
 
 

 

 
 
May 1, 2018 
 
Trait Thompson 
OMES 
2300 North Lincoln Blvd. 
Oklahoma City, Oklahoma 73105 
 
 Re: Oklahoma State Capitol Exterior Restoration Project 
  JE Dunn Project No. 15025800 
  CAP Project No. 15039B  
 
Dear Trait Thompson,  
 

The following memo summarizes the evolution of the Oklahoma State Capitol’s exterior 
window assembly and design and further explains the natural occurrence of condensation on these 
windows. 

 
The restored historic windows are steel with a single pane of laminated glass.  They are  

set into the building masonry wall construction.  Masonry, steel and glass are conductive materials 
and their temperature will trend with the outside temperatures.  In the winter, the exterior windows 
will be cold.  In the winter, air inside the building is warmer and has the capacity to carry more 
moisture than colder outside air. Moisture in warm interior air will condense on cold surfaces, 
whether they be drinking glasses, refrigeration equipment or exterior windows. Condensation is 
most likely to occur on the interior surface of windows during the winter and after sudden changes 
in temperature and humidity levels during any season.  This phenomenon is normal.  
 

The interior storm windows installed as part of the restoration are intended to improve  
thermal comfort for occupants and thermal performance of the window openings.  Their installation 
means that the exterior window will be colder during cold weather than it would without the storm 
window. Unlike previous installations, the new storm windows are vented. The vents allow 
condensation (when it occurs) to dry by passively circulating conditioned air between the exterior 
window and the storm window. This drying is necessary to prolong the life of the windows. The 
previous storm windows were sealed without any vents, preventing air circulation and trapping 
moisture that led to the deterioration of the window sills.  
 

A. Circulation may be affected by window treatments and furniture. Window treatments or 
furniture placed in such a manner as to block or impede air flow around the windows 
will slow the drying process.  

B. Circulation may be affected by HVAC system controls.  If systems are set to a “night 
mode” or a temperature where fans run less frequently this will slow the drying process.  

 
Interior construction and changes to the HVAC system will have an impact on  



 

 

condensation.   
 

A. While exterior construction is planned to complete in 2019, interior construction is 
planned to continue until 2021. As changes are made to interior wall partitions, routing 
of heating and air conditioning ductwork, and controls, certain rooms may not be 
optimally conditioned.  This may mean decreased air flow which will slow drying.  
Testing and balancing as well as commissioning at the end of the interior restoration 
should reduce condensation and accelerate drying when it does occur.  

B. Adding humidification to interior spaces increases the likelihood of condensation 
occurring. The exterior restoration team does not recommend humidifying the building or 
spaces within the building. Humidification will increase condensation, not only where it 
can be observed on windows, but will also result in condensation within the wall 
assembly. As the walls are made of masonry with ferrous reinforcement and ties, 
condensation in the wall would deteriorate the envelope and structural frame.  

 
The condensation condition observed during this past winter is a seasonal occurrence. 

Condensation observed cleared, as it should, usually within a 12-hour period. The quick recovery 
can be attributed to air circulation within the individual spaces and the vented storm window 
design.  Spaces with poor air circulation and high humidity levels did not respond as quickly.  

 
As the heating, ventilating and air conditioning (HVAC) renovation continues and heating 

and cooling system airflows are balanced to match the volume of individual spaces – condensation  
will be reduced and possibly eliminated altogether; provided window treatment and furnishings do 
not impede circulation. In summary, when higher humidity is present in the building and the 
temperature is cold outside, condensation will form on the exterior windows and will reduce over 
time as air circulates between the storm and the window surface.  
 
