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INTRODUCTION�TO�WINDOWS�AT�THE�MINNESOTA�STATE�CAPITOL:1�

The�Minnesota�State�Capitol,�designed�by�architect�Cass�Gilbert,�originally�had�two�hundred�forty�two�
exterior�wood�windows�in�the�building�façade.��Historically,�there�were�two�hundred�thirty�three�
double�hung�windows,�six�fixed�windows,�and�three�in�swinging�casement�windows.��These�numbers�
exclude�the�drum�windows,�skylights,�French�doors,�and�interior�windows.�

The�original�double�hung�windows�
utilized�counter�weights,�pulleys,�and�
chains�on�the�upper�and�lower�sashes,�
allowing�operability�of�each�sash.��Each�
window�was�designed�with�traditional�
wood�components�including�brick�molds,�
blind�stops,�sash�channels,�parting�stops,�
interior�stops,�sills,�stools,�interior�casings,�
and�a�weight�pocket�on�each�side�of�the�
sash.��The�upper�sashes�utilize�ogee�(or�
O.G.)�lugs�at�the�lower�rails.��Figure�1�
illustrates�the�typical�components�of�a�
historic�wood�double�hung�window.2��The�
Minnesota�State�Capitol�original�windows�
have�all�of�the�basic�components�
illustrated�in�figure�1�except�vertical�
muntins,�which�were�not�required�
because�glass�technology�at�the�time�had�
sufficiently�advanced�to�allow�larger�
panes�of�glass�while�maintaining�
structural�integrity.��The�exact�profiles�
and�dimensions�illustrated�in�this�figure�
are�not�representative�of�those�at�the�
Minnesota�State�Capitol.��

� �

������������������������������������������������������������
1�Information�presented�in�the�introduction�was�obtained�from�a�review�of�Cass�Gilbert’s�original�architectural�
drawings,�original�specifications,�and�replacement�aluminum�window�drawings.��Refer�to�Appendix�A,�Exhibits�1�
and�2�for�the�drawings�and�Exhibit�4�for�the�specifications.��These�findings�were�verified�during�the�field�
investigation.�
2�Brent�Hull,�Historic�Millwork:�Historic�Millwork:�A�Guide�to�Restoring�and�Re�creating�Doors,�Windows,�and�
Moldings�of�the�Late�Nineteenth�through�Mid�Twentieth�Centuries�(Hoboken:�Wiley�&�Sons,�Inc.,�2003),�50.�

Figure�1:��Typical�components�of�a�historic�wood�window�
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Windows�Types:�

There�are�seventeen�different�window�
types.��The�windows�range�in�shape�from�
rectangular�to�square�to�circular�and�to�
rectangular�with�arch�tops.��The�smallest�
window�assembly�type�is�4’�0”�by�4’�0”�
(Type�Q)�and�the�largest�window�
assembly�type�is�11’�0”�by�5’�6”�(Type�D).��
Figure�2�illustrates�the�types,�sizes,�and�
quantities�of�windows�at�the�Minnesota�
State�Capitol.���

Storm�Windows:�

Storm�windows�were�included�in�the�
original�specifications�by�Cass�Gilbert,�but�
were�only�intended�for�use�during�the�
winter�months.��Historic�photos�confirm�
that�they�were�used�during�the�winter�
and�removed�during�the�summer�for�
many�years.��The�storm�windows�were�
not�used�after�the�aluminum�window�
replacement�project�that�occurred�
between�1973�and�1974,�except�on�the�
original�windows�at�the�Attorney�General’s�
office,�which�are�still�in�place�today�and�
currently�remain�in�place�year�around�(see�figure�3).��The�storm�windows�utilized�muntins�in�a�six�over�
six�configuration�and�had�a�single�operable�sliding�light�at�each�storm�window.��

In�1935�and�1936,�the�original�windows�were�repaired�and�refinished,�although�the�extent�of�these�
repairs�is�not�known.��Also,�ninety�glazed�storm�windows�were�built�and�installed�at�this�time3.��Whether�
these�ninety�storm�windows�were�new�or�replacements�is�unknown.�

Although�the�original�wood�windows�required�periodic�maintenance,�they�lasted�for�over�seventy�years�
before�being�replaced.��Based�on�the�good�condition�of�the�two�original�windows�in�the�Attorney�
General’s�office,�replacement�of�the�original�windows�may�have�been�premature.��Historic�
documentation�regarding�the�reasons�for�the�replacement�of�the�original�wood�windows�has�not�been�
discovered.

������������������������������������������������������������
3�Existing�Historical�Documentation:��“The�Saint�Paul�Daily�News,�January�22,�1936”�and�“The�Saint�Paul�Dispatch,�
November�19,�1936”�and�“The�Saint�Paul�Dispatch,�September�9,�1937.”�

Figure�2:��Window�type�legend�for�the�Minnesota�State�Capitol.��
See�enlarged�Window�Type�Legend�in�this�report.�
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Figure�3:��Storm�windows�currently�
installed�at�the�Attorney�General’s�office�

Figure�4�(right):��Original�Cass�Gilbert�details�
for�window�Type�A.��This�detail�is�fairly�typical�
of�the�double�hung�windows.��See�Appendix�A�
for�additional�information�
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EXISTING�CONDITIONS:�

All�but�four�of�the�original�wood�windows�were�replaced�
with�the�current�aluminum�windows�between�1973�and�
1974.4���

Remaining�Wood�Windows:�

The�two�windows�in�the�Attorney�General’s�office�and�the�
two�windows�in�the�Governor’s�office�have�not�been�
replaced�with�aluminum�windows.��The�two�windows�in�the�
Attorney�General’s�office�are�original�sash�and�frame�and�
are�in�good�condition.��The�historic�hardware�is�intact�and�
operating�effectively,�including�the�weights,�chains,�and�
pulleys.��Figures�5,�6,�and�7�are�photos�of�the�original�wood�
windows�in�the�Attorney�General’s�office.��Refer�to�
Appendix�B�Exhibit�2�(page�97)�for�additional�photos.��The�
two�windows�in�the�Governor’s�office�are�original�frame�and�
a�replacement�wood�clad�steel�sash�for�incorporating�
ballistic�laminated�glass�(see�figures�8�and�9).��Refer�to�
Appendix�B�Exhibit�3�(page�101)�for�additional�photos.�

Although�only�these�two�original�wood�sashes�and�four�
original�frames�remain�visible,�temporary�removal�of�six�
aluminum�windows�during�the�field�investigation�revealed�
that�the�original�wood�frames�still�exist�beneath�the�
aluminum�frames.��The�original�frames�are�in�overall�good�
condition�with�minor�deterioration�and�some�damage�
incurred�during�the�installation�of�the�current�aluminum�
replacement�windows.��The�conditions�are�such�that�
repairing�the�existing�frames�is�feasible.�The�field�
investigation�confirmed�that�the�original�window�sashes,�
sills,�brick�molds,�and�concealed�frame�components�are�old�
growth�pine�wood.5��Exterior�surfaces�exposed�to�the�
elements�were�primed�and�painted.��The�original�exterior�
paint�on�the�windows�appears�to�be�a�dark�color,�which�is�
confirmed�by�historic�photos.��The�specific�color�will�need�to�be�established�by�expert�analysis.�

������������������������������������������������������������
4�In�addition,�there�are�two�non�original�wood�windows�in�a�brick�wall�beneath�the�east�entry�stair�currently�
serving�HVAC�functions.��These�two�windows�are�not�in�the�scope�of�this�project.�

�
5�The�exact�species�of�these�woods�has�not�been�identified.�

Figures�5,�6,�&�7:��Original�wood�window�
sashes�and�frames�at�the�Attorney�General’s�
office�
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The�original�interior�wood�casings,�stools,�and�stops�still�exist�
at�all�window�locations.��These�components�are�primarily�
oak�wood,�except�at�the�Governor’s�suite�where�they�are�
mahogany.6��Interior�surfaces�are�stained�and�varnished.���
The�stains�vary�between�two�shades�(light�or�dark)�by�
location,�most�likely�resulting�from�multiple�renovations.��
Generally�speaking,�the�stops�and�stools�are�in�good�
condition,�although�some�will�need�to�be�replaced�as�
splitting�or�breaks�are�evident�at�certain�locations.��In�some�
cases,�the�finishes�on�stops�and�stools�have�been�damaged�
by�users�(water�damage�from�planters�for�instance),�and�
refinishing�will�be�required.���

Existing�Aluminum�Replacement�Windows:�

The�current�aluminum�replacement�windows�in�two�hundred�
and�thirty�eight�of�the�original�openings�were�installed�
between�1973�and�1974.��The�manufacturer�of�the�windows�
is�no�longer�in�business.��The�windows�are�thermally�broken�
double�glazed�windows.��It�is�difficult�to�predict�a�u�value�
based�on�their�age.��Modern�performance�standards�
established�by�the�American�Society�of�Heating�Refrigeration�
and�Air�conditioning�Engineers�(ASHRAE)�would�suggest�a�u�
value�for�this�type�of�assembly�at�roughly�0.581�and�a�solar�
heat�gain�coefficient�(SHGC)at�roughly�0.64.7��This�SHGC�
does�not�meet�the�0.49�value�required�on�the�north�facade�
nor�does�it�meet�the�0.39�required�on�the�east,�south,�and�
west�facades.8��It�is�highly�likely�given�their�age�that�these�
windows�are�performing�at�a�lower�level�than�suggested�by�
modern�ASHRAE�standards.��The�State�currently�has�no�plans�
to�test�the�performance�of�the�existing�windows.��The�lower�
performance�can�be�attributed�to�age�related�wear�including�
the�deterioration�of�seals,�gaskets,�and�an�outdated�thermal�
break�design�utilizing�a�larger�area�for�conducting�thermal�
transfer�when�compared�to�the�standard�poured�and�

������������������������������������������������������������
6�The�exact�species�of�these�woods�has�not�been�identified.�
7�American�Society�of�Heating�Refrigeration�and�Air�Conditioning�Engineers�(ASHRAE),�2005�ASHRAE�Handbook,��
Fundamentals�(Atlanta:�ASHRAE,�2005).�
8�State�of�Minnesota�Department�of�Labor�and�Industry,�Minnesota�State�Commercial�Energy�Code:�Chapter�1323,�
2009�(Office�of�the�Revisor�of�Statutes,�State�of�Minnesota),�Table�5.5�6.�

Figure�10:��Original�wood�frame�revealed�
after�removing�the�current�aluminum�frame�
and�panning.��The�existing�frames�are�in�
relatively�good�condition�and�are�capable�of�
being�repaired.��See�Appendix�B�for�
additional�photos.�

Figures�8�&�9:��Ballistic�glazing�in�a�steel�frame�
clad�with�wood�at�the�Governor’s�Original�
Office

Preliminary Planning Phase Conclusions - Second Revision, September 11th, 2012 Page | 7



�

+

debridged�or�polyamide�thermal�breaks�used�in�modern�
applications.9�

The�annual�energy�costs�associated�with�the�current�
aluminum�windows�is�estimated�at�$76,408�for�heating�loads�
and�$3,173�for�cooling�loads�totaling�$79,581.��Refer�to�the�
Energy�Calculation�in�this�report�(page�39)�for�additional�
information�on�the�energy�performance�of�the�existing�
windows.�

The�current�aluminum�windows�are�historically�inaccurate�in�
terms�of�interior�and�exterior�materials,�frame�and�sash�
dimensions,�frame�and�sash�profiles,�and�the�use�of�an�
anodized�bronze�finish�that�lacks�the�appearance�and�patina�
of�true�bronze.��In�addition,�they�reduce�the�daylight�opening�
of�the�original�wood�windows�because�they�were�installed�
within�the�original�frame�opening�rather�than�the�original�
rough�opening.��

The�aluminum�windows�have�not�been�maintenance�free.��In�
1989,�windows�throughout�the�entire�building�were�repaired�
and�weather�stripped,�but�the�scope�of�these�repairs�was�not�
found�in�existing�documentation.10��Some�aluminum�
windows�have�been�retrofitted�with�plexiglass�barriers�on�
the�interior�side�of�the�window,�presumably�for�preventing�
drafts�(see�figure�11).��

Although�a�majority�of�the�current�aluminum�windows�are�in�
fair�condition,�there�is�strong�evidence�for�incremental�
failure.��The�aluminum�windows�are�showing�considerable�
weathering�and�wear,�including�frame/sash�corrosion,�
chalking,�fading�anodized�finishes,�migrating�glazing�unit�
seals,�weather�stripping�failure,�and�damaged�frame/sash�
components.��Figure�12�illustrates�the�failure�of�weather�
stripping�occurring�at�some�locations.��Total�failure�of�the�
insulated�glazing�unit�is�evident�in�rare�instances�as�
illustrated�in�figure�13,�and�is�characterized�by�the�presence�
of�moisture,�fogging,�and�rust�inside�the�glazing�unit.��During�
the�field�investigation,�the�maintenance�staff�indicated�that�

������������������������������������������������������������
9�See�Appendix�A,�Exhibit�2�for�replacement�window�thermal�break�configuration.�
10�Existing�Historical�Documentation:��“Information�provided�by�Plant�Management�Division�at�the�Minnesota�State�
Capitol.”�

Figure�11:��Plexiglass�barrier�installed�on�
interior�side�existing�aluminum�window,�
likely�for�preventing�drafts�

Figure�12:��Failure�of�weather�stripping�at�
existing�aluminum�window�

Figure�13:��Failure�of�insulated�glazing�unit�
at�existing�aluminum�window�
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they�received�complaints�that�the�windows�are�performing�poorly�thermally,�allowing�excessive�air�
infiltration�and�drafts.��The�aluminum�windows�are�thirty�eight�years�old�and�at�the�end�of�their�
expected�lifespan.� �

Preliminary Planning Phase Conclusions - Second Revision, September 11th, 2012 Page | 9



�

+

WINDOW�REPLACEMENT�OPTIONS:11�

Intent�and�Criteria:�

After�much�research�and�discussion,�the�project�team�has�narrowed�down�replacement�window�options�
to�four�main�types.��The�replacement�options�are�as�follows:�

1) Aluminum�window�system:��This�system�is�characterized�by�new�aluminum�frames�and�new�
aluminum�sashes.��New�exterior�aluminum�extrusions�would�be�required�to�bridge�between�the�
exterior�stone�and�the�new�window�frame.��This�system�would�be�installed�over�the�original�
wood�frames�and�would�allow�the�original�frames�to�remain�intact�and�concealed�for�future�
historic�restoration�efforts.��This�system�would�utilize�modern�operating�hardware,�such�as�
spring�balances�or�block�and�tackles.�

2) Aluminum�clad�wood�window�system:��This�system�is�characterized�by�new�wood�frames�clad�in�
aluminum�on�the�exterior�faces�and�new�wood�sashes�clad�in�aluminum�on�the�exterior�faces.��
New�exterior�aluminum�extrusions�would�be�required�to�bridge�between�the�exterior�stone�and�
the�new�window�frame.��This�system�would�be�installed�over�the�original�wood�frames�and�
would�allow�the�original�frames�to�remain�intact�and�concealed�for�future�historic�restoration�
efforts.��This�system�would�utilize�modern�operating�hardware,�such�as�spring�balances�or�block�
and�tackles.�

3) Replica�aluminum�clad�wood�sash�replacement�and�original�frame�restoration:��For�this�system,�
the�original�wood�frames�would�be�restored�and�exposed�on�the�interior�but�clad�with�aluminum�
on�the�exterior.��New�wood�sashes�would�be�provided�with�the�wood�exposed�on�the�interior�
but�clad�with�aluminum�on�the�exterior.��This�system�would�utilize�historic�operating�hardware,�
such�as�weights,�chains,�and�pulleys.��Refer�to�the�drawings�in�Appendix�C�Exhibit�1�(page�119)�
for�an�example�of�a�project�utilizing�this�type�of�system�(Northrop�Hall�at�the�University�of�
Minnesota).�

4) Replica�wood�sash�replacement�and�original�frame�restoration:��This�all�wood�system�is�
characterized�by�restoring�and�utilizing�the�original�historic�wood�frames,�adding�new�wood�
sashes,�and�restoring�the�original�historic�wood�brick�molds.��This�system�would�utilize�historic�
operating�hardware,�such�as�weights,�chains,�and�pulleys.���

These�options�will�be�evaluated�and�keyed�on�the�following�basis:�

�� Historic�accuracy:��This�is�the�ability�of�the�window�assembly�to�match�the�original�materials,�
profiles,�dimensions,�sight�lines,�daylight�opening,�hardware,�and�operating�mechanisms.��This�
set�of�criteria�is�based�on�the�Secretary�of�the�Interior’s�Standards�for�the�Treatment�of�Historic�
Properties�(see�Appendix�D�Exhibit�3�on�page�181).��In�particular,�the�following�paragraphs:���

������������������������������������������������������������
11�Unless�noted�otherwise,�the�options�discussed�in�this�section�contain�information�gathered�from�1)�speaking�
with�various�window�and�glazing�manufacturers,�and�2)�professional�experience�and�post�occupancy�research�
regarding�the�actual�performance�of�window�systems�and�their�components.��The�evaluations�of�the�selected�
options�convey�our�professional�judgment.�
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Recommended:�

