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December 3, 2019 

 

Juster Pope Frazier Architects 
82 North Street 
Northampton, MA 01060 

413.586.1600 
Kevin Chrobak, principal architect 
kevinchrobak@gmail.com 

 

PS 2019.167 - Woodstock Academy Building Restoration Enclosure Report 

Dear Mr. Chrobak: 

The following report covers Building Science Corporation’s (BSC) evaluation of the existing Woodstock Academy 
(Woodstock, CT) historic classroom building (Academy Building-A) in preparation for a building restoration project. The 
report is based on BSC’s site investigation of November 20, 2019. 

The report is broken up by enclosure component (above-grade walls, windows, foundation, and roof/attic assembly). Each 
enclosure component is covered in terms of site observations, followed by retrofit recommendations.  

Please distribute this report as you see fit to the team members. 

Note that various supporting documents are referenced in this report; links are provided in the final section, “Additional 
Resources”.  If you have any questions or comments about this report, please contact Kohta Ueno of Building Science 
Corporation (kohta@buildingscience.com), or as per contact information shown. 

Sincerely, 

 

Kohta Ueno 
Senior Associate, Building Science Corporation 
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1. Building and Project Overview 

The Woodstock Academy (Woodstock, CT) historic classroom building (Academy Building-A) was constructed in 1873 and is 
listed on the National Register of Historic Places. Building Science Corporation was retained by the client to assess current 
building conditions in preparation for a major building restoration project. The report is based on BSC’s site investigation of 
November 20, 2019. 

Figure 1: Overview of building from the front/south Figure 2: Overview of building from the rear/north 

Figure 3: Interior first floor classroom overview Figure 4: Overhead image showing orientation 

The report is broken up by enclosure component (above-grade walls, windows, foundation, and roof/attic assembly). Each 
enclosure component is covered in terms of site observations, followed by retrofit recommendations.  
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2. Above Grade Walls: Site Observations 

Wall Construction 

Portion of several wall were partially disassembled to understand existing conditions.  The images below concentrate the 
south/front elevation opening, at the southeast corner of the building (Figure 5). 

Figure 5: Disassembled wall on south/front side Figure 6: Stud framing depth 4 inches 

The removed wood clapboard/lap siding (Figure 7) appears to be relatively recent vintage (likely the 1990’s remodeling 
work). 

Given the moisture damage seen at various portions of the building, wood moisture content (MC) was measured with a 
handheld Tramex Moisture Encounter capacitance-type moisture meter, set on the Wood/Timber scale (Figure 8).  Surface 
moisture contents of the clapboard was consistently in the 5% range (dry conditions) where measured. 

Removal of the clapboard revealed no water resistive barrier/drainage plane (tar paper or equivalent) behind the clapboard.  
The next layer was ~7/8” thick sawn horizontal board sheathing. 

 
Figure 7: Removed clapboard (north) 

 
Figure 8: Tramex measurement of exterior clapboard 

The stud bay cavity (Figure 6) is 4 inches deep; the base of the wall cavity had brick infill at the base of the stud bays (a.k.a. 
“nogging”), per Figure 9.  This was typically used for fire safing and controlling air leakage. Board sheathing moisture content 
was measured (Figure 10), again showing consistently dry conditions (~7% MC typical). 

The opening at the base of the wall (Figure 9) shows the backside of the interior wood wainscoting; upper portions of the wall 
(as observed at the head of the window, Figure 11) reveal wood lath and plaster. Figure 12 shows a view looking down the 
stud bay cavity from the window head opening. 
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Figure 9: Brick (nogging) in stud bay cavities Figure 10: Tramex measurement of sheathing boards 

Figure 11: Opening at window head height, plaster Figure 12: Interior of stud bay from window head 

At the window head opening (Figure 13), the stud bay is blocked at the floor line by fire blocking, floor framing, or similar.  
The interior is shown for reference in Figure 14, showing the wainscoting and plaster finishes. 