 
Sincerely, 
 
JE DUNN CONSTRUCTION 
TREANOR HL 
 
Lynnsee Boyse 
Project Manager 
 
Julia Mathias Manglitz 
Associate Principal 
 
 
cc: Duane Mass, Owner, Mass Architects 
 Jason Cady, Owner, Mass Architects 
 Trait Thompson, Project Manager, OMES 
 Bobby Snyder, Vice President, JE Dunn Construction 



 

 

 Mark Maska, Superintendent, JE Dunn Construction 
 JC Witcher, Principal, ADG 
 Peter Breninger, Project Architect, ADG 
 Vance Kelley, Principal, TreanorHL  
 Todd Renyer, Associate Principal, TreanorHL  
 Mike Thompson, P.E., Principal, ZFI 
 Edward J. Kongs, P.E., Associate Principal, Alvine Engineering 
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MEMORANDUM 

PROJECT: 15039DB Oklahoma State Capitol Restoration – Exterior Rehabilitation Package 
HP15.007.00B    JED Project No:  15025800    ADG Project No:  15-007 
 

SUBJECT: Window Restoration  
DATE: March 9, 2018  

  
TO: Lynnsee Boyse JE Dunn  

   
FROM: Julia Mathias Manglitz, AIA TreanorHL 

  
DISTRIBUTION: JE Dunn, ADG, OMES, Mass Architects 

   
   
   
   

 
 DISCUSSION  
  

WINDOW CONDENSATION 
 
Condensation is a naturally occurring phenomenon. This is most commonly observed 
after a shower when warm, moist air fogs the bathroom mirror. The fog is water vapor in 
the air that changes to a liquid when it meets the cold surface of the bathroom mirror. 
The fog dries away on its own, but it dries more quickly if air is circulated such as with a 
hair dryer or exhaust fan.  
 
The temperature of the exterior steel windows in the Capitol trends with outside 
temperatures. When it is cold outside, the windows are cold. Just like a bathroom 
mirror, condensation occurs on the windows on cold days when the air in the building is 
warm and moist. Condensation under these conditions will occur with or without a 
storm window (See Image 1.0).   
 
The installation of storm windows increases occupant comfort and reduces HVAC loads. 
Vents at the bottom and top of the storm windows are intended to passively circulate air 
that will dry condensation when it occurs (See Image 1.1). 
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IMAGE 1.0 – RESTORED WINDOW WITHOUT A STORM 
Condensation observed on a restored window (A209/Delta/East Wing North Elevation) that does 
not have a storm window in place. Phenomenon occurred on the morning of 2/20/2018 following 
a dramatic weather change. Temperatures on 2/19 had reached 74-degrees and outdoor relative 

humidity was around 80% all day.  On the morning of 2/20 the outside temperature fell 40-
degrees between 1 am and noon and relative humidity levels were over 90%. 

 
Construction activities, such as painting and drywall installation, introduce moisture to 
the warm air inside the building. To flush the odors associated with construction, 
outside air is being pumped into the building. Outside air carries variable degrees of 
humidity and there is no capacity in the HVAC system to de-humidify incoming air.  
 
The heating, air conditioning and ventilation (HVAC) system is also undergoing changes 
to the equipment and configuration of ductwork. Under these conditions the building 
will not function as it will when complete. The Capitol building is under construction and 
even areas that are not actively under renovation are affected by the changes being 
made elsewhere in the building.  
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Interior finishes and environment aside from construction activities will also affect the 
occurrence of condensation and subsequent drying. Placement of furniture, built-ins or 
window treatment installations will hinder the passive venting of the storm windows if 
they block airflow.  HVAC system controls that have “night or weekend” modes to save 
energy may also decrease circulation needed to dry condensation, because the fans in a 
forced air system typically run less in these modes. 
 

 
 

IMAGE 1.1 - PASSIVE VENTING OF STORM WINDOWS 
 
Humidifying the building either through the HVAC system, or by cooking, showering or 
similar activities that produce warm moist air will also increase the likelihood of 
condensation occurring.  Where indoor relative humidity levels are over 40% there is an 
increased likelihood of condensation occurring during the winter.  The chart below is 
based on testing of new construction assemblies using insulated glazing. Restored 
single pane glazing, such as at the Capitol, will condensate at lower levels of indoor 
relative humidity.  
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RECOMMENDED INDOOR HUMIDTY  
 
 
 
 

 
 
 
 
 

 
Source: University of Minnesota Laboratories study for new construction with insulated glazing, 

assumes 70-degree indoor temperature. 
 
Over the winter of 2017-18 condensation has occurred on several occasions, particularly 
on the north elevation of the east wing (A209/Delta). Temperature and humidity data 
loggers set in the affected spaces regularly recorded humidity levels over 40% on days 
condensation was observed. The condensation has dried in every instance, usually 
within a couple of hours. This is how the restored window system should work. 
 
