a significant force in our
society today. Sustainability, including consideration of the types of materials used as well as energy
consumption, is a consideration for a large percentage of new construction and renovation work
taking place in the built environment.

LEED certification is becoming a requirement for the projects of some organizations, and
more stringent energy codes have also been adopted at the state and national level. Whether the
goals for the project include reducing energy and a concern for conserving resources outside of

those that directly impact individual balance sheets will inform window selection.
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Energy Use and Sustainability at the University of Texas

The University of Texas at Austin has developed an official Sustainability Policy, which is
currently somewhat vague about goals and requirements. The UT System, encompassing all of the
University of Texas campuses, has a somewhat more explicit policy, drafted in August of 2009. The
UT System policy requires each institution to update Energy Management Plans with energy
consumption reduction goals quarterly. New projects or major renovations must meet the latest
energy efficiency and design principles as established by ASHRAE, and project planners are also
instructed to consider life cycle costs. This document also describes the System’s commitment to
many sustainable practices beyond those related to buildings, including transportation and waste
management. The UT System encourages new construction and renovation projects to meet LEED
standards, but does not currently require official certification, arguing that the cost of this process
could be applied to other needs.' The balance between preservation and sustainability is not
immediately clear in UT’s policy. The UT-Austin policy states that decisions and actions will be
“reflective of the university’s resources,” but whether “resources” include historic properties is
unclear.”

Boston University, a campus which has also demonstrated a clear interest in sustainability,
has a “window replacement program,” categorized as “green building” imitative. The first window
replacement took place in 1988, and since then the university has replaced about 6,000 windows.
The buildings in question were described by BU as “iconic architecture,” along Commonwealth
Avenue, may of which are over 50 years old. Slated for future replacement are the windows of the

historic Cram and Ferguson College of Arts and Sciences buildings and the 1960s-era Warren

! “Sustainability Practices,” August 20, 2009. Available from: http://www.utsystem.edu/policy/policies/uts169.html
2 “Campus Sustainability Policy,” April 22, 2008. Available from: http://www.utexas.edu/policies/hoppm/01.A.03.html.
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Towers.” The program is framed as an energy-saving measure, installing thermally-broken
aluminum frames with insulated glass. As the Boston climate is primarily heating, these
modifications have potential to considerably impact energy consumption.

Though preservationists may not agree with their practices, it can be inferred that the BU
window replacement program was developed based on an objective evaluation of the value of
historic material, the energy efficiency of the window units, and the desire to save heating costs. In
fact, Boston University was graded a “B” by the College Sustainability Report Card (a website which
grades higher education institutions on sustainability activities based on both publicly available
documentation as well as surveys), while UT received a “B-.”* Sustainability and preservation
philosophies will vary considerably between owners/actors/communities, but officially identifying

values and using the resulting policy to make an informed decision is most important.

* http://www.bu.edu/sustainability/what-were-doing/green-buildings/window-replacement-program/

* “College Sustainability Report Card 2010,” http:/www.greenreportcard.org/report-card-2010/schools/boston-university;
http://www.greenreportcard.org/report-card-2010/schools/university-of-texas-austin.
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Chapter Ten: Use

The use or program of a building is also a very important factor to consider when
determining the most appropriate treatment action for windows. A property that will be vacant, used
to house offices or homes, or used for storage will have different environmental requirements
affected by window treatment selection.
Energy

Perhaps the most obvious environmental variable is heating and cooling. If a building or
part of a building will be empty, the temperatures inside can remain closer to those outside, perhaps
reducing the need for particularly energy efficient window assemblies. Environmental controls for
human occupancy will require more energy. If the space is used for storage, depending on the
requirements, this may require more or less energy use than if the space were to be occupied by
people. For example, archival materials may require cool temperatures and low humidity, often
lower than would be necessary for human comfort. In very warm regions, maintaining this interior
environment could be more costly than if people occupied the space.
Light