Figure 13: Stud bay blockage at floor line Figure 14: Interior wall, wainscoting vs. plaster 
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Disassembly at the window head revealed torn residual tar paper behind the metal window head flashing (Figure 15).  In 
addition, the vertical red trim was left in place in previous remodeling work, revealing residual tar paper as well (Figure 16). It 
is likely that a drainage plane (tar paper) was in place behind the clapboard at one point, but then removed during later work. 

Figure 15: Residual tar paper at window head Figure 16: Residual tar paper at vertical trim 

Wall Sill and Framing Damage 

The wall sill is a ~7 inch square timber, which was exposed by removing the board sheathing at the base of the wall (Figure 
17 and Figure 18).  Some portions of the sill suffer from extensive long-term moisture damage, while other portions of the sill 
are intact, as shown in Figure 19 and Figure 20 on the south side.  It is suspected that the brick nogging retains water 
leakage in the stud bay cavity, which might exacerbate damage to the wood framing. 

Figure 17: Overview of disassembly at sill, south Figure 18: Damage to wall sill, ~7 inch timber 

Wood moisture content measurements of the timber sill (Figure 21) revealed consistently dry conditions (7% MC); it appears 
that the wetting mechanism that caused the observed damage was not active during this field investigation. 

The lowest sheathing board was pulled back to reveal further conditions at the sill (Figure 22); again, it revealed a mixture of 
damaged and intact conditions (Figure 23 and Figure 24). 
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Figure 19: Intact portion of timber sill Figure 20: Damaged portion of timber sill 

Figure 21: Tramex measurement of timber sill Figure 22: Removal of sheathing board 

Figure 23: Damaged portion of timber sill Figure 24: Intact portion of timber sill 

Continuing observations at the rear/north opening (Figure 25) revealed brick nogging, and extensive moisture damage to the 
base of the wood framing (Figure 26).  The sill timber surface was typically intact where probed (Figure 27), and dry 
conditions were again measured (Figure 28). 
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Figure 25: Overview of disassembly at sill, north Figure 26: Heavy damage to stud framing, nogging 

Figure 27: Intact conditions at timber sill Figure 28: Tramex measurement at sill 

Observations at the west side opening (Figure 29) revealed similar conditions (Figure 30). 

Figure 29: Overview of disassembly at sill, west Figure 30: Intact conditions at timber sill 
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Wall Infrared Observations 

The exterior of the building was observed with an infrared camera, to identify thermal anomalies that might inform retrofit 
strategies and measures.  The infrared camera (FLIR ONE Pro, -4°F to 752°F; ±3 °C (5.4 °F) or ±5%, typical percent of the 
difference between ambient and scene temperature accuracy) shows surface temperatures using a color scale: blue/purple 
are cooler temperatures, and yellow/orange warmer temperatures. 

Key observations from the exterior (Figure 31 and Figure 32) reveal warm surface temperatures at the windows, as would be 
expected (windows have a lower R-value than uninsulated walls). 

There appear to be warm thermal anomalies running in a “band” underneath the window sills on most floors.  The most likely 
explanation is that the perimeter heating convectors (see interior conditions, Figure 33) are “telegraphing” their heat through 
the wall at these locations. This demonstrates the low insulating value of the empty wall stud bay cavities. 

Figure 31: Visual and infrared image of building exterior east side; thermal anomalies under windows 

Figure 32: Visual and infrared image of building exterior north side; thermal anomalies under windows 
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Figure 33: Visual and infrared image of interior classroom, showing perimeter heating/convectors at base of wall
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3. Above Grade Walls: Retrofit Recommendations 

Wall Retrofit Overview (Reduced Energy Flow) 

Simply insulating the existing wood clapboard-clad wall raises significant risks of moisture and durability issues.  
In the existing wall, energy flow through the wall in the wintertime (which would tend to dry the vulnerable wood components) 
is unimpeded, due to the lack of insulation.  If insulation were retrofitted into the existing wall, the wood would stay wetter for 
longer—i.e., typical rain/precipitation from the exterior or interior-sourced condensation has less ability to dry.  This is 
covered in more detail in Building Science Insight 028: Energy Flow Across Enclosures: 

This one over-arching factor is the amount of energy exchange across the building enclosure. … I think that 
higher levels of thermal resistance and reduced heat gain across building enclosures has forever changed 
the performance of buildings—and not necessarily in a good way. 