Repairing�window�frames�and�sash�from�the�restoration�period�by�
patching,�splicing,�consolidating�or�otherwise�reinforcing.��Such�repair�
may�also�include�replacement�in�kind—�or�with�compatible�substitute�
material—of�those�extensively�deteriorated�or�missing�parts�when�there�
are�surviving�prototypes�such�as�architraves,�hoodmolds,�sash,�sills,�and�
interior�or�exterior�shutters�and�blinds.�The�new�work�should�be�
unobtrusively�dated�to�guide�future�research�and�treatment.�
Replacing�in�kind�a�window�feature�from�the�restoration�period�that�is�
too�deteriorated�to�repair�using�the�same�sash�and�pane�configuration�
and�other�design�details.��If�using�the�same�kind�of�material�is�not�
technically�or�economically�feasible�when�replacing�windows�
deteriorated�beyond�repair,�then�a�compatible�substitute�material�may�
be�considered.�The�new�work�should�be�unobtrusively�dated�to�guide�
future�research�and�treatment.12�

�
�� Durability:��This�is�the�ability�of�the�window�assembly�to�maintain�high�performance�by�

minimizing�the�impacts�of�environmental�conditions�such�as�climate,�ultra�violet�radiation,�and�
building�occupants.��Durability�is�discussed�with�the�assumption�that�the�maintenance�
requirements�of�each�system�are�followed.�

�� Initial�Cost:�The�estimated�initial�cost�of�each�window�system�is�based�upon�historical�cost�data�
involving�the�costs�of�such�window�systems�at�other�state�capitols�and�cost�information�
provided�by�manufacturers.��Removal�of�the�existing�aluminum�windows,�installation�of�new�
windows,�and�abatement�of�asbestos�sealant�and�lead�based�paint�is�incorporated�as�
appropriate�for�each�option.��A�contingency�of�roughly�25%�is�also�included.��This�is�a�conceptual�
and�comparative�estimate,�and�is�subject�to�change�as�the�design�phases�unfold.�

�� Life�Cycle�Cost:��The�life�cycle�cost�of�each�window�system�is�estimated�for�a�one�hundred�year�
period�based�upon�the�initial�cost,�the�cost�of�regular�maintenance,�the�cost�of�energy,�and�the�
cost�of�replacement�systems.��This�is�an�estimate,�and�is�subject�to�change�as�more�definitive�
information�is�collected.��Refer�to�the�Life�Cycle�Cost�Analysis�in�this�report�(page�43)�for�a�list�of�
assumptions�and�costs.�

�� Lifespan:��The�lifespan�estimated�for�each�window�system�assumes�the�typical�performance�of�a�
high�quality�system.��This�estimation�is�based�upon�professional�experience�and�judgment�since�
such�information�is�not�published.�

	� Ease�of�Customization:��Window�systems�permit�various�degrees�of�customization�depending�on�
materials,�manufacturing�capabilities,�and�cost.�

������������������������������������������������������������
12�US�Department�of�the�Interior,�Guidelines�for�Preserving,�Rehabilitating�Restoring�&�Reconstructing�Historic�
Buildings�(Washington,�DC:��Library�of�Congress�Cataloging�in�Publication�Data,�1995),�138.�
�
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� Warranty�Period:��The�warranty�period�and�specific�items�covered�under�the�warranty�for�any�
window�system�will�vary�by�manufacturer.��The�periods�indicated�in�this�section�reflect�known�
warranty�periods�based�on�specific�manufacturers.��This�is�subject�to�change�as�the�design�
phases�unfold.�

�� Maintenance:��The�general�maintenance�requirements�of�each�window�system�are�indicated.��
The�costs�associated�with�the�maintenance�requirements�for�each�option�are�included�in�the�Life�
Cycle�Cost�Analysis�portion�of�this�report�(page�43),�except�for�those�requirements�which�are�
shared�among�all�the�window�options.���These�shared�requirements�include�window�washing,�
replacing�sealants,�and�replacing�weather�stripping.��Since�they�are�the�same�for�each�option,�
their�costs�have�not�been�added�to�the�comparative�maintenance�costs.�

�� Thermal�Performance:��Thermal�performance�is�based�on�u�values�and�shading�coefficients,�
both�of�which�have�established�energy�code�minimums.��Annual�energy�costs�indicated�
represent�the�total�cost�for�heating�and�cooling.��This�information�is�general,�reflects�impacts�of�
the�frame�material,�assumes�glazing�unit�composition�among�the�window�options�is�equal,�and�
incorporates�ASHRAE�standards.��This�is�an�estimate,�and�is�subject�to�change�as�the�design�
phases�unfold.�

Custom�Products�versus�Commodity�Products:�

Past�discussions�regarding�replacement�options�at�the�Minnesota�State�Capitol�involved�a�distinction�
between�custom�window�products�and�commodity�window�products.��Ideally,�a�custom�window�involves�
the�ability�to�generate�any�window�size,�any�frame�dimension�or�profile,�any�stile�dimension�or�profile,�
any�rail�dimension�or�profile,�any�hardware�components,�any�brick�mold�and/or�other�trim�dimension�or�
profile,�and�any�other�window�component.��On�the�other�hand,�a�commodity�window�product�is�a�
standard�stock�window�that�is�mass�produced�and�allows�for�little�or�no�customization.��In�actuality,�
most�windows�on�the�market�are�somewhere�in�between�these�two�extremes.��Therefore,�it�is�very�
difficult�to�articulate�the�distinction�between�a�custom�window�and�a�commodity�window�without�
explaining�every�custom�component�as�well�as�every�commodity�component�involved.��The�fine�line�
between�custom�and�commodity�may�not�be�immediately�evident.��Further�complicating�this�distinction�
is�that�every�major�window�manufacturer�has�differing�custom�and�commodity�options.�

The�distinction�between�these�types�of�products�within�the�window�options�has�been�eliminated�in�this�
report�for�two�reasons.��First�is�the�inherent�confusion�and�inability�to�compare�differing�custom�or�
commodity�options�on�a�one�to�one�basis,�as�explained�above.��Second�is�the�fact�that�our�discussions�
with�various�window�manufacturers�regarding�“pure”�commodity�products�revealed�that�they�are�not�
capable�of�achieving�the�basic�performance�needs�of�windows�at�the�Minnesota�State�Capitol,�including�
structural�requirements,�size�requirements,�sash�operation�requirements,�and�aesthetic�requirements.��
Therefore,�any�solution�for�the�windows�in�this�project�will�require�a�customized�window�assembly.��The�
manufacturers�involved�will�likely�be�those�who�specialize�in�high�profile�projects�that�have�
extraordinary�requirements,�those�who�are�able�to�provide�high�performing�products�that�meet�these�
needs,�and�those�who�have�prior�experience�with�similar�scopes�of�work.
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Option�1:��Aluminum�Windows:�

Introduction:�

Aluminum�windows�became�popular�after�World�War�II�as�a�
cheaper,�non�corroding�alternative�to�steel�windows.13��They�
also�required�less�maintenance�than�painted�wood�windows.��
Standard�aluminum�windows�tend�to�have�rectangular�
modern�profiles.��Although�aluminum�windows�are�available�
as�single�hung�and�double�hung�windows,�they�achieve�this�
function�via�spring�balances�rather�than�traditional�weights�
and�pulleys.��Aluminum�profiles�can�be�rolled�or�extruded,�
although�extruded�shapes�are�preferred�for�their�structural�
rigidity,�improved�durability,�and�ability�to�accurately�create�
historic�profiles.��Custom�extrusions�can�be�ordered�to�match�
desired�historic�qualities14.��Modern�aluminum�windows�
usually�receive�a�baked�on�fluoropolymer�finish.��These�
finishes�exhibit�excellent�resistance�to�weathering�and�will�
last�up�to�twenty�five�years�with�a�good�three�coat�system.��
Anodizing�is�another�finish�option�that�will�provide�long�term�
durability,�except�the�finish�will�fade�over�time�and�cannot�be�
field�re�anodized.��Aluminum�window�frames�are�generally�mechanically�fastened�at�head,�jamb,�and�sill�
joints,�and�are�weatherproofed�with�sealants�or�gaskets�at�seams.�

Advantages:���	
��

�� Durability:��The�durability�of�an�aluminum�window�system�is�very�good.��They�are�corrosion�
resistant�and�will�perform�well�over�two�or�three�decades�even�if�regular�maintenance�
inspections�are�not�scheduled�or�budgeted.�

�� Initial�Cost:��The�initial�cost�of�a�high�quality�aluminum�window�system�is�estimated�at�$6,020�
per�window.��

	� Ease�of�Customization:��The�ability�to�create�custom�dimensions�and�profiles�varies�among�
manufacturers.��Custom�dimensions�and�profiles�for�frames,�stiles,�and�rails�are�possible;�
however,�they�are�not�readily�available�as�they�involve�creating�custom�dies�on�case�by�case�
basis.��The�scarcity�of�manufacturers�offering�fully�custom�aluminum�windows�may�lead�to�
difficulty�in�selecting�truly�equal�manufacturers.��Radius�sections�are�harder�to�accommodate�
and�a�thinner�gauge�of�aluminum�must�often�be�used�so�that�the�profile�can�be�rolled�to�the�
correct�radius.�

������������������������������������������������������������
13�National�Park�Service�US�Department�of�the�Interior,�The�Repair�and�Upgrading�of�Historic�Steel�Windows�
(Washington,�DC:�1984).�
14�Nik�Vigener�and�Mark�Brown,�“Building�Envelope�Design�Guide�–�Windows,”�National�Institute�of�Building�
Sciences,��http://www.wbdg.org/design/env_fenestration_win.php.�
�

Figure�14:��Aluminum�window�by�St.�Cloud�
Window�Company�
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� Warranty�Period:��A�typical�frame�warranty�is�ten�
years.��A�typical�glass�warranty�is�ten�years.��A�typical�
exterior�finish�warranty�for�a�three�coat�
fluoropolymer�finish�is�between�ten�and�twenty�
years.��A�typical�exterior�finish�warranty�for�an�
anodized�finish�is�five�years.�15�

�� Maintenance:��Exterior�refinishing�is�recommended�
every�ten�years�after�the�first�twenty�five�years�using�
a�field�applied�fluropolymer�to�maintain�high�level�
performance�and�aesthetics.��This�generally�requires�
a�specially�trained�paint�crew�familiar�with�field�
applied�fluropolymer�systems.��Inspections�are�not�
required�for�this�type�of�window,�but�may�be�
beneficial�if�the�windows�utilize�security�systems.��
Interior�refinishing�is�not�required.��If�the�insulated�
glazing�units�fail,�they�will�be�difficult�to�replace�
without�replacing�the�entire�sash,�as�this�window�
system�is�not�generally�built�for�disassembly.��
Sealants�should�be�replaced�every�ten�to�fifteen�
years.��When�replacing�sealants,�it�is�important�to�
remove�the�existing�sealants�and�thoroughly�clean�
the�substrates�to�ensure�proper�adhesion�and�
performance�of�the�replacement�sealants.��Weather�
stripping�should�be�replaced�every�ten�years�to�
ensure�thermal�performance.��Window�washing�is�
recommended�at�least�once�per�year�but�may�be�
required�more�or�less�frequently�based�on�the�type�of�
glass�used,�the�owner’s�preferences,�and�the�amount�
of�dirt�typically�deposited�in�a�specific�microclimate.�

Disadvantages:������

�� Historic�Accuracy:��Aluminum�windows�are�not�historically�accurate�in�their�materials�and�
methods�of�operation,�such�as�the�use�of�spring�balances�or�block�and�tackles.��Although�
aluminum�window�systems�are�sometimes�used�in�historic�applications,�it�is�done�at�the�expense�
of�accurate�materials,�weights,�chains,�pulleys�and�other�hardware.��The�daylight�opening�sizes�
would�also�be�reduced�because�the�new�window�frames�would�cover�over�the�historic�wood�
frames.��In�order�to�match�the�historic�daylight�opening�dimensions,�the�historic�wood�frames�

������������������������������������������������������������
15�St�Cloud�Window,�Specifications�for�5000�Series,�http://www.stcloudwindow.com/products/technical�
specifications.�

Figure�15:��Typical�section�detail�for�an�
aluminum�window�–�by�St.�Cloud�Company�
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would�have�to�be�removed.��This�is�not�a�recommended�practice�from�a�historic�restoration�
standpoint�and�would�also�add�costs.�

�� Life�Cycle�Cost:��The�100�year�life�cycle�cost�of�a�high�quality�aluminum�window�is�estimated�at�
$17,877�per�window.��Aluminum�windows�will�likely�require�replacement�twice�over�a�100�year�
projected�time�period.�

�� Lifespan:��A�high�quality�aluminum�window�system�has�a�lifespan�of�roughly�40�years.��
Aluminum�window�systems�are�often�not�repairable�when�failure�of�components�occurs.��Many�
of�these�components�are�initially�less�expensive�than�the�more�simplistic�historic�components�
and�have�a�high�rate�of�failure.��These�failures�drive�up�the�life�cycle�cost�of�the�windows�as�
replacements�become�necessary.16��Furthermore,�if�a�glazing�unit�fails�the�entire�window�must�
be�replaced.��This�is�occurs�because�disassembly�of�the�sash�for�maintenance�is�generally�not�
possible,�as�the�sash�stiles�and�rails�are�often�welded�together�to�prevent�moisture�penetration�
at�joints�that�would�otherwise�be�vulnerable.�

�� Thermal�Performance:��Modern�aluminum�windows�with�a�thermal�break�have�an�estimated�u�
value�of�0.434�and�an�estimated�shading�coefficient�of�0.741.��The�total�annual�energy�cost�is�
estimated�at�$62,042,�which�is�24%�more�efficient�than�the�current�aluminum�windows.��

������������������������������������������������������������
16�National�Park�Service�US�Department�of�the�Interior,�Improving�Energy�Efficiency�in�Historic�Buildings�
(Washington,�DC:�GPO,�2011).�
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Option�2:��Aluminum�Clad�Wood�Windows:�

Introduction:�

Aluminum�clad�windows�were�developed�in�the�1970s�as�a�
way�to�reduce�maintenance�for�the�exterior�of�wood�
windows�while�still�providing�the�traditional�look�of�a�wood�
window�on�the�interior.17��An�aluminum�clad�wood�window�
is�a�hybrid�between�an�aluminum�window�and�a�wood�
window.��The�exterior�trim�and�panning�are�aluminum.��The�
exterior�side�of�the�sashes�and�frames�are�wrapped,�or�‘clad’,�
in�aluminum.��The�interior�frame�and�the�sashes�are�
constructed�of�wood.��Unlike�traditional�wood�windows,�the�
glass�is�generally�held�in�place�by�the�aluminum�extrusion�
and�becomes�integral�to�the�structure�of�the�window�sash.��
Aluminum�clad�wood�windows�also�typically�use�spring�balances�rather�than�pulleys,�weights,�and�chains�
for�the�operable�sashes.��Clad�aluminum�can�be�roll�formed�or�extruded�similar�to�an�all�aluminum�
window.18��Modern�aluminum�clad�wood�windows�receive�a�baked�on�fluoropolymer�exterior�finish.��
These�finishes�exhibit�excellent�resistance�to�weathering�and�will�last�up�to�twenty�five�years�with�a�good�
three�coat�system.��Anodizing�is�another�exterior�finish�option�that�will�provide�long�term�durability,�
except�the�finish�will�fade�over�time�and�cannot�be�field�re�anodized.��Interior�finishes�can�be�factory�
primed�and�painted�or�left�bare�for�field�staining.��Aluminum�window�frames�are�generally�mechanically�
fastened�at�head,�jamb,�and�sill�joints,�and�are�weatherproofed�with�sealants�or�gaskets�at�seams.�

Advantages:���
���

�� Durability:��The�durability�of�an�aluminum�clad�wood�window�system�is�very�good.��It�is�
corrosion�resistant�and�will�perform�well�over�two�or�three�decades�even�if�regular�maintenance�
inspections�are�not�scheduled�or�budgeted.�


� Warranty�Period:��A�typical�frame�warranty�is�ten�years.��A�typical�glass�warranty�is�ten�years.��A�
typical�exterior�finish�warranty�for�a�three�coat�fluoropolymer�finish�is�between�ten�and�twenty�
years.��A�typical�exterior�finish�warranty�for�an�anodized�finish�is�five�years.��A�typical�interior�
finish�warranty�for�a�factory�primed�and�painted�finish�is�five�years.�19�

�� Maintenance:��Exterior�refinishing�is�recommended�every�ten�years�after�the�first�twenty�five�
years�using�a�field�applied�fluropolymer�to�maintain�high�level�performance�and�aesthetics.��This�
generally�requires�a�specially�trained�paint�crew�familiar�with�field�applied�fluropolymer�
systems.��Interior�refinishing�is�recommended�to�occur�every�fifty�years.��But�the�limited�lifespan�
of�this�system�will�likely�mean�that�the�interior�will�never�require�refinishing.��Inspections�are�not�

������������������������������������������������������������
17�Herman�S.�Kuyper,�Patent�3,815,28�(The�United�States�Patent�and�Trademark�Office�(USPTO):�1972)�
18�Marvin�Windows,�Specifications�for�Magnum�Aluminum�Clad�Wood�Double�hung�Series,�
http://www.marvin.com/windows/magnum�double�hung�windows/sizes�performance�and�specs/.�
19�Marvin�Warranty,��Window�and�Door�Limited�Warranty,��http://www.marvin.com/windows�and�
doors/warranty/.�

Figure�16:��Aluminum�clad�wood�window�by�
Marvin�Windows�
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required�for�this�type�of�window,�but�
may�be�beneficial�if�the�windows�
utilize�security�systems.��If�the�
insulated�glazing�units�fail,�they�will�
be�difficult�to�replace�without�
replacing�the�entire�sash,�as�this�
window�system�is�not�generally�built�
for�disassembly.��Sealants�should�be�
replaced�every�ten�to�fifteen�years.��
When�replacing�sealants,�it�is�
important�to�remove�the�existing�
sealants�and�thoroughly�clean�the�
substrates�to�ensure�proper�adhesion�
and�performance�of�the�replacement�
sealants.��Weather�stripping�should�
be�replaced�every�ten�years�to�ensure�
thermal�performance.��Window�
washing�is�recommended�at�least�
once�per�year�but�may�be�required�
more�or�less�frequently�based�on�the�
type�of�glass�used,�the�owner’s�
preferences,�and�the�amount�of�dirt�
typically�deposited�in�a�specific�
microclimate.�

�� Thermal�Performance:��Aluminum�
clad�wood�windows�have�an�
estimated�u�value�of�0.434�and�an�
estimated�shading�coefficient�of�
0.741.��The�total�annual�energy�cost�is�estimated�at�$56,028,�which�is�29%�more�efficient�than�
the�current�aluminum�windows.���

Disadvantages:������	�

�� Historic�Accuracy:��The�aluminum�exterior�finish�in�an�aluminum�clad�wood�window�provides�a�
durable�exterior�finish�but�diminishes�the�historic�accuracy�of�the�assembly.��Exterior�aluminum�
sashes,�frames,�and�panning�do�not�reflect�the�original�design�intent.��On�the�other�hand,�an�
aluminum�clad�wood�window�does�provide�a�wood�interior�finish�that�improves�the�historic�
accuracy,�although�there�may�be�some�restrictions�on�accurate�wood�species.��Aluminum�clad�
wood�windows�also�utilize�vinyl�jamb�liners�which�are�not�historically�appropriate�and�have�
questionable�longevity.��Although�it�is�sometimes�possible�to�hide�them�on�the�exterior�if�the�
window�is�made�as�a�single�hung�rather�than�a�double�hung�unit,�they�are�often�still�visible�on�
the�interior.��The�daylight�opening�sizes�would�also�be�reduced�because�the�new�window�frames�

Figure�17:��Typical�aluminum�clad�wood�window�detail�–�by�
Marvin�Windows�
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would�pan�over�the�historic�wood�frames.��In�order�to�match�the�historic�daylight�opening�
dimensions,�the�historic�wood�frames�would�have�to�be�removed.��This�is�not�a�recommended�
practice�from�a�historic�restoration�standpoint�and�would�also�add�costs.�

�� Initial�Cost:��The�initial�cost�of�a�high�quality�aluminum�clad�wood�window�system�is�estimated�
at�$6,477�per�window.��

�� Life�Cycle�Cost:��The�100�year�life�cycle�cost�of�a�high�quality�aluminum�window�is�estimated�at�
$18,033�per�window.��The�aluminum�clad�wood�window�will�need�to�be�completely�replaced�at�
least�twice�within�a�100�year�projected�time�period.���

�� Lifespan:��A�good�aluminum�clad�wood�window�system�has�a�lifespan�of�roughly�35�years.��An�
aluminum�clad�wood�window�may�have�a�shorter�life�span�resulting�from�the�complex�and�
proprietary�joinery�between�the�clad�material�and�the�wood,�which�can�fatigue�and�fail�over�
time�due�to�the�variation�in�thermal�properties�between�the�wood�and�aluminum.��Vapor�
transmission�into�the�sash�or�window�leaks�can�trap�moisture�in�the�wood,�increasing�the�rate�of�
decay.20��In�recent�years,�some�manufacturers�of�aluminum�clad�wood�windows�have�been�
involved�in�class�action�lawsuits�as�a�result�of�failures�within�ten�years�of�installation.21��
Aluminum�clad�wood�window�systems�do�not�lend�themselves�to�repair�when�failure�of�
components�occurs.��Many�of�the�components�used�within�this�type�of�window�are�initially�less�
expensive�than�historic�components�but�have�a�higher�rate�of�failure,�driving�up�the�cost�of�the�
windows�during�their�lifetime�as�replacements�become�necessary.22��In�addition,�if�a�glazing�unit�
fails�the�entire�window�must�be�replaced�as�disassembly�of�the�sash�for�maintenance�is�generally�
impossible.�

	� Ease�of�Customization:��Custom�aluminum�profiles�are�readily�available�from�many�
manufacturers,�however�custom�dimensions�and�profiles�for�frames,�stiles,�and�rails�are�very�
rare,�as�the�joinery�between�the�wood�and�cladding�creates�difficulties.��The�scarcity�of�fully�
custom�aluminum�clad�wood�window�manufacturers�may�lead�to�difficulty�in�selecting�truly�
equal�manufacturers.��It�may�be�difficult�to�find�three�qualified�manufacturers�during�
procurement.��The�varieties�of�wood�species�available�vary�widely�by�individual�manufacturers.��
Old�growth�wood�and�naturally�decay/weather�resistant�woods�have�somewhat�limited�
availability,�particularly�if�Forest�Stewardship�Council�or�other�sustainable�agency�certifications�
are�desired.23��Although�custom�unit�sizes�are�available,�there�is�a�size�limit�because�of�how�the�
sashes�are�constructed.��Several�manufacturers�have�already�indicated�that�they�would�not�be�
able�to�produce�the�large�11’�0”x5’�6”�units�as�single�or�double�hung�units.24� �

������������������������������������������������������������
20�Nik�Vigener�and�Mark�Brown,�“Building�Envelope�Design�Guide�–�Windows,”�National�Institute�of�Building�
Sciences,��http://www.wbdg.org/design/env_fenestration_win.php.�
21�Ameet�Sachdev,�“Courts�see�fit�to�certify�window�class�action�suit,”�The�Chicago�Tribune,�May�10:�2011.�
22�National�Park�Service�US�Department�of�the�Interior,�Improving�Energy�Efficiency�in�Historic�Buildings.��
Washington,�DC:�GPO,�2011.�
23�Nik�Vigener�and�Mark�Brown,�“Building�Envelope�Design�Guide�–�Windows,”�National�Institute�of�Building�
Sciences,��http://www.wbdg.org/design/env_fenestration_win.php.�
24Personal�Communication:��Kolbe,�Wausau,�and�Marvin�windows�indicated�that�their�product�lines�may�be�unable�
to�accommodate�the�largest�window�sizes�required�for�the�Minnesota�State�Capitol.�
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Option�3:��Replica�Aluminum�Clad�Wood�Sash�Replacement�
and�Original�Frame�Restoration:�

Introduction:�

A�replica�aluminum�clad�wood�sash�replacement�and�
original�frame�restoration�is�in�effect�a�hybrid�of�an�
aluminum�clad�wood�window�and�a�custom�wood�sash�
replacement.��The�original�wood�frames�would�be�retained�
and�restored,�but�the�exterior�side�of�the�restored�frames�
would�be�clad�in�aluminum.��New�wood�sashes�would�be�
provided�and�would�also�be�clad�in�aluminum�on�the�
exterior�side.��This�type�of�window�assembly�has�few�
precedents,�as�the�aluminum�clad�wood�sash�is�fully�
customized�and�set�into�the�existing�frames�without�the�use�
of�jamb�liners�or�other�industry�standard�proprietary�
hardware.��The�Northrop�Auditorium�at�the�University�of�
Minnesota�is�a�precedent�project�for�this�type�of�window�
system.��Shop�drawings�for�the�Northrop�Auditorium�
windows�are�contained�in�Appendix�C�Exhibit�1�(page�119).�

Advantages:�������

�� Historic�Accuracy:��An�aluminum�clad�wood�sash�and�original�frame�restoration�assembly�has�
the�combined�benefits�of�a�durable�exterior�aluminum�finish�and�improved�historic�accuracy.��
The�restoration�of�the�original�frames�and�the�use�of�replica�hardware,�including�chains,�weights,�
pulleys,�lifts,�and�locks�all�add�to�the�historic�accuracy�of�the�window�assembly.��Because�the�
original�frames�would�be�reused,�the�windows�would�maintain�their�historic�daylight�opening�
sizes.��In�addition,�the�interior�wood�finish�improves�the�historic�accuracy,�although�there�may�
be�some�restrictions�on�accurate�wood�species.�

�� Durability:��The�durability�of�the�aluminum�clad�sash�is�very�good.��It�is�corrosion�resistant�and�
will�perform�well�over�two�or�three�decades�even�if�regular�maintenance�inspections�are�not�
scheduled�or�budgeted.���

�� Maintenance:��Exterior�refinishing�is�recommended�every�ten�years�after�the�first�twenty�five�
years�using�a�field�applied�fluropolymer�to�maintain�high�level�performance�and�aesthetics.��This�
generally�requires�a�specially�trained�paint�crew�familiar�with�field�applied�fluropolymer�
systems.��Interior�refinishing�of�the�wood�is�recommended�every�fifty�years.��But�the�limited�
lifespan�of�this�window�system�will�likely�mean�that�the�interior�will�never�require�refinishing.��
Inspections�are�not�required�for�this�type�of�window,�but�may�be�beneficial�if�the�windows�
utilize�security�systems.��If�the�insulated�glazing�units�fail,�they�will�be�difficult�to�replace�without�
replacing�the�entire�sash,�as�this�window�system�is�not�generally�built�for�disassembly.��Sealants�
should�be�replaced�every�ten�to�fifteen�years.��When�replacing�sealants,�it�is�important�to�

Figure�18:��Custom�aluminum�clad�wood�
sash�window�with�wood�frames.��Photo�of�
Northrop�Auditorium�at�University�of�
Minnesota�
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remove�the�existing�sealants�and�
thoroughly�clean�the�substrates�to�
ensure�proper�adhesion�and�
performance�of�the�replacement�
sealants.��Weather�stripping�should�be�
replaced�every�ten�years�to�ensure�
thermal�performance.��Modern�
weather�stripping�should�be�replaced�
every�ten�years�to�ensure�thermal�
performance.��Alternatively,�bronze�or�
stainless�steel�weather�stripping�can�
last�up�to�forty�years�before�
replacement�is�necessary,�though�
sometimes�requiring�supplemental�
modern�weather�stripping�to�improve�
thermal�performance.��Window�
washing�is�recommended�at�least�
once�per�year�but�may�be�required�
more�or�less�frequently�based�on�the�
type�of�glass�used,�the�owner’s�
preferences,�and�the�amount�of�dirt�
typically�deposited�in�a�specific�
microclimate.�����

�� Thermal�Performance:��A�replica�
aluminum�clad�wood�sash�and�original�
frame�restoration�assembly�does�not�
have�any�existing�performance�
standards�according�to�ASHRAE.��But�
logically,�this�type�of�window�
assembly�will�fall�somewhere�
between�an�all�wood�window�and�an�
all�clad�window.��As�such,�this�type�of�
window�assembly�will�improve�energy�
efficiency�between�29%�and�38%�over�
the�current�aluminum�window�system�
and�will�cost�between�$48,171�and�$56,028.��Note�that�this�analysis�assumes�that�the�
replacement�sash�will�be�designed�to�accommodate�insulating�glass�units.�

� �

Figure�19:��Typical�details�for�a�custom�aluminum�clad�wood�
sash�window�with�wood�frame�–�by�National�Window�
Associates�Inc,�used�on�the�Northrop�Auditorium�project.��
Refer�to�Appendix�D�exhibit�2�for�additional�information�
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Disadvantages:�����	
�

�� Initial�Cost:��The�initial�cost�of�this�
window�system�is�estimated�at�
$8,936�per�window.���

�� Life�Cycle�Cost:��The�100�year�life�
cycle�cost�of�a�high�quality�
aluminum�window�is�estimated�at�
between�$19,987�and�$21,271�per�
window.��The�aluminum�clad�wood�
window�will�need�to�be�completely�
replaced�at�least�twice�within�a�
100�year�projected�time�period.���

�� Lifespan:��The�overall�lifespan�of�a�
custom�aluminum�clad�wood�sash�
window�system�is�difficult�to�
predict,�as�the�few�precedents�of�
this�system�are�less�than�a�decade�
old.��This�report�assumes�that�the�
clad�components�on�these�windows�
will�require�replacement�every�35�
years.��The�shorter�life�span�results�
from�the�complex�joinery�between�
the�clad�material�and�the�wood,�
which�can�fatigue�and�fail�over�time�
due�to�the�variation�in�thermal�
properties�between�the�wood�and�
aluminum.��In�addition,�vapor�
transmission�into�the�sash�or�
window�leaks�can�trap�moisture�in�
the�wood,�increasing�the�rate�of�
decay.25��On�the�other�hand,�the�use�of�simple�replica�hardware�will�minimize�failures�that�often�
occur�with�modern�spring�and�balance�window�operation�mechanisms.���

	� Ease�of�Customization:��National�Window�Associates�Incorporated�was�able�to�produce�a�fully�
customized�extruded�aluminum�clad�sash.��However,�according�to�the�specifications�dated�
10/03/07,�National�Window�Associates�was�the�only�listed�manufacturer�of�the�sashes�for�the�
Northrop�Auditorium�project,�and�finding�at�least�two�additional�manufacturers�with�equal�
capabilities�and�quality�may�present�a�challenge.�

������������������������������������������������������������
25�Nik�Vigener�and�Mark�Brown,�“Building�Envelope�Design�Guide�–�Windows,”�National�Institute�of�Building�
Sciences,��http://www.wbdg.org/design/env_fenestration_win.php.�

Figures�20:��Typical�details�for�a�custom�aluminum�clad�wood�
sash�window�with�wood�frame�–�by�National�Window�
Associates�Inc,�used�on�the�Northrop�Auditorium�project.��Refer�
to�Appendix�D�exhibit�2�for�additional�information�

Preliminary Planning Phase Conclusions - Second Revision, September 11th, 2012 Page | 21



�

+


� Warranty�Period:��Per�the�Northrop�Auditorium�project,�the�sashes�are�warranted�for�a�period�
of�5�years.��The�glass�is�warranted�for�a�period�of�10�years.��The�exterior�finish�is�warranted�for�a�
period�of�10�years.26��The�interior�finishes�are�not�warranted.��Warranties�are�through�the�
individual�product�providers�so�there�is�no�single�source�of�responsibility.��This�is�a�problem�
unique�to�the�replica�aluminum�clad�sash�and�original�frame�restoration�option,�and�stems�from�
the�fact�that�producing�this�type�of�unit�is�not�currently�a�standard�practice�in�the�window�
industry.�
� �

������������������������������������������������������������
26�Unkown�Author,�Preliminary�Specification�for�the�Northrop�Auditorium�Project�at�the�University�of�Minnesota,�
2007.�
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Option�4:��Replica�Wood�Sash�Replacement�and�Original�
Frame�Restoration:�

Introduction:�

This�option�involves�restoring�the�existing�original�wood�
frames�currently�concealed�beneath�the�replacement�
windows�and�installing�new�wood�sashes�within�the�original�
frames.��Wood�double�hung�windows�have�been�used�since�
the�early�1700s.��For�hundreds�of�years,�all�wood�windows�
were�custom,�made�locally�by�skilled�carpenters.��Typically,�
the�wood�components�are�jointed�with�a�combination�of�
strong�wood�joints�and�metal�fasteners.��Commonly�used�
wood�joints�include�rabbeted�joints�and�mortise�and�tenon�
joints,�and�allow�disassembly�for�repairs�as�necessary.��
Operating�hardware�on�early�wood�windows�involved�the�
use�of�weights,�chains,�and�pulleys.��Over�the�years�some�
changes�have�occurred.��While�older�windows�utilized�old�
growth�species�for�durability,�newer�windows�rely�on�
durable�finishes�or�require�more�exotic�and�naturally�decay�
resistant�woods�since�old�growth�wood�is�increasingly�
difficult�to�obtain.�Early�double�hung�windows�had�many�
small�panes�of�glass�joined�together�with�wood�or�lead�muntins,�but�as�glass�technology�improved,�the�
glass�panes�got�larger�until�one�over�one�windows�such�as�those�in�the�State�Capitol�became�possible.27���

Advantages:����	��

�� Historic�Accuracy:��Selecting�a�replica�wood�window�sash�replacement�and�original�frame�
restoration�provides�the�ability�to�restore�nearly�all�of�the�historic�qualities�of�the�original�wood�
windows�including�wood�joints,�dimensions,�profiles,�sightlines,�and�hardware.��The�pulleys,�
weights,�chains,�lifts,�locks�and�other�hardware�components�can�all�be�integrated�into�the�
window�assembly.��Because�the�original�frames�would�be�reused,�the�windows�would�maintain�
their�historic�daylight�opening�sizes.�

�� Life�Cycle�Cost:��The�100�year�life�cycle�cost�of�a�replica�wood�sash�replacement�and�original�
frame�restoration�is�window�assembly�is�estimated�at�$16,527�per�window�when�refinishing�
occurs�every�ten�years.��Refinishing�the�windows�every�six�years�will�increase�this�cost�to�
$17,425.��Wood�windows�will�last�for�a�100�year�projected�time�period�or�longer�if�they�are�
properly�maintained.�

������������������������������������������������������������
27�New�York�Landmarks�Conservancy,�Repairing�Old�and�Historic�Windows:��A�Manual�for�Architects�and�
Homeowners,�(Washington,�D.C.:��The�Preservation�Press,�1992),�25,�31,�42.�

Figure�21:��Custom�wood�window�sash�
replacement�and�frame�restoration�at�the�
Ohio�Statehouse�
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�� Lifespan:��A�wood�window�has�a�lifespan�that�will�exceed�100�years�given�proper�maintenance�
and�repairs.��A�wood�window�assembly�permits�repair�to�almost�any�window�component,�
eliminating�the�need�to�fully�replace�window�assemblies.�

	� Ease�of�Customization:��A�wood�window�is�easy�to�customize,�because�simple�tools�used�by�
carpenters�for�centuries�can�be�used�to�work�wood�to�any�dimension�or�profile.�28��A�large�
diversity�of�wood�species�are�available�including�highly�durable�exotic�wood�species.���

�� Thermal�Performance:��Wood�windows�have�an�estimated�u�value�of�0.347�and�an�estimated�
shading�coefficient�of�0.696.��The�total�annual�energy�cost�is�estimated�at�$48,171,�which�is�38%�
more�efficient�than�the�current�aluminum�windows.��Note�that�this�analysis�assumes�that�the�
replacement�sash�will�be�designed�to�accommodate�insulated�glass�units.��Historic�wood�
windows�will�generally�allow�somewhat�higher�levels�of�infiltration�than�other�types�of�window�
assemblies.��But�despite�having�somewhat�higher�levels�of�infiltration,�studies�involving�in�situ�
testing�of�various�window�assemblies�have�indicated�that�historic�wood�windows�will�still�
thermally�outperform�alternative�window�assemblies.29�

������������������������������������������������������������
28�New�York�Landmarks�Conservancy,�Repairing�Old�and�Historic�Windows:��A�Manual�for�Architects�and�
Homeowners,�(Washington,�D.C.:��The�Preservation�Press,�1992).�
29�Bailey�Edward�Architecture,�and�OWP/P,�Lincoln�Hall�Windows�Research�Report:�A�Case�Study�for�Treatment�for�
Windows�at�Lincoln�Hall,�University�of�Illinois,�Urbana�Champaign,�June�4,�2009,�Pg.�11.�

Figure�22:��Typical�detail�for�a�custom�wood�window�sash�replacement�and�frame�restoration�–��Jamb�detail�from�
the�Ohio�Statehouse�
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Disadvantages:����
��

�� Durability:��The�durability�of�a�
wood�window�is�dependent�
upon�regular�maintenance�and�
inspections.��Wood�window�
assemblies�exhibit�good�
durability�if�they�are�
maintained.��However,�the�
failure�to�perform�routine�
maintenance�and�inspections�
may�lead�to�accelerated�
window�deterioration�including�
rot,�ultra�violet�degradation,�
and�possibly�insect�damage.��
Specification�of�a�durable�
exotic�or�old�growth�wood�
species�will�improve�durability.��
The�durability�of�wood�
windows�is�often�a�significant�
concern�for�maintenance�staffs�
considering�replacement�wood�
windows.��Given��this�concern,�
the�State�of�Minnesota�
requested�that�interviews�
occur�with�building�owners�
who�have�replacement�wood�
windows,�seeking�additional�
insight�into�the�durability,�
maintenance,�and�
performance�aspects�of�
installed�wood�windows.��This�
information�can�be�found�in�
Appendix�C,�Exhibit�2�(Page�
126).�

� �Figure�23�(right):��Typical�detail�for�a�
custom�wood�window�sash�
replacement�and�frame�restoration.��
Head�and�sill�detail�from�the�Utah�
State�Capitol�
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�� Initial�Cost:��The�initial�cost�of�a�replica�wood�sash�and�frame�restoration�window�system�is�
estimated�at�$7,596�per�window.�


� Warranty�Period:��A�typical�sash�warranty�is�five�years.�30���A�typical�glass�warranty�is�ten�years.��
A�typical�exterior�finish�warranty�for�a�factory�applied�paint�and�primer�is�ten�years.��A�typical�
interior�finish�warranty�for�a�factory�applied�finish�is�five�years.31��There�is�typically�a�one�year�
warranty�on�field�applied�stain�and�varnish.�

�� Maintenance:��Inspections�and�exterior�refinishing�are�recommended�every�10�years.��But�some�
manufacturers�have�indicated�that�their�factory�applied�exterior�finishes�can�last�up�to�15�years�before�
requiring�refinishing�(see�footnote�32�for�additional�information).32��And�although�inspections�and�
exterior�refinishing�should�occur�at�the�same�10�year�interval,�offsetting�the�inspection�schedule�and�the�
exterior�refinishing�schedule�by�5�years�is�preferred,�as�better�long�term�performance�can�be�achieved�
than�if�both�are�performed�concurrently.��This�practice�increases�the�frequency�for�identifying�
components�that�might�require�maintenance�or�repairs.��Refinishing�the�interior�surfaces�is�
recommended�every�fifty�years.��Refinishing�of�both�the�interior�and�exterior�surfaces�will�require�
stripping�the�aged�finishes�and�neutralizing�any�chemical�stripping�agents�if�used.��This�is�important�for�
ensuring�the�proper�adhesion�between�the�new�finishes�and�the�wood.��Wood�repairs�are�required�as�
needed,�and�it�is�estimated�that�5%�of�the�frame�and�sash�components�will�require�repairs�every�twenty�
five�years.��Wood�windows�are�constructed�to�allow�disassembly�at�the�joints,�so�individual�components�
can�be�repaired�without�replacing�the�entire�assembly.��If�any�rotting�occurs�despite�the�maintenance�
schedule,�it�can�be�repaired�easily�with�epoxies�or�Dutchman.33��If�the�insulated�glazing�units�fail,�they�
can�be�replaced�simply�by�removing�the�glazing�stops,�removing�the�failed�unit,�replacing�with�a�new�
unit,�and�reinstalling�the�glazing�stops.��Sealants�should�be�replaced�every�ten�to�fifteen�years.��When�
replacing�sealants,�it�is�important�to�remove�the�existing�sealants�and�thoroughly�clean�the�substrates�to�
ensure�proper�adhesion�and�performance�of�the�replacement�sealants.��Modern�weather�stripping�
should�be�replaced�every�ten�years�to�ensure�thermal�performance.��Alternatively,�bronze�or�stainless�
steel�weather�stripping�can�last�up�to�forty�years�before�replacement�is�necessary,�though�sometimes�
requiring�supplemental�modern�weather�stripping�to�improve�thermal�performance.��Window�washing�is�
recommended�at�least�once�per�year�but�may�be�required�more�or�less�frequently�based�on�the�type�of�

������������������������������������������������������������
30�Schooley�Caldwell�Associates,�Specification�from�the�Utah�State�Capitol�Project,�2005.�
31�Schooley�Caldwell�Associates,�Specification�from�the�Utah�State�Capitol�Project,�2005.�
32�A�ten�year�exterior�refinishing�schedule�is�realistic�assuming�that�high�quality�paints�and�primers�are�used�and�
applied�with�skill.��It�is�also�important�that�any�chemical�strippers�used�be�thoroughly�neutralized�prior�to�
repainting.��The�use�of�paint�and�primer�from�the�same�manufacturer�is�critical.��Sherwin�Williams�Duration�paint�
and�Sherwin�Williams�Y24W8020�Exterior�Wood�Primer�have�been�recommended�by�owners�and�window�
manufacturers.��Another�primer�recommended�is�Sherwin�Williams�Y24W980�Prep�Rite�Quick�Seal.��However,�a�
different�primer�may�be�required�depending�on�the�wood�species.��Many�companies�offer�10�year�warranties�on�
their�exterior�wood�finishes,�including�Re�View,�Point�Five�Windows,�and�Kolbe.��Note�that�it�is�also�likely�that�the�
west�and�north�faces�of�the�building�will�require�painting�less�frequently�than�the�east�and�south�faces�which�can�
reduce�the�cost�for�exterior�refinishing�(this�assumption�has�not�been�built�into�the�life�cycle�cost�presented�in�this�
report).�
33�Bailey�Edward�Architecture,�and�OWP/P,�Lincoln�Hall�Windows�Research�Report:�A�Case�Study�for�Treatment�for�
Windows�at�Lincoln�Hall,�University�of�Illinois,�Urbana�Champaign,�June�4,�2009,�Pg.�20,�21.�
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glass�used,�the�owner’s�preferences,�and�the�amount�of�dirt�typically�deposited�in�a�specific�
microclimate.���Refer�to�Appendix�C�Exhibit�2�(page�126)�for�additional�information�on�the�maintenance�
requirements�implemented�by�other�building�owners�who�have�replacement�wood�windows.�

� �
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ANALYSIS�OF�WINDOW�OPTIONS:�

Summary�of�Key�Points:�

The�criteria�for�the�window�replacement�options�presented�above�illustrate�the�general�and�critical�
qualities�that�will�be�used�in�determining�a�best�fit�for�the�Minnesota�State�Capitol�window�restoration�
project.��A�summary�of�key�points�for�each�of�the�replacement�window�options�is�as�follows:�

The�aluminum�window�system�(option�one)�provides�the�best�overall�durability�and�resistance�to�
weathering,�and�is�a�low�maintenance�system�that�will�perform�well�for�a�long�time.��Aluminum�window�
systems�are�reliable.��However,�this�system�has�reduced�historic�accuracy,�higher�life�cycle�costs,�a�short�
lifespan,�and�the�lowest�overall�thermal�performance.�

The�aluminum�clad�wood�system�(option�two)�exhibits�very�good�durability�and�resistance�to�
weathering,�and�is�low�in�maintenance�much�like�the�all�aluminum�system.��This�system�also�has�the�
advantage�of�offering�a�historic�wood�appearance�from�the�inside�of�the�window�assembly.��However,�
this�system�has�documented�weaknesses�in�the�joint�between�the�aluminum�and�the�wood,�and�
longevity�cannot�be�guaranteed.��This�system�requires�the�greatest�number�of�replacements�over�time.��
Aluminum�clad�systems�are�also�more�difficult�to�customize�than�an�all�wood�or�all�aluminum�window�
system,�which�may�hinder�re�creation�of�key�elements.�

The�replica�aluminum�clad�wood�sash�replacement�and�original�frame�restoration�(option�three)�has�the�
advantage�of�utilizing�the�original�historic�frames,�historic�hardware,�and�a�wood�interior.��Custom�
profiles�are�achievable.��In�addition,�the�aluminum�cladding�will�exhibit�very�good�durability.��The�
greatest�disadvantage�to�this�system�is�that�few�precedents�exist,�making�a�review�of�the�long�term�
performance�of�the�system�impossible.��Like�option�two,�the�joints�between�the�aluminum�cladding�and�
the�wood�are�susceptible�to�failure.��The�longevity�of�this�system�cannot�be�guaranteed.���

The�replica�wood�sash�and�original�frame�restoration�(option�four)�provides�the�highest�level�of�historic�
accuracy,�is�the�easiest�to�customize,�and�has�the�lowest�life�cycle�cost.��However,�regular�routine�
maintenance�and�inspections�are�critical�aspects�of�this�system,�and�are�required�to�achieve�longevity�
and�performance.���

Refer�to�Table�1�on�the�next�page�for�a�comparative�summary�of�criteria.�

� �
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Selection�of�Significant�Criteria:�

The�next�step�is�to�determine�which�criteria�items�are�the�most�important�for�selecting�a�replacement�
window�system.��Although�this�is�ultimately�a�choice�for�the�client�and�stakeholders,�it�is�our�
professional�opinion�that�the�most�significant�criteria�are���Historic�Accuracy,���Durability,���Life�
Cycle�Cost,�and���Ease�of�Customization.��We�select�these�criteria�for�the�following�reasons:��The�State�
Historic�Preservation�Office�(SHPO),�the�Minnesota�Historical�Society�(MHS),�and�other�would�
undoubtedly�prefer�a�historically�accurate�window�assembly�if�possible�given�the�significance�of�the�
State�Capitol.��Durability�and�the�ability�to�match�existing�profiles�(customization)�were�indicated�as�
being�important�factors�in�the�Agency�Information�Meeting�of�June�13,�2012�(see�the�meeting�minutes�
in�Appendix�D�Exhibit�2�on�page�170).��In�addition,�life�cycle�cost�is�an�important�financial�consideration�
that�is�also�a�good�indicator�of�lifespan,�maintenance�requirements,�and�thermal�performance.���

� �

Table�1:��Excerpt�from�the�Window�Matrix
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Evaluating�Selection�Criteria:�

��Historic�Accuracy:�

In�accordance�with�the�Secretary�of�the�Interior’s�Standards�for�the�Treatment�of�Historic�Properties,�the�
most�historically�accurate�window�assembly�is�option�four,�the�replica�wood�sash�replacement�and�
original�frame�restoration.��This�option�most�comprehensively�allows�the�entire�window�assembly�to�
match�the�materials,�hardware,�operation,�finishes,�dimensions,�profiles,�and�overall�aesthetic�of�the�
original�windows.��The�second�most�historically�accurate�approach�is�option�three,�the�replica�aluminum�
clad�wood�sash�replacement�and�original�frame�restoration.��This�option�allows�the�interior�to�match�the�
materials,�hardware,�operation�and�finishes�of�the�original�windows,�but�diminishes�some�accuracy�on�
the�exterior�due�to�the�aluminum�cladding.��Options�one�and�two�are�not�historically�accurate�in�their�
materials�or�hardware,�although�option�two�allows�an�interior�wood�finish.��Another�disadvantage�to�
options�one�and�two�is�that�installation�of�the�new�systems�over�the�original�wood�frames�will�result�in�
historically�inaccurate�daylight�opening�and�sight�lines�similar�to�the�current�aluminum�windows.���

As�an�additional�note,�the�State�Historic�Preservation�Office�(SHPO)�indicated�that�their�first�priority�is�to�
preserve�the�original�fabric.��This�goal�is�achievable�for�all�four�options�but�only�option�four,�the�replica�
wood�sash�replacement�and�original�frame�restoration,�results�in�a�historic�treatment�of�the�original�
frames�in�their�entirety.��Option�three,�the�replica�aluminum�clad�wood�sash�replacement�and�original�
frame�restoration,�results�in�a�historic�treatment�of�the�original�frames�on�the�interior�only,�as�the�
exterior�is�covered�with�aluminum�panning.��If�the�original�frames�are�not�selected�to�be�restored�as�
proposed�in�option�four,�SHPO�indicated�that�their�second�priority�is�to�cover�over�the�existing�frames�so�
that�future�replacements�can�be�historically�accurate.��Options�one,�two,�and�three�can�all�preserve�the�
original�frames�beneath�panning.��

��Durability:�

All�four�of�the�window�options�are�durable�given�routine�maintenance.��But�the�approaches�that�will�
provide�the�most�durability�without�routine�maintenance�are�options�one,�two,�and�three.��The�exterior�
aluminum�in�both�of�these�systems�will�perform�well,�resisting�corrosion�for�a�long�time�even�when�
maintenance�is�not�regularly�provided.��Option�four�is�an�all�wood�assembly,�and�therefore�has�lower�
durability�as�deterioration�is�possible�if�routine�maintenance�is�not�provided�regularly.�

��Life�Cycle�Cost:�

The�life�cycle�cost�is�lowest�for�option�four,�the�replica�wood�sash�replacement�and�original�frame�
replacement.��Although�this�option�has�a�higher�initial�cost�and�is�more�expensive�in�terms�of�regular�
painting,�maintenance,�and�inspections,�this�system�will�never�require�replacement�given�proper�care.��
This�option�is�also�the�most�thermally�efficient,�bringing�down�the�life�cycle�cost�in�the�long�term.��
Options�one,�and�two�have�a�low�initial�cost,�but�will�require�replacement�at�least�twice�over�a�100�year�
period,�which�substantially�increases�their�life�cycle�costs.��Option�three�has�the�highest�initial�cost�and�
life�cycle�cost,�but�has�the�benefits�of�good�historic�qualities�and�improved�durability.�
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��Ease�of�Customization:�

The�best�window�system�for�customizing�dimensions�and�profiles�for�the�frames,�stiles,�rails,�brick�
molds,�and�other�historic�components�is�option�four,�the�replica�wood�sash�replacement�and�original�
frame�restoration.��Simple�tools�can�be�used�to�accurately�and�economically�form�wood�to�the�correct�
profiles.��Customization�is�relatively�simple�and�adjustments�can�be�made�to�a�template�without�
significant�effort.��Options�one,�two,�and�three�all�involve�aluminum�extrusions.��Aluminum�can�be�
extruded�into�most�any�profile,�although�rounded�shapes�can�be�more�challenging�or�require�a�reduced�
material�thickness.��The�customization�process�requires�more�complex�and�costly�equipment�for�creating�
custom�dies�and�forming�the�metal�profiles.��Aluminum�clad�wood�products�have�the�additional�
challenge�of�requiring�custom�wood�profiles�and�custom�aluminum�profiles�joined�into�a�single�
assembly.��For�this�reason,�options�two�and�three�are�the�least�easily�customizable.� �
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DESIGN�TEAM�RECOMMENDATION�FOR�PROCEEDING:�
Replica�Wood�Sash�Replacement�and�Original�Frame�Restoration�

Based�on�the�analysis�presented�above,�the�design�team�recommendation�is�to�pursue�a�custom�wood�
sash�replacement�and�existing�frame�restoration�project�at�the�Minnesota�State�Capitol.���

The�custom�wood�window�has�been�around�for�hundreds�of�years.��And�given�proper�care,�this�type�of�
window�can�last�for�hundreds�of�years.��Herein�lies�the�primary�advantage�to�selecting�custom�wood�
windows�over�other�types.��The�first�disadvantage�that�comes�to�everyone's�mind�when�considering�this�
type�of�window�is�the�need�for�exterior�maintenance,�and�specifically�painting.��However,�when�taking�
into�consideration�that�to�maintain�an�acceptable�appearance�aluminum�and�aluminum�clad�wood�
windows�also�require�exterior�painting�at�nearly�the�same�interval�(every�10�years�after�the�first�25�
years),�this�concern�diminishes.��And�although�historic�wood�windows�require�more�maintenance�than�
other�window�assemblies,�some�studies�suggest�that�they�are�only�4%�more�expensive�to�maintain�when�
considering�repairs,�interior�refinishing,�exterior�refinishing,�caulking,�access�requirements,�cleaning,�and�
glazing�unit�replacements.34�

By�adhering�to�a�cyclical�maintenance�program�for�these�windows,�which�calls�for�regular�inspections,�
painting�and�replacement�of�individual�components�in�need,�these�windows�can�be�expected�to�last�the�
full�100�year�life�cycle�and�beyond.��There�is�no�such�thing�as�a�maintenance�free�window.��Every�type�
requires�maintenance�and�the�life�of�the�window�depends�upon�its�care.�

The�field�investigation�revealed�existing�frames�in�relatively�good�condition.��By�restoring�the�existing�
frames,�we�retain�much�of�the�original�historic�fabric,�we�reduce�construction�waste,�and�we�reduce�the�
project�cost�by�eliminating�the�need�to�disturb�the�existing�rough�opening�and�interior�casings.��
Restoring�the�existing�frames�will�entail�abatement�of�existing�lead�based�paints�and�asbestos�caulking.��
Dutchmen�repairs,�the�use�of�consolidants�where�minor�rot�exists,�the�use�of�putty�in�minor�voids,�and�
the�in�kind�replacement�of�some�percentage�of�the�existing�frame�components�which�cannot�be�
restored�will�be�required.���

Providing�a�new�wood�sash�allows�us�to�accurately�restore�the�historic�qualities�contained�in�the�original�
windows,�including�re�creating�the�historic�sight�lines.��The�aluminum�and�aluminum�clad�wood�options�
would�reduce�the�historic�sight�lines�similar�to�the�current�aluminum�window�condition.��A�custom�sash�
will�include�new�hardware�matching�the�original�to�the�greatest�extent�possible.��This�will�include�new�
weights,�chains,�pulleys,�lifts,�and�locks.��Modern�high�performance�glazing�units�will�be�installed�in�the�
custom�sashes�to�significantly�improve�thermal�performance.���

A�custom�wood�sash�and�existing�frame�restoration�project�requires�a�high�initial�cost.��However,�when�
considering�life�cycle�costs,�this�option�will�be�the�most�economical.��The�payback�term�is�within�the�first�
fifty�years�because�although�custom�wood�windows�require�regular�maintenance,�they�will�not�require�

������������������������������������������������������������
34�Bailey�Edward�Architecture,�and�OWP/P,�Lincoln�Hall�Windows�Research�Report:�A�Case�Study�for�Treatment�for�
Windows�at�Lincoln�Hall,�University�of�Illinois,�Urbana�Champaign,�June�4,�2009,�Pg�13.�
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total�replacement�every�thirty�five�to�forty�years.��Every�other�option�discussed�will�require�total�
replacement�within�fifty�years�of�their�installation.�

Operable�single�hung�windows�are�recommended�where�double�hung�windows�originally�existed�(two�
hundred�thirty�three�locations),�operable�casement�windows�where�historically�appropriate�(three�
locations),�and�fixed�windows�where�applicable�(six�locations).��However,�security�requirements�may�
require�that�certain�single�hung�windows�be�partially�operable�with�a�limited�opening�or�even�fixed�
rather�than�operable.��Some�windows�may�require�special�glazing�for�security�or�sound�control.��These�
locations�can�be�determined�in�the�design�phases.�

Storm�windows�are�not�recommended�for�this�project.��Although�they�were�specified�in�the�original�
construction�documents,�this�was�most�likely�done�out�of�necessity�for�improving�thermal�performance�
rather�than�for�aesthetic�reasons.��As�described�by�the�original�specifications,�the�storm�windows�were�
intended�only�for�the�winter�months.35��The�thermal�performance�of�a�modern�wood�window�with�an�
insulated�glazing�unit�negates�the�need�for�a�storm�window�and�can�result�in�energy�savings�nearly�twice�
that�of�a�modern�storm�window.36�

Selecting�an�Insulated�Glazing�Unit:�

Another�major�component�in�all�window�assemblies�is�the�glazing�unit.��Three�primary�considerations�in�
selecting�a�glazing�unit�are�thermal�performance,�weight,�and�appearance.��A�fourth�consideration�is�the�
structural�requirements�of�the�glass,�but�this�is�mostly�a�function�of�necessity�rather�than�choice.�

Regarding�thermal�performance,�the�Minnesota�State�Energy�Code�dictates�the�minimum�thermal�
performance�requirements�of�windows�in�terms�of�u�value�and�solar�heat�gain�coefficients�(S.H.G.C.).37��
A�double�glazed�insulated�unit�is�required�to�meet�the�u�value�performance�criteria,�while�a�low�
emissivity�(low�e)�coating�is�required�to�meet�the�S.H.G.C.�performance�criteria.��U�values�can�be�further�
improved�by�1)�using�a�triple�glazed�insulated�unit,�2)�installing�an�inert�gas�in�each�insulated�unit�air�
space,�and�3)�providing�additional�low�e�or�suspended�low�e�films.��Solar�heat�gain�coefficients�can�be�
further�improved�with�use�of�suspended�low�e�films.38�

The�weight�of�the�glazing�unit�is�very�important�in�large�window�projects.��For�instance,�a�glazing�unit�
weighing�eight�pounds�per�square�foot�in�a�window�of�roughly�forty�one�square�feet�will�weigh�three�
hundred�twenty�eight�pounds.��That�load�has�to�be�supported�by�the�window�system,�which�is�also�
required�to�resist�other�structural�loads,�such�as�wind�and�atmospheric�pressure�differences.��Increased�
window�weight�can�make�sash�operability�difficult�or�impossible�depending�upon�operating�mechanisms�
and�window�size.��Thermal�requirements�and�structural�requirements�must�be�balanced�to�create�a�light�
and�efficient�sash�weight�wherever�possible.�
������������������������������������������������������������
35�Refer�to�the�specifications�in�Appendix�A�Exhibit�4.�
36�Bailey�Edward�Architecture,�and�OWP/P,�Lincoln�Hall�Windows�Research�Report:�A�Case�Study�for�Treatment�for�
Windows�at�Lincoln�Hall,�University�of�Illinois,�Urbana�Champaign,�June�4,�2009,�Pg.�10.�
37�State�of�Minnesota�Energy�Code�requires�a�U�Value�of�at�least�0.57�for�fixed�windows�and�at�least�0.67�for�
operable�windows.��S.H.G.C.�required�is�0.49�on�the�north�façade,�and�0.39�on�all�other�façades.��
38�Refer�to�the�Window�Selection�Matrix�in�this�report�for�pricing�information�on�these�and�other�options.�
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In�terms�of�appearance,�only�clear�glass�is�recommended�according�to�the�Secretary�of�the�Interior’s�
Standards�for�the�Treatment�of�Historic�Properties�(see�Appendix�D,�Exhibit�3�on�page�181),�and�the�use�
of�tints�is�not�recommended.��Low�e�coatings�generally�have�minimal�impact�on�appearance�depending�
upon�the�level�of�low�e�specified,�but�can�reduce�the�transmittance�of�light�through�the�window�
resulting�in�a�darker�overall�appearance�than�clear�glass.��In�historic�restoration�projects,�the�use�of�clear�
glass�insulated�glazing�units�with�low�e�coatings�can�have�a�minimal�impact�on�the�appearance�of�the�
glazing.�

Given�the�above,�the�recommended�insulating�glazing�unit�for�the�windows�will�be�double�glazed�clear�
glass�with�a�low�e�coating�and�consideration�of�argon�gas�in�a�half�inch�airspace.��This�glazing�unit�will�
provide�energy�efficiency�above�building�code�standards�while�minimizing�the�weight�of�the�sashes.��This�
will�also�result�in�an�appearance�that�minimizes�deviation�from�the�original�aesthetic.�

Conclusion:�

The�custom�wood�sash�and�original�wood�frame�restoration�approach�will�most�comprehensively�restore�
the�historic�character�and�aesthetic�of�the�windows�at�the�Minnesota�State�Capitol�and�will�also�prove�to�
be�the�most�economical�when�considering�life�cycle�costs.��This�is�the�professional�recommendation�of�
the�design�team.���

� �
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DECISIONS�TO�BE�MADE�MOVING�FORWARD:�

As�soon�as�a�decision�to�proceed�with�a�window�option�can�be�made,�the�design�team�must�begin�
considering�additional�decisions�that�affect�the�detailed�design�work�and�ultimately�fabrication�and�
construction�logistics.��A�continuing�dialogue�between�the�State,�the�design�team,�and�the�construction�
team�will�be�required�to�make�these�decisions�as�soon�as�possible�and�to�reach�the�most�ideal�outcomes.��
Some�of�these�considerations�are�described�below.�

1. Operability�of�the�windows:���
a. Contingent�upon�our�recommendation�
b. Locations�of�operable,�fixed,�semi�operable,�locations�for�different�operability�functions.�

2. Glazing�Unit�Composition:�
a. Contingent�upon�our�recommendation�
b. Additional�considerations�for�U�value,�inert�gases,�spacer�materials,�airspace,�

transparency,�reflectance,�coatings.�
3. Security�Requirements:�

a. Ballistic�glazing,�blast�resistant�glazing,�radio�frequency�glazing,�acoustic,�locations.�
4. Extent�of�work�on�the�Interior:�

a. Casings,�stools,�fan�coil�enclosures.�
5. Finishes:�

a. Color,�finish�material,�primers,�interior�and�exterior.�
6. Testing�&�Mockup�Requirements:�

a. Test�pressures,�water�tests,�air�tests,�off�site,�on�site.�
7. Pre�Qualification�Requirements�

a. Experience,�specializations,�certifications.�
8. Phasing:�

a. Shifting�occupants�during�construction,�temporary�swing�spaces,�sequence�of�
installation.�

Additional�considerations�will�emerge�during�the�design�process.��The�above�items�are�among�the�key�
items�that�will�influence�the�work�taking�place�during�the�design�phases.��
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Assumptions�&�Notes:
1

2

3

4

5

6
7

8

WINDOW�SELECTION�MATRIX:

The�range�of�values�presented�for�the�life�cycle�cost�under�option�4�is�based�on�a�difference�in�cost�
resulting�from�two�refinishing�assumptions.��When�refinishing�the�windows�every�10�years,�the�total�life�
cycle�cost�is�$16,527.��When�refinishing�the�windows�every�6�years�the�total�life�cycle�cost�is�$17,425.��

Refer�to�the�Life�Cycle�Cost�Analysis �in�this�report�(page�43)�for�additional�information�on�the�
assumptions�used�in�determining�the�LCC�numbers.

Refer�to�the�Intent�and�Criteria �section�of�this�report�(page�10)�for�an�explanation�of�the�criteria�and�
assumptions

Specific�items�covered�under�warranty�will�vary�by�manufacturer.�Generally�speaking,�frames�are�
warranted�to�be�free�from�defects�in�manufacturing,�materials,�and�workmanship.��Glazing�units�are�
often�warranted�against�visible�obstructions�resulting�from�failure�of�the�glazing�unit.��Warranted�
finishes�are�often�guaranteed�to�be�free�from�defects�including�loss�of�adhesion,�cracking,�checking,�
peeling,�chalking,�and�fading.��
Glazing�option�prices�are�estimates�based�on�conversations�with�glazing�manufacturers.

Refer�to�the�Energy�Calculation �in�this�report�(page�39)�for�information�about�the�energy�costs.

Refer�to�the�Window�Replacement�Options �(page�10)�section�of�this�report�for�an�explanation�of�why�
criteria�are�best,�good,�fair,�or�poor.

The�range�of�values�presented�for�the�life�cycle�cost�under�option�3�is�based�on�using�a�range�of�energy�
efficiency�ratings�for�this�hybrid�window�type.��An�aluminum�clad�wood�sash�in�an�existing�historic�
wood�frame�does�not�fit�any�existing�ASHRAE�performance�standard.
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Criteria Option�1:�
Aluminum

Option�2:�
Aluminum�Clad�

Wood

Option�3:��Replica�
Aluminum�Clad�
Wood�Sash�&�
Original�Frame�
R i

Option�4:��Replica�
Wood�Sash�&�Original�
Frame�Restoration

���Historic�Accuracy: Poor Fair Good Best

���Durability: Best Best Best Good

���Initial�Cost: $6,020 $6,477 $8,936 $7,596

���Life�Cycle�Cost: $17,877 $18,033 $19,987���$21,271 $16,527���$17,425

	��Lifespan: 40�Years 35�Years 35�Years (+)�100�Years

���Ease�of�Customization: Good Poor Poor Best


Typ.�Frame�Warranty:�������

Typ.�Glass�Warranty:�����������

Typ.�Finish�Warranty:

10�Years���������
10�Years���������
10�Years���������

10�Years���������
10�Years���������
10�Years

5�Years����������
10�Years���������
10�Years

5�Years�����������
10�Years����������
10�Years

���Maintenance: Best Best Good Fair

��Thermal�Performance:�
(Annual�Energy�Cost)

$62,042� $56,028�
Range:��������

$48,171�to�
$56,028

$48,171�

Criteria�Considered��
Advantageous�in�Report:

���
� �
�� ���� ��	��

Criteria�Considered�
��	� ���	� ��	�
 ��
�

Note:��Items�in�red�indicate�the�best�performance�among�the�differing�frame�types
�S
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Disadvantageous�in�Report:
��	� ���	� ��	�
 ��
�

Double�Glaze�Cost

Double�Glaze�U�Value

Triple�Glaze�Cost

Triple�Glaze�U�Value

Argon

Low�E�Coating

Ballistic�(High�Power�Rifle)

Tempered

Heat�Treated

Annealed

Fire�Rated�(2�HR)

Warm�Edge

Acoustical

(+)�$0.45�per�Sq.�Ft.

G
la
zi
ng
�O
pt
io
ns

(+)�75%�to�100%�cost

I.G
.U
.

Baseline

(+)�75%�cost�of�baseline

0.31

0.48

(+)�$0.50�per�Sq.�Ft.

(+)�$2.00�per�Sq.�Ft.

(+)�200%�to�400%�per�window

(+)�$2.00�per�Sq.�Ft.

(+)�$2.00�per�Sq.�Ft.

Baseline

(+)�$2.00�per�Sq.�Ft.
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Area�of�Assembly:��Roughly�10,053�square�feet�of�rough�opening�in�the�project�scope.��There�is�a�
total�of�242�windows�in�the�project�scope.��This�is�roughly�12.5%�of�the�wall�envelope�on�levels�G�
through�3

U�Value:��Simulated�by�Carrier�E�20�software�(Based�on�ASHRAE�Standards)

Special�Conditions:��Ballistic�glazing,��laminated�assemblies,�and�other�such�assemblies�that�are�a�
minor�part�of�the�project�scope�are�not�accounted�for�below

Shading�Coefficient:��Simulated�by�Carrier�E�20�software�(Based�on�ASHRAE�Standards)

ENERGY�CALCULATION:

New�Window�IGU�Makeup:��Double�glazed�unit�with�low�e�coating�(surface�2),�3/16"�clear�
annealed�glass,�and�1/2"�air�space�with�argon�gas.��������������������������������������������������������������

Design�Temperatures:��Cooling�loads�are�based�on�an�exterior�dry�bulb/wet�bulb�temperature�of�
90.4/72.8,�with�an�interior�temperature�of�75.��Heating�loads�are�based�on�an�exterior�dry�
bulb/wet�bulb�temperature�of��16/�16.8,�with�an�interior�temperature�of�70.��HDD�=�7981�and�
CDD�=�682
Existing�Windows:��The�existing�windows�are�aluminum,�thermally�broken,�double�glazed�with�
3/16"�clear�glass�and�a�1/2"�air�space.��

Energy�Prices:��The�Minnesota�hot�water�average�cost�is�$19�per�1,000,000�BTU's.��The�average�
chilled�water�cost�is�$10�per�1,000,000�BTU's.��These�numbers�are�provided�by�Mark�R.�Bergstrom,�
Plant�Management�Services

Assumptions�&�Notes:

Option�3:��The�replica�aluminum�clad�wood�sash�replacement�and�original�frame�restoration�is�an�
assembly�not�tested�according�to�ASHRAE�standards.��Because�this�window�type�is�constructed�as�
a�hybrid�between�an�all�wood�window�and�an�all�aluminum�clad�window,�Option�3�will�likely�fall�
somewhere in between

Infiltration:��Infiltration�is�not�factored�into�this�simulation

�������������������������������������������������������������������������������������������������������������������

11
12

somewhere�in�between.