When activities inside the building or dramatic changes in weather occur, condensation 
should be expected to occur. The vented storm windows allow the condensation to dry 
and reduce the potential for damage. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Outside Air Temperature Indoor Relative Humidity 

-20 deg F or below 15% max 

-10 to -20 deg F 20% max 

0 to -10 deg F 25% max 

10 to 0 deg F 30% max 

20 to 10 deg F 35% max 

40 to 20 deg F 40% max 
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STORM WINDOWS & THERMAL PERFORMANCE 
 
Storm windows are the most cost-effective means of improving the thermal 
performance of existing windows and the thermal comfort of occupants.  Thermal 
imaging was used to analyze the performance of the existing and restored windows 
(with and without storm windows).  Please refer to the diagram that explains how to 
read a thermal image (Image 1.2).  
 
The design incorporates venting for the storm windows to allow air to circulate between 
the historic window and the storm to dry any condensation that occurs at the interstitial 
space. This passive circulation protects the windows and the investment in restoration.  
 
Various states of exterior and interior renovation were examined: 

1. Restored windows in a room that has not been renovated by the interior 
design-build team. 

2. Unrestored windows in a room that has not been renovated. 
3. Restored windows in a room that have been renovated by the interior design-

build team. 
4. All rooms have the same orientation on the building but are not located on the 

same floor or in the same wing.  
 
Conclusions based on the thermal imaging readings: 

1. Storm windows increase the room side temperature of restored windows by 10 
to 15 degrees versus one without a storm in both renovated and unrenovated 
spaces. 

2. Vented storm windows on a restored window have a warmer room side 
temperature than unrestored windows with un-vented storm windows, 
particularly at the sill level, where the differential is nearly 10-degrees. 

 
 

IMAGE 1.2 - HOW TO READ A THERMAL IMAGE 
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IMAGE 1.3 - RESTORED WINDOW WITHOUT STORM & WITH VENTED STORM 
Restored window (no storm on the left and storm installed on the right) in renovated space. Room 
527 (A209 window 527/Delta/East Wing North Elevation) taken on 2/1/2018; exterior temperature 

38-degrees F, 57% RH, overcast, north wind 18 mph. 
 

 
 

IMAGE 1.4 - UNRESTORED WINDOW WITH UN-VENTED STORMS  
Unrestored window pair in unrenovated space. Existing fully un-vented storm windows are in 
place.  Room 541 (A205 window 550 /Lima/West Wing North Elevation) taken on 2/1/2018; 

exterior temperature 38-degrees F, 57% RH, overcast, north wind 18 mph. 
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IMAGE 1.5 - UNRESTORED WINDOW WITH UN-VENTED STORMS – LOWER  
Unrestored window pair in unrenovated space – lower portion of window. Existing un-vented 
storm windows are in place.  Room 541 (A205 window 550 /Lima/West Wing North Elevation) 
taken on 2/1/2018; exterior temperature 38-degrees F, 57% RH, overcast, north wind 18 mph. 

 

 
 

IMAGE 1.6 - RESTORED WINDOW WITHOUT STORM & WITH VENTED STORM 
Restored window (no storm on the left and storm installed on the right) in renovated space. Room 

309 (A209 window 338/Delta/East Wing North Elevation) taken on 2/16/2018 exterior 
temperature 35-degrees F, 63% RH, overcast, north wind 23 mph. 
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CONDITION OF WINDOWS AT PROJECT COMMENCEMENT 
 
The existing windows exhibited corrosion of metal surfaces both inside and outside.  Air 
and water infiltration were reported. Most windows had an interior storm window that 
was fully sealed (un-vented).  Condensation was reported on the interior surface of the 
exterior window, behind the storm windows.  This condensation was contributing to the 
corrosion because there was no way to dry the moisture trapped in the interstitial air 
space. The corrosion occurring at the sills is severe and requires sill replacement in the 
worst cases. Of the 267 windows restored to date 81 (30%) have required replacement. 
 
 

 
 

IMAGE 1.7 – THROUGH CORROSION ON STEEL WINDOW SILL 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