How do we dry wet wood? We kiln dry it. We heat the wood so that the water in the wood is warmer than its 
surroundings. We add energy to the water and it evaporates. There is a huge exchange of energy. When we 
put warm wet coffee beans in a room with very cold surfaces we call it freeze-drying.  The moisture leaves 
the coffee beans and accumulates on the cold surfaces. There is a huge exchange of energy. The greater 
the rate of energy exchange the greater the rate of moisture movement. Drying cannot happen without an 
exchange of energy. 

When my Mom and Dad bought their first house in Toronto, Canada in 1957 there was no insulation in the 
walls and the house was leaky to air—it had a high air change driven by a traditional chimney. We lived in a 
1,200 square foot house and in January, when the outside temperature dropped to 0 degrees F., Momma 
cranked up the 300,000 Btu oil furnace to maintain an interior temperature of 70 degrees F. The energy flow 
across the building enclosure was enormous, but oil was cheap, and we were comfortable and happy. The 
energy flow was so enormous the building enclosure was simultaneously kiln dried and freeze-dried. In fact, 
the drying potential was so high, we were uncomfortably dry.  As a result, Poppa insisted that the furnace 
have a new-fangled gadget attached to it—called a humidifier.  How things have changed. 

Well what changed?  We’ve begun to insulate—and insulate exceptionally well—and we’re getting the 
assemblies “tighter” to air change and convection. That results in two things—less energy exchange 
therefore less drying potential—and things on the exterior side of the enclosure are colder in the winter. 
Things being colder on the outside lead to something most folks don’t consider.  Many building materials are 
hygroscopic. This means they absorb moisture based on relative humidity.  

However, given the plan to retrofit the building entirely from the exterior (leaving the interior plaster intact) provides 
an ideal opportunity to rebuild the water control, air control, and insulation layers of the wall, providing an 
assembly with robust long-term moisture and energy performance.  In short: rebuilding the exterior allows for wall 
insulation without any durability risks.  The recommended steps for the retrofit include the following, as covered in more 
detail in following sections: 

 Strip the exterior to sheathing boards; patch damaged sheathing as required.  Remove brick nogging. Repair 
damaged framing, including rotted sill beams and associated studs. 

 Insulate stud bay cavities from the exterior with dense-pack cellulose insulation or other blown in insulation (see 
Building Science Insight 043: Don't Be Dense—Cellulose and Dense-Pack Insulation). 

 Install an exterior air- and water control layer or drainage plane.  The baseline least-cost option would be a plastic 
housewrap (Tyvek or equal). However, on most of my new construction projects, I recommend a self-adhered 
vapor-permeable membrane as a one-for-one replacement.  The self-adhered membranes eliminate water leakage 
that can occur between sheathing and housewrap, self-seals around fasteners, and most importantly, makes the 
layer into a robust air barrier. 

 Add vertical spacers to create a ventilated rainscreen: this promotes drainage of water penetration, allows drying of 
the structural backup wall, and allows drying of the cladding (clapboard), therefore improving long-term paint 
holding. 

 Install cladding (horizontal clapboard); no objections to using a durable material like fiber cement clapboard. 
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Wall Retrofit Insulation 

An excellent and common retrofit in cold-climate houses is to retrofit the wall cavities with blown-in cellulose 
insulation; this is a quick and cost-effective upgrade.  Although cellulose is not an air barrier, it is an air flow retarder, 
and a properly done dense-pack installation will improve house airtightness (see Building Science Insight 043: Don't Be 
Dense—Cellulose and Dense-Pack Insulation). 