MBTU:��Million�British�Thermal�Units
BTU:��British�Thermal�Units

�������������������������������������������������������������������������������������������������������������������
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Existing�Aluminum�Window�Evaluation:

Criteria
Assembly�U�Value:�����

Shading�Coefficient:

Total�Estimated�
Energy�Consumption EXISTING

Option�1:��Aluminum�Window:

Criteria

Assembly�U�Value:�����
Shading�Coefficient:

Total�Estimated�
Energy�Consumption�

Criteria

Assembly�U�Value:�����
Shading�Coefficient:

Total�Estimated�
Energy�Consumption

Option�2:��Aluminum�Clad�Wood�Window:

$19,332Heating�
Savings,�$206�Cooling�

Savings.��New�
windows�are�24%�
more�efficient�than�

existing

$23,014�Heating�
Savings,�$539�Cooling�

Savings.��New�
windows�are�29%�
more�efficient�than�

existing

Values

0.406�����������������������������
0.696

2,810,189,910�BTU/Year�Heating�
263,417,726�BTU/Year�Cooling

Option�3:��Replica�Aluminum�Clad�Wood�Sash�Replacement�and�Original�Frame�Restoration

3,004,000,514�BTU/Year�Heating�
296,646,130�BTU/Year�Cooling

Values
0.581�����������������������������
0.764

4,021,482,242�BTU/Year�Heating�
317,335,282�BTU/Year�Cooling

Values

0.434�����������������������������
0.741

�������������������������������������������������������������������������������������������������������������������

Criteria

Assembly�U�Value:�����
Shading�Coefficient:

Total�Estimated�
Energy�Consumption

Criteria

Assembly�U�Value:�����
Shading�Coefficient:

Total�Estimated�
Energy�Consumption�

$30,822�Heating�
Savings,�$588�Cooling�

Savings.��New�
windows�are�38%�
more�efficient�than�

existing

Windows�are�
between�29%�and�
38%�more�efficient�

than�existing

0.347�����������������������������
0.696

2,399,264,182�BTU/Year�Heating�
258,451,402�BTU/Year�Cooling

Option�3:��Replica�Aluminum�Clad�Wood�Sash�Replacement�and�Original�Frame�Restoration

Values

Range:��0.347�to�0.406��������������
0.696

Range:��2,339.27�to�2,810.19�
MBTU/Year�Heating����������������

Range:�258.45�to�263.42�
MBTU/Year�Cooling

Option�4:��Replica�Wood�Sash�Replacement�and�Original�Frame�Restoration

Values

�������������������������������������������������������������������������������������������������������������������
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REAL ESTATE AND CONSTRUCTION SERVICES
EXHIBIT L

PROJECT ENERGY/UTILITY SAVINGS   
Consultant A/E or vendor shall complete this form to indicate the energy saving initiatives that have been incorporated into the project 

along with respective energy savings amounts.  Return the completed form to the RECS Project Manager 

Project Name DATE

Facility Name State Project No. 
Location Building Name 

Item Project Component Energy Saving 
Initiative/Sustainable Initiative 

Unit Savings 
Btu/yr   KW/yr 

Annual Cost 
Savings

A Building Envelope
1 Foundation  
2 Wall
3 Roof 
4 Windows / Glazing 
5 Other

B Exterior Lighting 
1 Light Standards – parking 
2 Site Lighting 
3 Other

C Site
1 Land use 
2 Topsoil/Fill  
3 Landscaping 
4 Other

D Interior Lighting 
1 Fixture Type  
2 Direct / Indirect 
3 Luminaires (bulb type) 
4 Balast Type 
5 Foot Candle layout 
6 Other

E Interior Lighting Controls 
1 Offices
2 Conference Rooms 
3 Corridors 
4 Restrooms 
5 Storage 
6 Mech./Elec.
7 Switching  
8 Dimming 
9 Other

07/23/12Window Restoration Project

State Capitol Building
75 Rev. Dr. Martin Luther King Jr. Blvd State Capitol Building

Category Not Applicable

Category Not Applicable

Category Not Applicable

Category Not Applicable

N/A
N/A
N/A

N/A

02408CBL

Increased 30% Minimum $31,410.001,681,101,940 btu/yr
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REAL ESTATE AND CONSTRUCTION SERVICES

Item Project Component Energy Saving Initiative Unit Savings Annual Cost 
Savings

F Daylighting Control 
1 Borrowed light 
2 Other

G Mechanical Systems 
1 Heating 
2 Ventilation 
3 Air Conditioning 
4 Chillers 
5 Motors
6 VFDs
7 VAVs
8 Controls 
9 Pumps 
10 Heat Recovery 
11 Geothermal 
12 Solar 
13 Boiler / Controls 
14 Other

H Electrical Systems 
1 Feeder distances 
2 Other

I Water Systems 
1 Water Closets 
2 Lavatories 
3 Drinking Fountains 
4 Other

J Natural Gas Systems 

Annual Savings 
UNITS

Annual Savings 
DOLLARSTOTAL ENERGY/UTILITY SAVINGS 

COMMENTS (clarify any initiatives or provide any recommendations for future work that will result in energy or resource savings-use 
separate pages if needed)

A/E Consultant 
Name of Firm 
Name of Designer 
Title of Designer 
Signature

Note:  Attach Xcel’s or other utility provider’s  Energy Design Assistance information if applicable 

Category Not Applicable

Category Not Applicable

Category Not Applicable

Category Not Applicable

Category Not Applicable

This project only addresses window design. No other energy systems have been
evaluated. This estimate evaluation is for wood windows only, but the energy savings
for other window assemblies is available on page 37 of this report.

Schooley Caldwell Associates
Ned Goodburn

$31,410.001,681,101,940 btu/yr
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Red��=�Lowest�Cost
Cost�Per�Window

Option 1: $17 877

Present�Value�Window�Frame�Comparison�Study�for�Life�Cycle�Cost�Over�100�Year�Period:

���������every�ten�years�is�assumed�to�be�equal�for�all�the�window�frame�types�and�is�not�included�in

Life�Cycle�Cost�for�Each�Window

���������this�life�cycle�cost.

Assumptions�and�Clarifications:

LIFE�CYCLE�COST�ANALYSIS:

Option�1:��Aluminum�Window
Option�2:��Aluminum�Clad�Wood�Window
Option�3:��Replica�Aluminum�Clad�Wood�Sash�Replacement�and�Original�Frame�Restoration

Comparisons�for:

Option�4:��Replica�Wood�Sash�Replacement�and�Original�Frame�Restoration

���������5��Since�heating�is�so�predominant�in�the�energy�calculation,�the�DOE�discount�factor�used�to

���������6��The�cost�to�annually�wash�windows�and�to�replace�the�weather�stripping�and�sealants

���������1��The�discount�rate�(except�for�fuel)�is�based�on�4%.

���������3��The�energy�costs�used�in�the�calculation�are:��$1.00/Therm�cooling�and�$1.90/Therm�heating.
���������2��The�performance�of�the�glass�in�each�frame�is�assumed�to�be�equal.

���������4��The�discount�factors�adjusted�for�fuel�escalation�are�based�on�Department�of�Energy�(DOE�����������
���������2012)�using�a�3%�discount�rate�average�A0=1.26.

���������adjust�the�fuel�escalation��over�100�years�is�assumed�to�be�all�natural�gas.

����������������������������������������������������������������������������������������������

Option�1:�� $17,877
Option�2:�� $18,033
Option�3:��High�Energy�Use�Range $21,271
Option�3:��Low�Energy�Use�Range $19,987
Option�4:��10�Year�Exterior�Refinishing $16,527
Option�4:��6�Year�Exterior�Refinishing $17,425

Life�Cycle�Cost�for�All�Windows Total�Cost
Option�1:�� $17,877�x�242�= $4,326,234
Option�2:�� $18,033�x�242�= $4,363,986
Option�3:��High�Energy�Use�Range $21,271�x�242�= $5,147,582
Option�3:��Low�Energy�Use�Range $19,987�x�242�= $4,836,854
Option�4:��10�Year�Exterior�Refinishing $16,527�x�242�= $3,999,534
Option�4:��6�Year�Exterior�Refinishing $17,425�x�242�= $4,216,850

����������������������������������������������������������������������������������������������
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Option�1:��Aluminum�Window Cost�Per�Window

Initial�Cost: $6,020.00

Refinish�Exterior:*** 702�x�SPVn

in�the�25th,�35th,�65th,�and�75th�years 702�x�0.375�(25th) $263.25
702�x�0.253�(35th) $177.61
702�x�0.078�(65th) $54.76
702�x�0.053�(75th) $37.21

Replace�Windows:**
in�40th�and�80th�years 6,020�x�0.208�(40th) $1,252.16

6,020�x�0.043�(80th) $258.86

Annual�Energy�Costs:* 248.10�x�A0�(UPV100)
248.10�x�1.26�(31.38) $9,809.58

Residual�Value: 175�x�SPV100

(Scrap�Metal) 175�x�0.020 $3.50

Total�Life�Cycle�Cost�Per�Window: $17,877

** The cost for replacing the windows is assumed to be the same as the initial cost

*�Energy�factor�for�natural�gas�from�U.S.�Department�of�Commerce�(2010)�prepared�for�U.S.�
Department�of�Energy.��A0�=�1.26

**�The�cost�for�replacing�the�windows�is�assumed�to�be�the�same�as�the�initial�cost.

***�The�assumptions�used�for�generating�the�estimated�exterior�refinishing�costs�are�below�(options�2�
and�3�are�similar):
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Option�2:��Aluminum�Clad�Wood�Window Cost�Per�Window

Initial�Cost: $6,477.50

Refinish�Exterior:*** 702�x�SPVn

in�the�25th,�60th,�and�95th�years 702�x�0.375�(25th) $263.25
702�x�0.095�(60th) $66.69
702�x�0.024�(95th) $16.85

Replace�Windows:** 6,�477.50�x�SPVn

in�35th�and�70th�years 6,477.50�x�0.253 $1,638.81
6,477.50�x�0.064 $414.56

Annual�Energy�Costs:* 231.51�x�A0�(UPV100)
231.51�x�1.26�(31.38) $9,153.63

Residual�Value: 50�x�SPV100

(Scrap�Metal) 50�x�0.020 $1.00

Total�Life�Cycle�Cost�Per�Window: $18,033

** The cost for replacing the windows is assumed to be the same as the initial cost

*�Energy�factor�for�natural�gas�from�U.S.�Department�of�Commerce�(2010)�prepared�for�U.S.�
Department�of�Energy.��A0�=�1.26

**�The�cost�for�replacing�the�windows�is�assumed�to�be�the�same�as�the�initial�cost.

***�See�option�1�for�assumptions�used�for�generating�the�estimated�exterior�refinishing�costs.
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Cost�Per�Window

Initial�Cost: $8,936.25

Refinish�Exterior:*** 702�x�SPVn

in�the�25th,�60th,�and�95th�years 702��x�0.375�(25th) $263.25
702��x�0.095�(60th) $66.69
702��x�0.024�(95th) $16.85

Replace�Windows:** 8,936.25�x�SPVn

in�35th�and�70th�years 8,936.25�x�0.253 $2,260.87
8,936.25�x�0.064 $571.92

Annual�Energy�Costs:* 231.51�x�A0�(UPV100)
(High�Energy�Use�Range)**** 231.51�x�1.26�(31.38) $9,153.63

Annual�Energy�Costs:* 199.04�x�A0�(UPV100)
(Low�Energy�Use�Range)**** 199.04�x�1.26�(31.38) $7,869.80

Residual�Value: 50�x�SPV100

(Scrap�Metal) 50�x�0.020 $1.00

Total�Life�Cycle�Cost�Per�Window: High�Energy�Use�Range�= $21,271
Low Energy Use Range = $19 987

Option�3:��Replica�Aluminum�Clad�Wood�Sash�Replacement�and�Original�Frame�
Restored

Low�Energy�Use�Range�= $19,987

**�The�cost�for�replacing�the�windows�is�assumed�to�be�the�same�as�the�initial�cost.

***�See�option�1�for�assumptions�used�for�generating�the�estimated�exterior�refinishing�costs.

****�A�high�energy�use�range�and�a�low�energy�use�range�is�provided,�because�ASHRAE�standards�do�
not�indicate�estimated�energy�performance�for�unique�or�custom�window�assemblies�such�as�this.��
Therefore,�the�high�energy�use�range�reflects�the�energy�performance�of�a�standard�aluminum�clad�
wood�window�(like�in�option�2),�and�the�low�energy�use�range�reflects�the�energy�performance�of�a�
wood�window�(like�in�option�4).��The�actual�energy�usage�will�likely�be�between�the�high�and�low�range�
numbers�indicated.

*�Energy�factor�for�natural�gas�from�U.S.�Department�of�Commerce�(2010)�prepared�for�U.S.�
Department�of�Energy.��A0�=�1.26
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Option�4:��Replica�Wood�Sash�Replacement�and�Original�Frame�Restoration Cost�Per�Window

Initial�Cost: $7,596.25

Refinish�Exterior�Every�10�Years:** 446�x�SPVn

446�x�0.676�(10th) $301.50
�446�x�0.456�(20th) $203.38
446�x�0.308�(30th) $137.37
446�x�0.208�(40th) $92.77
446�x�0.141�(50th) $62.89
446�x�0.095�(60th) $42.37
446�x�0.064�(70th) $28.55
446�x�0.043�(80th) $19.18
446�x�0.029�(90th) $12.94

446�x�0.020�(100th) $8.92

Refinish�Exterior�Every�6�Years:** 446�x�SPVn

446�x�.790�(6th) $352.34
446�x�.620�(12th) $276.52
446�x�.464�(18th) $206.95
446�x�.390�(24th) $173.94
446�x�.308�(30th) $137.37
446�x�.244�(36th) $108.83
446�x�.193�(42nd) $86.08
446�x�.152�(48th) $67.80
446 x 120 (54th) $53 52446�x�.120�(54th) $53.52
446�x�.095�(60th) $42.37
446�x�.075�(66th) $33.45
446�x�.059�(72nd) $26.31
446�x�.047�(78th) $20.97
446�x�.037�(84th) $16.51
446�x�.029�(90th) $12.94
446�x�.023�(96th) $10.26

Refinish�Interior�Every�50�Years: 107.50�x�0.141�(50th) $15.16
107.50�x�0.020�(100th) $2.15

Annual�Repairs: 10.04�x�UPV100

10.04x31.38 $315.05

Annual�Energy�Costs:* 199.04�x�A0�(UPV100)
199.04�x�1.26�(31.38) $7,869.80

Residual�Value: None $0.00
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Total�Life�Cycle�Cost�Per�Window:
With�10�Year�Refinishing�Cycle**�= $16,527

With�6�Year�Refinishing�Cycle**�= $17,425

**�The�assumptions�used�for�generating�the�exterior�refinishing�costs�are�below.��The�design�team�
believes�that�a�10�year�exterior�refinishing�cycle�is�realistic�for�wood�windows�(see�footnote�32�in�the�
Window�Replacement�Options ).��Plant�Management�for�the�Minnesota�State�Capitol�has�suggested�
that�a�6�year�exterior�refinishing�schedule�may�be�preferred.��Therefore,�both�options�are�presented.