Lighting requirements also differ based on use. Office workers desire natural daylighting
from windows in their work environment. LEED guidelines also encourage daylighting measures,
and reward points for maximizing natural light. These requirements mean that shutters, shades and
blinds that need to remain closed to reap thermal benefits will cost human occupants the benefits of
light from the outside. For vacant or storage spaces, dark interiors may either be a neutral or
preferable situation. Some materials in storage may be UV-sensitive, and the radiation would also
increase the temperature in areas where it may need to remain cool. Shading devices or window
coatings that reduce visible light transmittance would be acceptable if not preferable for windows

servicing storage space.
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Sound

Sound insulation is another property affected by window assembly materials that also has
varying requirements. Like the scenarios above, spaces for human occupancy will have the greatest
need for sound reduction, particularly in urban areas.

Use plans for the Tower

Currently 18 of the Tower’s 27 floors are used for office space, with five floors each
dedicated to storage for library resources and preserved plant specimens. The university is in the
process of renovating the Flawn Academic Center (FAC), and plans to move several floors of office
workers from the Tower to FAC, filling the emptied Tower floors with more herbarium specimens.
University administration members have suggested that eventually the Tower will only be used for
storage; despite the fantastic views, the small spaces, low ceilings, and difficulties complying with
fire and life safety codes make the Tower a relatively non-desirable place to work.

The fact that the Tower may be mostly storage space within the next few decades suggests
that a window treatment especially sensitive to the comfort of human occupants may not be
necessary. The use of the space for storage means that the besides egress requirements, the windows
will not need to be operable for the temperature control and enjoyment of office inhabitants, nor
will there be a particular need for daylighting or sound insulation. These factors suggest that simply

utilizing the shades may be a good treatment option.
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Chapter Eleven: Economics

As all projects have a budget, economics figures prominently in making a treatment
decision for any project. Economic concerns may be primary or secondary, however, depending on
the nature of the project. For example, projects with a mission to preserve the original appearance
may be willing to spend more money on exact replica replacements, while those less concerned
with preservation may opt for the least expensive treatment, even if this alters the appearance or
removes historic materials.

While many projects unwisely only consider the cost of manufacture and installation, or the
“first cost” of the treatment action, there are several other economic factors to consider. When
calculating overall costs, the figure should include associated operation and maintenance costs for
each option in addition to the initial expense. Maintenance should be included in the cost of
replacement; modern materials may have a shorter lifespan than existing building components.
Additionally, the total cost of the project should reflect the potential savings in utilities due to
increased energy efficiency. Selecting the treatment may come down to balancing the cost of the
treatment versus expected savings over time, or the payback period.

In terms of “first cost,” repair is generally less expensive than replacement. This is
particularly true when replicating the appearance of historic windows is important for replacement
units. Exact replicas (or even close matches) must often be custom designed and manufactured,
significantly contributing to the cost. Besides being labor intensive (requiring both the removal of
the existing windows and the installation of new units), replacement also simply requires more
material, which makes the prospect expensive. Replacement units generally make sense
economically only when the savings from reduced energy use and/or reduced maintenance needs
outweigh their cost.

Repair and retrofit options should also be considered with regard to their cost. Interior

storms, which can be installed from inside, are often cheaper to install than exterior storms, which
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may require scaffolding. Maintenance is also more costly for exterior storms, which also may
require scaffolding or other special access for cleaning and routine maintenance.

Economics of Treatment for Tower windows

First Cost

Quotes have been obtained from vendors to provide a rough estimate for the cost of various
treatment options for the Tower.

One option is to replace the recently installed roller blinds with shades featuring insulating
properties. Kennady & Company, who installed the blinds, recommended shades made with
SilverScreen-backed solar fabric (shades with a thin layer of aluminum), which would cost about
$355 per window. In a gray color similar to the Tower’s existing shades, SilverScreen fabric would
provide an R-value of 1.43 and an SHGC of about 0.14." Hunter Douglas’ Architella Honeycomb
shades can achieve very high R-values® and a SHGC of 0.15 (with a 0.76 window), but would cost
around $600 per window.