The recommended approach to retrofit sidewall dense pack cellulose insulation is the “insert tube” method.  The overall fill 
ends up being quite complete and dense, with correct technique—see the first image in the 2005 presentation below, with a 
“block” of cellulose remaining in a joist bay with the sheathing removed (Figure 34). 

 
Figure 34: Example of dense pack density (Karg 2005) 

 
Figure 35: List of problems with dense pack (Karg 2005) 

Several resources are as follows: 

 Dense Pack Cellulose Insulation: Methods and Verification of Density.  
National Weatherization Conference. 2005. Rick Karg 
http://www.builditsolar.com/Projects/Conservation/Dense_Pack_Cellulose_Insulation.pdf 

 Installing Cocoon Insulation (see “Insert Tube Method”) 
http://www.homedepot.com/catalog/pdfImages/4e/4e6ff7fb-e39f-435c-aef3-9edd015ed678.pdf 

Further excellent information can be found in “Insulating with Cellulose,” (Fred Lugano, Fine Homebuilding Magazine, 
April/May 2000). 

Water Resistive Barrier/Air Barrier (Air/Water Control Layer) 

In the wood frame wall, one of the critical layers in the wall is the water resistive barrier/weather resistive barrier, or the water 
control layer on the exterior of the sheathing. To be explicit, the role of this layer in this building is: 

 Water control layer/drainage plane/water resistive barrier.  This is the “last line of defense” against water entry into 
the more vulnerable parts of the structure (stud frame wall).  Further information on this topic is covered in Building 
Science Digest 105: Understanding Drainage Planes  

 Secondarily, if this layer is correctly selected and detailed, it will also function as an air barrier (line of airtightness in 
the assembly).  Further information on this topic is covered in Building Science Digest 104: Understanding Air 
Barriers and Building Science Insight 084: Forty Years of Air Barriers*—The Evolution of the Residential Air Barrier. 

This layer should ideally be referred to as the “air/water control layer” or “air barrier/water resistive barrier.”  
Although conventional mechanically-fastened plastic housewrap is an acceptable water resistive barrier, it is seldom detailed 
correctly as an air barrier.   

Therefore, a recommended higher performance option is a self-adhered vapor-permeable membrane, as a higher-
performance one-for-one replacement for housewrap.  Options include Henry Blueskin VP160, Grace enV-s, Delta Vent 
SA, 3M™ Air Barrier with Permeable Backing 3015VP, and VaproShield, among others (see Figure 36 and Figure 37).  This 
is an upgrade in performance compared to mechanically fastened housewraps: they have superior airtightness, they 
eliminate a “hidden path” behind the housewrap for water leakage, and have some degree of nail self-sealing ability.  
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Figure 36: Henry Blueskin VP160 w. vertical strapping Figure 37: 3M™ Air Barrier 3015VP 

One limitation with board sheathing may be the gaps between the horizontal boards. For instance, 3M installation directions 
require joint treatment for openings greater than ¼ inch: 

Fill gaps and cracks exceeding 1/4" but less than 1/2" width with 3M™ Polyurethane Construction Sealant 
540 (or similar), and tool the surface flush and smooth 

Fill gaps exceeding 1/2" width with closed cell foam backer rod, seal with 3M™ Polyurethane Construction 
Sealant 540 (or similar), and tool the surface flush and smooth  

Rainscreen Cladding 

The advantages of cladding ventilation (and an airspace) are covered in Building Science Insight 038: Mind the Gap, Eh!, 
and Building Science Insight 057: Hockey Pucks and Hydrostatic Pressure.  In short, the advantages include (a) better paint 
or finish holding of the cladding, (b) better drying of the cladding/longevity, and (c) ability for the wall (in particular, the 
sheathing) to dry outward and control incident rain.  We have used rainscreen claddings as a retrofit to address moisture and 
paint-blow off problems in existing homes. 