Assumptions�for�exterior�wood�refinishing:

*�Energy�factor�for�natural�gas�from�U.S.�Department�of�Commerce�(2010)�prepared�for�U.S.�
Department�of�Energy.��A0�=�1.26
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Appendix�A:��Exhibit�1�
�

Original�Drawings�–�Elevations�and�Window�Details�
�

Information�presented�in�this�appendix�was�obtained�from�the�Minnesota�State�Historical�Society�
�
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Appendix�A:��Exhibit�2�

�
Replacement�Aluminum�Window�Drawings�–�Elevations�and�

Window�Details�
�

Drawings�Provided�by�Minnesota�State�Capitol�Plant�Management�Services�
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Appendix�A:��Exhibit�3�

�
Historic�Photographs�

�
Historic�Photographs�Obtained�from�the�Minnesota�State�Historical�Society�

�
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Northwest Elevation - 1982

North Elevation - 1967
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Appendix�A:��Exhibit�4�

�
Original�Specifications�

�
Historic�Photographs�Obtained�from�the�Minnesota�State�Historical�Society�

�
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Appendix�B:��Exhibit�1�
�

Floor�Plans�–�Proposed�Numbering�
�
�

Preliminary Planning Phase Conclusions - Second Revision, September 11th, 2012 Page | 92



N
/A

N
/A

Preliminary Planning Phase Conclusions - Second Revision, September 11th, 2012 Page | 93



W

W

WWW

Preliminary Planning Phase Conclusions - Second Revision, September 11th, 2012 Page | 94



Preliminary Planning Phase Conclusions - Second Revision, September 11th, 2012 Page | 95



Preliminary Planning Phase Conclusions - Second Revision, September 11th, 2012 Page | 96



 
 

�
�
�
�
�
�
�
�

� �
�
�
�

Appendix�B:��Exhibit�2�
�

Photos:��Attorney�General’s�Office�
�
�
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Appendix�B:��Exhibit�3�
�

Photos:��Governor’s�Office�(Original�Office)�
�
�
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Appendix�B:��Exhibit�4�
�

Photos:��Window�Removals�
�

�
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Appendix�B:��Exhibit�5�
�

Typical�Existing�Aluminum�Window�
�

�
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Appendix�C:��Exhibit�1�
�

Northrop�Auditorium�Shop�Drawings�for�the�University�of�
Minnesota�

�
�

Note:�Window�option�3�described�in�this�report�is�a�system�very�similar�to�that�illustrated�in�this�
exhibit.�This�exhibit�is�included�to�illustrate�the�type�of�assembly�constructed�for�option�3.�The�
windows�for�the�Minnesota�State�Capitol�would�be�different�in�some�regards�(no�screens,�for�

example).�
�
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Appendix�C:��Exhibit�2�
�

Experience�of�Owners�Who�Have�Wood�Replacement�Windows�
�

Note:��This�exhibit�provides�information�gathered�exclusively�from�speaking�with�project�
managers,�maintenance�staff,�and�facilities�managers�regarding�their�experiences�with�wood�
windows.��Most�of�the�projects�included�are�historic�buildings,�some�of�which�are�high�profile�

buildings�(such�as�the�Idaho�State�Capitol).��Factors�that�might�contribute�to�variations�in�
window�condition�among�the�respondents�include�maintenance�schedules,�wood�species,�

quality�of�paints�and�primers,�climate,�and�other�such�factors.�

�
�
�
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Experience�of�Owners�Who�Have�Wood�Replacement�Windows:�

California�State�Capitol�(Sacramento,�CA):��

1) Current�Condition�of�Windows:��Excellent�
2) Year�Wood�Windows�were�Installed:�1983���During�the�building�restoration�
3) First�Repainting:��2002�(19�year�interval)�
4) Time�Elapsed�Since�Last�The�Repainting:��10�years�without�painting�thus�far,�and�the�next�paint�

cycle�is�expected�to�occur�next�year.�
5) Paint:��Dunn�Edwards�,�two�coats�of�Permasheen�(now�Evershield)�
6) Primer:��Dunn�Edwards,��one�coat�of�EZ�Prime�Premium�
7) Window�Maintenance�Schedule:��None/As�needed�
8) Maintenance�Comments:��According�to�a�millwork�and�window�specialist�company�that�

performs�maintenance�for�the�State�Capitol,�the�windows�have�required�no�repairs�to�sashes,�
frames,�glazing�units,�or�hardware�since�their�restoration�in�1983.�

9) Other�Notes:���
a. These�windows�are�a�light�color.���
b. The�painter’s�advice�for�ensuring�longevity�in�repainting�is�to�build�up�heavy�coatings�

of�paint�(high�mils).���
c. The�painters�will�be�recommending�that�the�State�of�California�put�some�money�

aside�for�repainting�the�south�and�west�windows�within�the�next�year�or�two.�

Idaho�State�Capitol�(Boise,�ID):�

1) Current�Condition�of�Windows:��Excellent�
2) Year�Wood�Windows�were�Restored�(frames)�/�Installed�(sashes):�2009.�
3) First�Repainting:��None�yet�
4) Time�Elapsed�Since�The�Last�Repainting:��N/A�
5) Paint:��Standard�Factory�Exterior�Finish�by�Re�View�Windows�(Duration�by�Sherwin�Williams)�
6) Primer:��Standard�Factory�Exterior�Primer�by�Re�View�Windows�(Prep�Rite�Quick�Seal�by�Sherwin�

Williams)�
7) Window�Maintenance�Schedule:��None/As�needed�
8) Maintenance�Comments:�

a. One�project�manager�noted�that�on�a�different�state�project,�they�encountered�
insulated�glazing�unit�failures�that�the�glass�manufacturer�would�not�warrant,�as�
it�was�attributed�to�window�coverings�(mechoshades)�being�placed�too�close�to�
the�glazing�units.��Allegedly,�the�close�proximity�of�the�shade�to�the�glazing�units�
“baked”�them�until�they�failed.���

i. Note:�This�type�of�problem�is�not�unique�to�wood�windows,�and�would�
also�occur�at�aluminum�and�aluminum�clad�wood�windows.�

b. The�modern�weather�stripping�between�the�jamb�and�sash�failed�on�roughly�3�
to�5�of�the�windows�at�the�State�Capitol�a�few�years�after�installation.�

9) Other�Notes:���
a. The�original�wood�windows�and�frames�were�103�years�old�at�the�time�of�the�

restoration.��Both�the�frames�and�sashes�were�in�good�condition�in�2009�(able�to�
be�restored).���But�due�to�the�cost�associated�with�restoring�the�sashes�in�place,�
the�decision�was�made�to�replace�the�original�sashes�with�new�wood�sashes,�
and�to�restore�the�existing�frames.�
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b. The�exterior�finishes�were�factory�finishes,�and�the�interior�finishes�were�stains�
applied�on�site.�

c. When�restoring�wood�features,�one�of�the�project�managers�recommend�hiring�
contractors�who�are�turn�key�responsible�for�removing�hazardous�materials�or�
stabilizing�them�and�also�responsible�for�the�new�finishes.��This�ensures�that�if�
the�new�finishes�fail,�a�separate�contractor�cannot�be�blamed�for�abatement�or�
stabilization�practices.�

d. The�new�sashes�are�Mahogany.�

Delaware�County�Courthouse�(Delaware,�Ohio):�

1) Current�Condition�of�Windows:��Excellent�
2) Year�Wood�Windows�were�Rehabilitated:��1998�
3) First�Repainting:��2008�(10�year�interval)�
4) Time�Elapsed�Since�The�Last�Repainting:��The�last�painting�occurred�in�2008,�and�the�windows�

have�not�required�painting�since�then.�
5) Paint:��Sherwin�Williams�Duration�
6) Primer:��None�Used�–�Duration�Paint�mentioned�above�can�be�self�priming.�
7) Window�Maintenance�Schedule:��None�/�As�Needed�
8) Maintenance�Comments:��No�repairs�have�been�required�since�installation.���
9) Other�Notes:���

a. Windows�are�a�dark�red�color.�

Cultural�Arts�Center�(Columbus,�Ohio):�

1) Current�Condition�of�Wood�Windows:��Very�Good�
2) Year�Wood�Windows�Were�Installed:��1978�
3) First�Repainting:��Unknown.�
4) Time�Elapsed�Since�The�Last�Repainting:��The�owner�was�uncertain,�but�estimated�10�years�since�

the�previous�repainting.��A�member�of�the�maintenance�staff�estimated�that�15�years�had�
passed�since�the�previous�repainting.�

5) Paint:��Sherwin�Williams�–�Type�Unknown�
6) Primer:��Sherwin�Williams�–�Type�Unknown�
7) Window�Maintenance�Schedule:��None/As�Needed�
8) Maintenance�Comments:��Two�window�sills�have�been�replaced�due�to�rot.��Aluminum�was�

placed�over�two�or�three�of�the�window�sills�at�elevated�locations�to�protect�the�wood.�
9) Other�Notes:�

a. Windows�are�a�dark�color�

University�of�Minnesota�(Minneapolis,�MN):�

Note:��The�University�of�Minnesota�has�thousands�of�wood�windows�on�many�buildings.��Therefore,�
no�single�building�was�discussed.��The�following�are�general�observations�regarding�the�current�
condition�of�the�wood�windows.��Specific�building�conditions�and�maintenance�schedules�for�
individual�buildings�were�not�discussed.�
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1) Current�Condition�of�Windows:��Varies�from�good�to�bad�depending�on�the�building.��Many�of�
them�currently�need�repainting�and�repairs.�

2) Year�Wood�Windows�were�Installed:��Varies�by�building.��Many�of�these�windows�are�historic�
wood�windows�with�original�hardware.��Some�are�likely�quite�old,�but�no�specifics�were�
mentioned.�

3) First�repainting:��Varies�by�building.�
4) Time�Elapsed�Since�The�Last�Repainting:��Varies�by�building.���
5) Paint:��Sherwin�Williams,�two�coats�of�Life�Master.�
6) Primer:��Sherwin�Williams,�usually�one,�but�sometimes�two�coats�of�XIM�UMA.�
7) Window�Maintenance�Schedule:��In�the�past,�the�University�conducted�inspections�every�five�

years,�but�has�since�stopped.��Maintenance�is�now�as�required.��
8) Maintenance�Comments:��The�maintenance�staff�suggested�that�the�windows�need�repainted�

every�five�to�eight�years.��Generally�this�involves�scraping�them�of�loose�debris,�priming�and�
painting.��Oil�based�paints�seem�to�work�best�but�are�avoided�due�to�volatile�organic�compounds�
(V.O.C.).��Frequency�of�painting�required�often�depends�on�microclimate�on�each�side�of�the�
building.���

9) Other�Notes:���
a. The�maintenance�staff�prefers�the�aluminum�clad�wood�windows�on�campus�for�

their�low�maintenance�requirements.��They�could�not�comment�on�the�lifespan�of�
the�aluminum�clad�wood�windows,�but�conveyed�their�good�appearance�years�after�
installation�(10�years�was�indicated).�

Franklin�County�Courthouse�(Ottawa,�KS):�

1) Current�Condition�of�Windows:��Good�
2) Year�Wood�Windows�were�Restored:�2001�(Original�building�construction�in�1893�–�The�

maintenance�staff�believes�these�are�the�original�windows).�
3) First�Repainting:��None�yet.��(11�years�have�passed�without�painting�thus�far)�
4) Time�Elapsed�Since�The�Last�Repainting:��N/A���But�painting�is�expected�to�occur�within�the�next�

year.�
5) Paint:��Tenaco�Epoxy�by�Viking�Paints�
6) Primer:��Sherwin�Williams,�product�name�unknown.�
7) Window�Maintenance�Schedule:��None/As�needed�
8) Maintenance�Comments:�

a. The�paint�began�peeling�and�bubbling�two�to�three�years�after�being�restored�in�
2001.��No�official�cause�has�been�determined.��But�the�potential�causes�could�be�
that�1)�the�paint�strippers�used�during�the�restoration�were�not�properly�
neutralized�prior�to�applying�the�new�paints�and�primer,�or�it�could�be�that�2)�an�
incompatible�paint�and�primer�were�used.�

b. The�maintenance�staff�recommended�that�any�institution�considering�wood�
windows�should�have�a�maintenance�schedule�in�place�for�maintaining�them.�

9) Other�Notes:���
a. The�maintenance�staff�indicated�that�modifying�the�original�sashes�to�add�

double�glazing�made�a�significant�difference�in�occupant�comfort�(compared�to�
the�original�single�glazed�units).�

b. The�maintenance�staff�also�admires�the�wood�windows�and�recognizes�their�
historic�value.��They�indicated�that�visitors�are�very�impressed�by�them.�
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Eastern�Jackson�County�Courthouse�(Independence,�MO):�

1) Current�Condition�of�Windows:��Good���
2) Year�Wood�Windows�were�Restored�(frames)�/�Installed�(sashes):�The�maintenance�staff�was�

somewhat�uncertain,�but�believes�this�occurred�in�2001.�
3) First�Repainting:��2010�(9�year�interval)�
4) Time�Elapsed�Since�The�Last�Repainting:��The�last�painting�occurred�in�2010,�and�the�windows�

have�not�required�painting�since�then.�
5) Paint:��Sherwin�Williams,�product�name�unknown.�
6) Primer:��Sherwin�Williams,�product�name�unknown.�
7) Window�Maintenance�Schedule:��None/As�needed�
8) Maintenance�Comments:�

a. No�window�components�have�required�repair�thus�far�(weights,�chains,�pulleys,�
IGU’s,�etc).�

9) Other�Notes:���
a. A�Honduran�Mahogany�was�used�for�the�replica�sashes.�
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Appendix�D:��Exhibit�1�
�

Summary�Power�Point�Presentation�from�June�27th,�2012�
�
�
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PROJECT: Minnesota State Capitol – Window Replacement, French Door Restoration and 
Exterior Stone Repair 

 HGA Commission Number 0476-059-00 

FROM: Michael Bjornberg WRITER’S DIRECT DIAL 612-758-4385 

DATE:  June 29, 2012 REVISED 

MEETING 
 Purpose: Agency Informational Meeting 
 Date: June 13, 2012 Time: 9:00 a.m. - 11:30 a.m. 
 Location:  Minnesota State Capitol Room #125 
 
PRESENT: CAAPB RECS HGA 

 Tom Blanck Harvey Jaeger Michael Bjornberg 
 Paul Mandell  Ginny Lackovic 
 Bill Sanders SCA  
 Nancy Stark Brian Kiggins  
    
 SHPO/MHS WJE  
 Sarah Beimers Michael Scheffler  
 Brian Pease   
 Natascha Wiener   
    
    

 
COPIES: Those Present State of Minnesota HGA 

 JE Dunn Gordy Specht Tim Carlson 
 Jeff Callinan  Kelley Casey 
 Jason McMillen WJE Becky Greco 
  Mike Ford Deb Young 
 SCA   
 Robert Loversidge   
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Minnesota State Capitol 
June 18, 2012 
Page 2 
 
 
 Item Action By 

1.  Purpose of Meeting  

 A. The Department of Administration in conjunction with HGA, WJE 
and SCA are initiating work to repair, restore and/or replace key 
exterior elements of the State Capitol Building. These elements 
include: 

� Window Replacement (2 original wood windows remain). 
� French Door and Side Lights Restoration (28 pairs). 
� Exterior Stone (Georgia Marble and Cold Spring Granite) 

Repair/Restoration. 

 

2.  Desired Meeting Outcome  

 A. The design team is requesting feedback, counsel and discussion as to 
the options of preservation philosophy of Window Replacement, 
French Door Restoration and Exterior Stone Repair effort as it relates 
to retaining/removal of historic fabric, repair of historic fabric, and 
potential differentiation of new stone and existing stone. 

 

 B. Harvey Jaeger (RECS) provided an overview of the exterior projects 
and work planned. 

 

3.  Window Replacement  

 A. Michael Bjornberg (HGA) provided an overview of the Window 
Replacement project and the issues that are likely to be encountered.  

 

 B. It was noted that the current windows are aluminum replacements 
(approximately 40 years old) and are in need of replacement. The 
design team has been assembling original and replacement 
documentation to fully understand original intent and current 
conditions. Initial investigation has determined that the current 
replacement windows panned over the original frames and sills, 
leaving the original fabric relatively intact and reusable. The hardware 
(pulleys, chains and weights were removed.) Research of historic 
photos shows the original windows to have been of a dark color. 
Review of the current condition shows a lighter paint color that was 
painted over the dark color.  

 

 C. There are two original windows in place in the Attorney General’s 
Office area. The design team had not been granted access to this area 
prior to this meeting. In is hoped that these windows will provide 
additional information to inform the replacement process.  
Editor’s Note: On the morning of June 14, 2012, the design team was allowed 
access into the office area to observe the original windows. It was noted that the 
original windows are in sound, functioning condition (lower sash moves easily, the 
upper sash is painted shut), and that the hardware is intact. The windows have 
likely been protected by the storm windows and that attributes to their good 
condition.  
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 Item Action By 

 D. Michael noted that the Capitol Preservation Commission’s 
Comprehensive Master Plan had recommended replacement with used 
wood windows as the basis for the budget estimate. The Department 
of Administration has instructed the design team to evaluate window 
types/options, which may include aluminum replacements, aluminum 
clad wood windows and wood windows. State maintenance staff had 
indicated concern about ongoing maintenance of painted wood 
windows. 

 

 E. It was noted that the areas requiring research, input and resolution 
include: 

� Original frame condition 
� Replacement window material 
� Security requirements 
� Maintenance 
� Energy efficiency options 
� Fixed or operable working 

 

 F. Michael noted that there is a current condition assessment effort 
underway and asked Brian Kiggins (SCA) to provide an update on 
findings. 

 

4.  Condition Assessment Update  

 A. Existing aluminum sash – existing aluminum sash are in fair condition.  
There is evidence of air/moisture infiltration at mitred corner joints. 
Loose and/or deteriorated weather stripping is no longer protecting 
against infiltration.  Maintenance staff reports complaints of both air 
and water leakage. Perimeter sealant is severely weathered.  

Aluminum assemblies are nearly 40 years old, not serviceable, and 
likely beyond their useful lifespan. No testing has been done to verify 
current performance and Harvey Jaeger does not believe that 
performance testing is required.  

 

 B. Original wood frames are intact behind aluminum panning. For the 
most part, wood at frame jambs and sills is in good condition. 
However, to facilitate installation of aluminum window assemblies, the 
parting stop has been crudely removed. The parting stop appears to be 
integral with the sash box. Although damaged, the wood assembly is 
repairable and serviceable.  

The most severe deterioration (dry rot and previous Dutchman repair) 
found to date was observed at a third floor round window frame. This 
frame may be a candidate for replacement, or, repair using wood 
consolidant and epoxy could be considered. These alternatives began a 
discussion of Preservation philosophy. 

 

 C. Window sash pulleys have been removed. Further exploration of sash 
pockets revealed that sash chains and weights were also removed. 
Brian described the size, shape and construction of the sash box. 
There appears to be ample room to accommodate large sized or 
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additional sash weights as required to support single hung window 
operation. 