A rough calculation from Restorhaus, a Lubbock-based construction firm with experience in
working with historic windows, estimates that refurbishing the windows will cost about $1,600 per
window. Unless the windows are replaced, this work will need to be carried out under any
scenario. According to Restorhaus estimates, upgrading the glazing from the existing plate glass to a
laminated low-e coated assembly would cost an additional $1,045 per window.’ Including
installation, adding interior magnetic storms (furnished by Allied Window) would cost about $255
per window, going up to $292 if the storm was coated with a low-e coating. Magnetic storms that

include a sliding mechanism to allow for ventilation would cost about $283 per window with

! According to technical data, which measures these values in conjunction with “high performance glazing;” shades paired
with Tower’s windows would achieve less dramatic results. Source: http://www silverscreen-fabrics.com/index/3/technical-
data.

? According to project literature, these shades provide a total R-value of up to 7.86, including a double-glazed, low-e coated
window assembly with an R-value of 3.5; the total R-value for the Tower’s single-glazed windows would be lower. Source:
http://www.hunterdouglas.com/starter-guide-advantage-energy-efficiency.jsp.

? These figures were provided in a “back of the envelope” estimate and may vary from actual cost.
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annealed glass, and $320 with low-e glass.

Replacement would be significantly more expensive. Replacement steel windows, furnished
by Hope's and designed to match the Browne design exactly, fitted with insulated glass, would cost
about $6,600 per window, including installation and removal of the old units. If the replacement
units were fixed but resembled the original design from the exterior, the cost would be about $5,142
per window.

The information about potential benefits and drawbacks for these treatments from Part Il
will be synthesized with the costs presented in this section to make a recommendation for treatment

in the next chapter.
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Conclusions

There are perhaps three principal categories into which project philosophies may fall: those
first and foremost concerned with preservation, those primarily motivated by economics, and a third
category, preservation-focused projects with strong economic concerns. This categorization is not to
say that preservation-driven projects may not also have energy efficiency and cost savings as a sub-
goal, but projects in this first group are distinguished by their primary allegiance to preservation and
maintaining historic appearances.

Preservation-focused projects generally involve National Register-eligible properties which
are federally-owned or seeking federal funding. Projects in this group will adhere to the Secretary’s
Standards, which are not especially accommodating of energy efficient upgrades. Windows may
only be replaced if they are beyond repair, and must be replaced in-kind, unless doing so would not
be economically feasible. If windows are repairable, recommended energy-saving upgrades are
limited to storm windows and shading devices (which also must not compromise the historic
appearance).

Economics-focused projects are generally properties that would not be eligible for the
National Register, or are not federally owned or seeking federal tax credits. If preserving the
appearance of the property is not important to the owner/community, or if the windows are not
character-defining features, project decisions may be made solely on cost. Economic considerations
here include weighing the cost of the treatment, maintenance, as well as energy savings. Decisions
for projects in this category may be made without regard for the historic appearance of the building
or preserving historic materials or features.

The third, hybrid, category comprises projects which are important to preserve, but are not
limited in their treatment options by the Secretary’s Standards. This means that projects in this group
are free to refurbish units with a more invasive method (for example, insulated glass in modified

frames). Additionally, a project team may consider replacement, even if the existing units are not
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beyond repair. In this category, replacement may also include substitute materials or assemblies that
do not precisely match the original design (for example, windows that appear the same as original,
operable units on the exterior, but are non-operable or operate with a different mechanism). While a
primary goal is monetary savings, design selections will also be sensitive to the historic appearance
when possible.