 D. Observed color on remaining exterior wood members- The most 
recent paint layer is light in color; the sill is slightly darker in tone than 
the frames. The oldest remaining paint layers on frames and sill are 
very dark in color. In some locations, intermediate layers of light and 
dark paint were observed. Photographic evidence over the years shows 
light frames and sash in 1904, dark frames in 1905, 1913.  

Tom Blanck (CAAPB Advisor) commented on Cass Gilbert’s use of 
color and his tendency to accentuate certain features using subtle 
variations in tone. He noted that he would not be surprised to find 
that multiple colors were used on sash and frame members.  

Michael Bjornberg believes paint testing may have been accomplished 
previously. The extent and level of analysis is not known at this time. 
Brian Pease believes there may be copies of paint analysis reports in 
the MHS files. 

Editor’s Note:  Paint research was mentioned in the 1988 Comprehensive 
Preservation Plan and Implementation Strategy, authored by Miller Dunwiddie. 
According to this document, localized evaluation of painted surfaces in public and 
ceremonial areas of the Minnesota State Capitol was performed using low power 
magnification. Color identification was derived by visually matching samples to the 
Munsel Color System.   

 

 E. Interior finishes – in many rooms the finish appears to be lighter, 
blonder. In some locations, color and pattern varies considerably and 
it is difficult to ascertain which finishes, if any, are original.  Previous 
testing reports or more thorough testing and analysis would be helpful 
to understand type, color and composition of original finishes and to 
guide restoration. This information becomes more important if there 
is any danger of losing or compromising existing finishes as a result of 
extensive repairs.  

From a Preservation perspective, any original fabric should be 
protected and preserved intact to the greatest extent feasible. Where 
information is not available, the repair strategy would be to match 
existing.  

 

5.  Historic Assemblies Findings  

 A. Storm windows – storms are visible in later images (1967), but rarely 
seen in early photographs. However, the original specifications do 
outline requirements for storm sash including: size, material, glass 
type, lite patterns. Although inclusion in the specifications does not 
provide conclusive evidence that storm sash were installed, it does 
confirm intent. Lack of photographic evidence could be a 
consequence of seasonal use, the storm sash were intended for winter 
use and were likely removed during milder seasons. However, there 
are photographs with snow on the ground and storm windows are not 
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visible.  
B. Initial research from the original drawings and specifications, indicates 

that there may have been a provision for an operable panel within the 
original storm window design. 
 
The design team did not see evidence of a nailing pattern to suggest 
previous installation of weather-stripping. MHS records from 1935-36 
indicate that weather stripping was installed in exterior openings and 
that 90 storm windows were built and installed. This raises the 
question of whether storms may have been introduced in phases or 
used only in specific locations or if they were replacing prior storm 
windows that were deteriorated. Again, photographic evidence shows 
storm windows on the north side and wings but not on the south. 
More investigation is likely required, if available. 
 
Frame ID tags: these are likely storm window identifying tags. The 
tags do not appear to date to the turn of the century (Tom Blanck). 
 
Tom Black provided background information on Cass Gilbert design 
tendencies: obsession with large panes of glass, preference for awning 
type operation with central pivot, little concern for energy efficiency. 
Tom suggested that the design for new storm windows (if included) 
should mimic the primary windows to emphasize the intended more 
formal appearance and not try to replicate the original divided lite 
pattern. Natascha Wiener (SHPO) cautioned the team to tread 
carefully when it comes to interpretation of historic.  
 
The question of weather-tightness was raised. Historically, storms 
served as a wind barrier but were not intended to be “air-tight”.  
Moderate air infiltration helped protect against condensation. If storm 
windows are re-introduced, the potential for condensation would need 
to be addressed. 

6.  Preservation philosophy and project approach (general discussion)  

 A. Sarah Beimers (MHS) asked which preservation approach 
(Rehabilitation, Restoration, Preservation or Rehabilitation) was going 
to be pursued. 

 

 B. Natascha Wiener (SHPO) commented that a Historic Structures 
Report (HSR) would establish a sound preservation plan and serve as a 
guide for treatment standards. It was noted that there is no HSR on 
the Capitol at this time 

 

 C. Nancy Stark (CAAPB) asked for clarification about the Preservation 
Standards. Natascha described the 4 approaches;  

Preservation, Rehabilitation, Restoration, and Reconstruction. 

The first treatment, Preservation, places a high premium on the retention of 
all historic fabric through conservation, maintenance and repair. It reflects a 
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building's continuum over time, through successive occupancies, and the 
respectful changes and alterations that are made.  
Rehabilitation, the second treatment, emphasizes the retention and repair of 
historic materials, but more latitude is provided for replacement because it is 
assumed the property is more deteriorated prior to work. (Both Preservation 
and Rehabilitation standards focus attention on the preservation of those 
materials, features, finishes, spaces, and spatial relationships that, together, 
give a property its historic character.)  
Restoration, the third treatment, focuses on the retention of materials from 
the most significant time in a property's history, while permitting the removal 
of materials from other periods.  
Reconstruction, the fourth treatment, establishes limited opportunities to re-
create a non-surviving site, landscape, building, structure, or object in all new 
materials. 

 A. Nancy Stark asked if treatment standards were decided on a location-
by-location basis or if they were applied throughout. SCA answered 
that it is fairly common to establish preservation zones to help control 
cost and focus more thorough restoration efforts where they are 
needed most. They are often derived from research that also identifies 
remaining, intact historic fabric and are tied to a particular era of 
history. 

 

 B. Replacement materials were discussed – According to the original 
specification, sash and frame members were to be crafted using white 
pine. All agreed that pine available today does not compare to the old 
growth wood used during original construction.  Material considered 
for sash replacement could include: salvaged old growth white pine 
(although required quantities may make that difficult to accomplish); 
more durable wood species such as spruce, cypress or mahogany 
(sustainable practices may factor in); aluminum clad wood sash or 
aluminum.   

 

 C. Tom Blanck mentioned a Canadian company (Loewen Windows) that 
use old growth red fir to construct high quality wood restoration 
window sash. He thought that even if they are not awarded the 
contract for construction, they may be good a technical resource 
and/or could potentially help facilitate acquisition of material 
resources. 

 

 D. Because the windows were originally painted, a variety of replacement 
options could be considered. An important factor to consider when 
selecting a product is the ability of the manufacturer to match the 
existing profile.  All agreed that durability is another key component.  
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 E. Discussion of the options yielded the following potential replacement 
options: 

� New wood sash with restored frames and sills, new hardware. 
� Wood sash with panned frames and sills, new hardware. 
� Clad wood sash with panned frames and sills, new hardware. 
� Aluminum windows with panned frames and sills, new 

hardware. 

It was noted that the more objectionable component of the current 
windows was the appearance and presence of the aluminum interior 
material and finish. 

 

7.  Window Performance Requirements and Considerations (general 
discussion) 

 

 A. Energy efficiency- MHS records from 1935-36 indicate that weather 
stripping was installed in exterior openings; the design team did not 
see evidence of a nailing pattern to suggest previous installation of 
weather stripping.  

 

 B. Operability: It is likely that engineers and Plant Management staff 
would advocate for non-operable windows to control heating/cooling, 
improve energy efficiency and reduce required maintenance. Non-
operable windows would also result in a higher level of security. User 
groups and building occupants would more than likely prefer operable 
window options.  

Although the original windows were double hung, all agreed that 
single hung function, perhaps with limited opening capacity, is a 
reasonable compromise and the preferred strategy.  

Current aluminum sash are spring balanced. These systems tend to 
wear out and are difficult, if not impossible, to repair because parts 
become obsolete within a short period of time. Traditional counter-
balanced systems with pulleys and sash weights are more reliable, 
adjustable and easily repairable. 

 

 C. Security- the design team will need guidance on requirements and 
locations for bullet proof glass and/or blast resistant assemblies. 
Meeting these requirements could add significant cost to the project 
and should be considered along with operability. Operability would 
compromise protection offered by security measures at the glazing.  

 

 D. Nancy Stark mentioned that a Security Task Force has been assembled 
and will begin to meet some time in August.  Unfortunately, this 
meeting process will occur after the deadline for window decisions.  

 

8.  French Doors Overview  
Michael provided an overview of the French Door work to date and the 
intended work underway. 

 

 A. The intent is to make repairs that restore condition and function of 
original door assemblies. 
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 B. Field surveys indicate that interior finishes may have been modified 
several times over the years. It is difficult to ascertain which finishes, if 
any, are still original.  Previous testing reports or more thorough 
testing and analysis would be helpful to understand type, color and 
composition of original finishes and to guide restoration. This 
information becomes more important if there is any danger of losing 
or compromising existing finishes as a result of extensive repairs.  

 

 C. From a Preservation perspective, any original finishes should be 
protected and preserved intact to the greatest extent feasible. Where 
information is not available, the repair strategy would be to match 
existing.  

 

 D. Previous research by HGA suggests that paint analysis was performed 
on French doors as part of the repair project undertaken in 2000.  
Meeting minutes state that Dan Tarnoveanu of Renaissance Art, 
Restoration and Architecture (RARA) was commissioned by the state 
to take samples and develop formulations for historic stain and paint 
colors. The resulting colors were approved by State Historical 
Architect Charlie Nelson.  

 

 E. The additional weight of insulated glazing units (IGU) may be 
contributing to the condition and compromised functionality of the 
doors. 

 

 F. A pair of doors at the second story south loggia have been selected for 
mock-up repair and restoration. 

 

 G. The State needs to verify operation and functional requirements.   

 H. ADA accessibility was brought up. Tom stated that the MN Supreme 
Court has declared the State Capitol a “Work-of-Art” and that this 
declaration exempts the Capitol from strict compliance with ADA 
requirements. Editor’s note: Subsequent research on this topic has located a 
CAAPB Policy Document (December 1998) titled, For Works of Art in the 
Minnesota State Capitol, that details the MHS oversight of “Works of Art” 
within the Capitol Building, but does specifically state the Capitol Building to be a 
“Work of Art” and as such exempt from ADA. Minnesota Statute – 1998 
Chapter 15.50 Subdivision 1, Section j& k and Chapter 138 (.67, .68, .69) 

 

 

 I. It was noted that the areas requiring research, input and resolution 
include: 

� Abatement of lead based finishes. 
� Hardware requirements. 
� Security requirements (access). 
� Energy efficiency options. 
� Finishes (interior and exterior). 
� Fixed/operable working. 
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9.  Stone Repair Overview   

 A. Michael and Ginny Lackovic (HGA) provided an overview of the 
scope of the Exterior Stone Repair assessments to date, the 
conclusions and the work underway.  

 

 B. It was noted that the Stone assessments have concluded that the 
exterior marble is in great need of repair and in some cases 
replacement. There has been significant weathering, deterioration, 
fracturing, sugaring and prior failed repair procedures that require 
immediate attention. 

 

 C. It was noted that the work will likely involve the following approaches: 
� Cleaning (organic growths). 
� Removal of sugaring surfacing. 
� Patching of cracks and fissures. 
� Dutchman patches. 
� Partial stone replacement. 
� Full stone replacement. 

 

 D. There was discussion about prior consolidant tests and any 
opportunity to stabilize with new consolidant products. Mike Scheffler 
(WJE) noted that the prior consolidants did not help and current 
consolidant products have not proven to be effective with marble. The 
consolidant cannot penetrate deep enough to help alleviate the 
deterioration and observations of other examples tend to suggest that 
it does more harm than good. The consolidant hardens the exterior 
layer, but allows the deterioration to continue behind this layer 
resulting in a larger piece failing without warning. Thermal hysteresis is 
the primary facilitator of observed stone deterioration at the 
Capitol.  This heating and cooling phenomenon is most present at the 
richly carved protruding elements – these would still have the same 
vulnerability. 

 

 E. Mike noted that WJE has reviewed the stone consolidant samples 
from prior testing, which are located on the building roof. 

 

 F. Natascha asked if either material properties or general conditions were 
more responsible for observed degradation. Mike S. listed the 
following as primary contributing factors: original tooling methods 
that resulted in increased microfractures at the surface consequently 
making the stone more vulnerable to water intrusion; thermal cycling, 
exposure. 

 

 G. There was discussion about potential Preservation strategies that could 
involve development of varied philosophy that differentiate between 
facades or height (viewing ability) to accommodate limited budget to 
implement all of the repair work. While this is likely not ‘What Cass 
Might Do” it may be a reasonable response to allocation of resources 
to address the most pressing needs of repair and restoration. 
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 H. It was noted that the areas requiring research, input and resolution 
include: 

� Development of a preservation philosophy for the exterior 
stone. 

� Retaining existing historic fabric versus replacement. 
� Removal of sugaring while retaining original material. 
� New marble will not match weathered and discolored existing 

marble. 
� New marble will not match texture of weathered marble. 
� Amount of replacement detail to be carved/replicated. 
� Short term and long term maintenance strategies. 

 

 I. Harvey asked SHPO what initial thoughts they may have on this 
project and process. 

 

 J. Natascha noted that long term preservation should take precedence 
over aesthetics. She added that the intent should not be to make things 
perfect.  Unless conditions are causing potential damage to the 
building, it is preferable from a preservation perspective, to leave them 
alone. There may be occasions when conditions are not a threat to 
building integrity but replacement or repair is recommended to re-
establish the character of important architectural features. This type if 
intervention would not take place without further discussion. 

 

 K. It was noted that mock-ups would be implemented yet this year and 
further reviews and discussion would occur. All would be invited to 
review and offer opinions. 

 

 
 
The foregoing represents HGA's understanding of the discussions and decisions made during this 
meeting.  If anyone has any changes or comments, please notify the author within seven days of 
the date of this document. 
 
 
Enclosure 
 
s:\0000\476\059-00\1. general communications\meeting minutes\20120613-mjb-agency info.docx 
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e 
no

t i
m

po
rt

an
t t

o 
th

e 
hi

st
or

ic
 si

gn
ifi

ca
nc

e 
of

 th
e

bu
ild

in
g.

R
e-

cr
ea

tin
g 

a 
hi

st
or

ic
 fl

oo
r p

la
n 

or
 in

te
rio

r s
pa

ce
s, 

in
cl

ud
in

g
th

e 
siz

e,
 c

on
fig

ur
at

io
n,

 p
ro

po
rt

io
n,

 a
nd

 re
la

tio
ns

hi
p 

of
 ro

om
s

an
d 

co
rr

id
or

s; 
th

e 
re

la
tio

ns
hi

p 
of

 fe
at

ur
es

 to
 sp

ac
es

; a
nd

 th
e

sp
ac

es
 th

em
se

lv
es

.

N
ot

 R
ec

om
m

en
de

d

R
ec

on
st

ru
ct

in
g 

fe
at

ur
es

 th
at

 c
an

no
t b

e 
do

cu
m

en
te

d 
hi

st
or

i-
ca

lly
 o

r f
or

 w
hi

ch
 in

ad
eq

ua
te

 d
oc

um
en

ta
tio

n 
ex

ist
s.

U
sin

g 
su

bs
tit

ut
e 

m
at

er
ia

ls 
th

at
 d

o 
no

t c
on

ve
y 

th
e 

ap
pe

ar
an

ce
of

 th
e 

hi
st

or
ic

 b
ui

ld
in

g.

O
m

itt
in

g 
a 

do
cu

m
en

te
d 

ex
te

rio
r f

ea
tu

re
; o

r r
e-

bu
ild

in
g 

a 
fe

a-
tu

re
, b

ut
 a

lte
rin

g 
its

 h
ist

or
ic

 d
es

ig
n.

U
sin

g 
in

ap
pr

op
ria

te
 d

es
ig

ns
 o

r m
at

er
ia

ls 
th

at
 d

o 
no

t c
on

ve
y

th
e 

hi
st

or
ic

 a
pp

ea
ra

nc
e,

 su
ch

 a
s a

lu
m

in
um

 st
or

m
 a

nd
 sc

re
en

w
in

do
w

 c
om

bi
na

tio
ns

.

U
sin

g 
pa

in
t c

ol
or

s t
ha

t c
an

no
t b

e 
do

cu
m

en
te

d 
th

ro
ug

h
re

se
ar

ch
 a

nd
 in

ve
st

ig
at

io
n 

to
 b

e 
ap

pr
op

ria
te

 to
 th

e 
bu

ild
in

g
or

 u
sin

g 
ot

he
r u

nd
oc

um
en

te
d 

fin
ish

es
.

Fa
ili

ng
 to

 e
xp

la
in

 th
at

 th
e 

bu
ild

in
g 

is 
a 

re
co

ns
tr

uc
tio

n,
 th

us
co

nf
us

in
g 

th
e 

pu
bl

ic
 u

nd
er

st
an

di
ng

.

C
ha

ng
in

g 
th

e 
do

cu
m

en
te

d 
ap

pe
ar

an
ce

 o
f v

isi
bl

e 
fe

at
ur

es
 o

f
th

e 
st

ru
ct

ur
al

 sy
st

em
.

A
lte

rin
g 

th
e 

do
cu

m
en

te
d 

hi
st

or
ic

 fl
oo

r p
la

n 
or

 re
lo

ca
tin

g 
an

 im
po

rt
an

t i
nt

er
io

r f
ea

tu
re

 su
ch

 a
s a

 st
ai

rc
as

e 
so

 th
at

 th
e

hi
st

or
ic

 re
la

tio
ns

hi
p 

be
tw

ee
n 

th
e 

fe
at

ur
e 

an
d 

sp
ac

e 
is 

in
ac

cu
-

ra
te

ly
 d

ep
ic

te
d.
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