The decision tree on the next page provides a map for identifying the appropriate treatment
options based on project facts and objectives. Considering the Tower, which is likely National
Register-eligible, but not federally owned or (currently) seeking federal funding, the decision moves
to the value of preserving the building in the community. Assuming that the preservation of the
appearance and integrity of the Tower is important to all, and considering that the windows are
indeed character-defining features, the treatment options for the Tower project arrive in the

preservation-focused but economically-minded hybrid category.
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Are the windows
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Is energy
savings a goal?

Is using same
kind of material
economically
feasible?

Figure 12.1. Decision tree for window treatment strategy and options developed by the author.
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Treatment Possibilities for the Tower

The Tower project falls into the third, hybrid category. The university will likely not be
required to adhere to the Secretary’s Standards by law, and though decisions are sure to be sensitive
to the building, the university is free to consider a larger range of options. As the Tower is an
especially important landmark, while considering economics, the treatment will also value
preservation. The options for the Tower, considering all possibilities, include the following, first
listed in Chapter Seven (when items 6-9 were eliminated based on physical specifications and
performance). The remaining possibilities will now be analyzed, along with their cost.

1. Refurbish (necessary in any scenario except replacement)

2. Utilize existing shades

[S8)

Upgrade shades with low-e foil or other solar properties

4. Add low-E coated laminated or plate glass in existing frames

5. Add magnetic interior storms

7 Ade-piggy-back-panels

8. Aded-exteriorstorms

10. New steel frames with 1G and/or low-E; match appearance & operation

11. New aluminum frames with IG and/or low-E; match appearance & operation

12. New steel frames with IG and/or low-E; match appearance but not operation

13. New aluminum frames with |G and/or low-E; match appearance but not operation

Refurbishing the units, which would include removing corrosion products, repainting,

applying new sealant, and installing new weatherstripping, is necessary in any scenario except for
replacement. Moving in order of least invasive to most invasive, the above options will be evaluated

for their applicability to the Tower as well as benefits and drawbacks.
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The existing shades do not feature any special solar properties, but even so, offer thermal
benefits when drawn. The least invasive (and least expensive) option would be to simply utilize the
existing shades. Currently, as office workers occupy much of the Tower spaces, drawing the shades
in the daytime would eliminate natural light, which could have implications for productivity and
may trigger increased energy usage to compensate for the loss of lighting source. Installing new
roller shades that do have solar properties would increase the insulating power of the shades, which
could reduce energy use, but would also involve a significant investment to replace shades that are
in excellent condition, and would have the same drawbacks as the existing shades.

Replacing the existing glass with low-e coated glass would reduce the heat gain that the
units experience, though perhaps not by much. A film has been applied to the existing windows on
the west facade in the past few years; therefore, the side of the building that is most vulnerable to
heat gain has already been addressed with a treatment that has many more years remaining in its
service life. Replacing the film-coated windows with low-e coated windows would improve the
SGHC from approximately 0.36 to 0.28," which may not be worth the cost. Another alternative
would be to replace the plate glass with laminated low-e glass. Besides providing a low-e coating,
laminated glass provides better insulating properties to mitigate heat loss in the winter. Laminated
low-e glass offers a U-value of 1.0 (compared to the estimate of 1.19 for the existing and 0.94 for
the windows already coated with a film).” Both plate glass and laminated glass with low-e coatings
could be installed in the existing frames of the Tower windows without modification, an undeniable
benefit both for cost/labor as well as preserving historic materials. If the cost proves to be over
$1,000 per window (as Restorhaus has estimated), however, adding the laminated low-e may never
pay for itself in energy savings over the already relatively efficient film-coated windows.

Magnetic interior storms offer a considerable improvement in U-values at a relatively low

! Calculated from WINDOW; AGC Glass Co. Ti-AC 23 soft coat Low-E glass, 1/8” thickness.
? Based on product specifications for Cardinal Glass laminated Low-E glass, 1/4” thickness.
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cost. The sliding option also provides ventilation if desired, and is only slightly more expensive.
Though Texas is primarily a cooling climate, the storm windows would still improve energy
efficiency. Additionally, even if the units are refurbished, the interior storm will significantly reduce
air-infiltration for further savings. A return-on-investment analysis suggests that the Allied Window
low-e coated magnetic storms have a payback period of less than 3 years.’

Replacement windows should be considered if units are beyond repair, or if the energy
savings will justify the cost. The windows of the Tower are fortunately not beyond repair. In the case
of the Tower, the energy-saving benefits that replacement windows offer are thermally-broken
frames and the capability to hold insulated glass. All other treatments could be accommodated with
the existing units. According to the WINDOW software, a double casement window with single
pane clear glass and thermally broken aluminum frames offer a total-window U-value of 1.0, while
unbroken frames offer a value of 1.19. The steel windows of the Tower conduct heat less readily
than unbroken aluminum frames, further narrowing the gap. As storm windows offer similar U-
values to insulated glass, installing replacement windows for the marginal increase in U-value does
not make sense at more than three times cost. Additionally, replacement windows mean the loss of
historic material, and potentially, a subtly different appearance.

Of course, refurbishing the windows and spandrel panels will be a necessity in conjunction
with any of the options discussed above, except replacement. Investigating further the severity and
pervasiveness of corrosion should be a first priority. Special attention should be paid to the
possibility of hidden corrosion and moisture penetration behind the spandrel panels. In order to
assess whether currently unseen corrosion is present, nondestructive methods of evaluation should
first be exhausted. Evaluation of material thickness can be useful in detecting uniform corrosion;

ultrasonic technology is typically used for this approach. The use of a boroscope may also provide

* This payback period was calculated using a formula provided by Allied Window (available on their website), which
appeared to have reasonable inputs and was customizable to the Tower’s existing units and the climate of Austin.
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further information about the conditions behind the spandrel panels. Unlike uniform corrosion,
localized corrosion is not easily detected by nondestructive thickness measurement and typically
requires direct inspection of the corrosion surface. For the Tower, this will likely require disassembly
of a panel. In this case, it may be appropriate to take a sampling of a few panels, perhaps those that
are most likely to have corrosion damage. Hidden corrosion and its sources must be ruled out or
addressed before any other treatment can take place. The restoration of the cast iron spandrel panels
should also be coordinated with the refurbishment of the windows.

Following further investigation into the assembly and condition of the spandrel panels, |
recommend that the university move forward in obtaining official price quotes, modeling, testing
and mock ups for 1) adding interior magnetic storms (low-e coated for all fagades but the west,
which already has a coating on the primary window), 2) installing low-e coated glass in the existing
frames, 3) installing low-e coated laminated glass in the existing frames, and 4) replacing the
windows with thermally broken aluminum units which replicate the appearance of the original
(simply for comparison).

| believe that considering cost and performance, installing interior storm windows may be
the best option. Installing new, low-e coated glass (laminated or otherwise) should be considered
carefully. Low-e coatings would be most effective on the west facade, which has already been
treated with a film that offers respectable performance and has many remaining years of service life.
The university should consider waiting until a more definitive plan is in place for the use of the
Tower before investing in new glazing. If the space is destined to become storage space, the existing
roller shades can be used to significantly improve thermal performance.

Determining the appropriate treatment for windows of historic buildings is a complex task
that requires analyzing not only specific information about the building and its windows but also
considering project objectives, including preservation and sustainability values. This thesis provides

a map for collecting the information necessary to make a guided, informed selection. Once armed
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with the pertinent data and consensus on preservation and sustainability policies, the decision tree
offers guidance on selecting a treatment philosophy, which can then be used to narrow the options.
| have included treatments for historic windows that are not specifically endorsed by the Secretary’s
Standards but address energy efficiency while also respecting historic integrity. | hope that pursuing
such options may help preservationists and sustainability advocates find common ground in the

treatment of historic windows.
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