 

Figure 38: Cor-A-Vent SV-3 and SV-5 ventilation strip with insect screen 
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This ventilated rainscreen could be created using off-the-shelf components, such as Cor-A-Vent Sturdi-Strips™ Rainscreen 
Furring Strips (3/8” thick by 1 ½” wide, http://www.cor-a-vent.com/sturdi-strips.cfm) with SV-3 Siding Vents (http://www.cor-a-
vent.com/siding-vent-sv-3.cfm) (Figure 38), or other commercially available rainscreen strips. At the bottom and top-facing 
openings (including around window openings), an insect screen detail should be provided to prevent pest infestation of the 
ventilated rainscreen. 

Alternately, a drained airspace could be created by something as simple as ¼” vertical foam strips (or other wood or polymer 
material), per Building Science Insight 057: Hockey Pucks and Hydrostatic Pressure and Figure 39. Another option is an off-
the-shelf product, such as MTI Dry Corrugated Lath Strip™ (https://www.mtidry.com/products/rainscreen-drainage-
planes/corrugated-lath-strip#); this reduces the cavity depth to 1/8” thick (Figure 40). 

 
Figure 39: ¼” foam spacers (BSI-057) Figure 40: MTI Dry Corrugated Lath Strip™ 

Retrofit Sill Detail 

The damaged timber wall sill is slated for repair and replacement on an as-needed basis.  If the timber sill is being replaced, 
we recommend some type of capillary break at the junction between the sill and the masonry foundation wall, to prevent 
“wicking” of moisture into the wood.  Options include foam sill seal materials (e.g., Dow Sill Seal R Unfaced Polystyrene Roll 
Insulation), or self-adhered membrane (Grace Vycor or equal).  
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4. Windows: Site Observations 

Window Exterior Overview 

The windows are the original single-glazed wood frame double-hung units with sash weights.  Typical exterior window 
conditions at the more decorative front bumpout elevation are shown in Figure 41, Figure 42, and Figure 43.  Conditions at 
the less decorated remaining windows are shown in Figure 44; note the absence of sill brackets and decorative head details.  
In addition, the front bumpout windows have a decorative secondary sub-sill piece at the brackets (Figure 43), which is 
omitted on other elevations. 

Figure 41: Overview of typical window, front Figure 42: Sill detail at window, front 

Figure 43: Underside of sill, front Figure 44: Typical window details, west/side 
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The stripped wall at the south/front side allowed closer examination of the window details. The sill conditions are shown in 
Figure 45; there is a significant gap between the wood sloping sill and the framing (Figure 46). 

Figure 45: Window sill at stripped window (south) Figure 46: Gap under wood sill at stripped window 

At the window head (Figure 47), there is a metal head flashing capping the window head trim (Figure 48).  However, this 
head flashing stops short of the exterior face of the window trim (YELLOW arrow). Therefore, this head trim provides shingle 
lapping between the clapboard and the head trim, but does not effectively shed water via a drip edge by ‘capping’ the trim. 

Figure 47: Head trim overview at stripped window Figure 48: Window head flashing stops mid-wall 

Window Interior Storm Panels and Sash Condition  

Most of the windows have been retrofitted with removable interior storm windows (Figure 50); installation quality varies, 
including some with large gaps as shown.  Several windows are left without an interior storm window (Figure 49) to allow for 
window operation for ventilation. 

The impact of the interior storm window is evidence in infrared images from the interior (Figure 51) and the exterior (Figure 
52).  The window lacking an interior storm is evident based on cold interior surface temperatures (Figure 51) and warmer 
exterior surfaces (Figure 52). 

The wood sill in Figure 49 is cracked/checked due to weather exposure.  These sills should be replaced or repaired (epoxy 
consolidant and filler) as required, assuming that the underlying wetting mechanism that caused the damage is addressed. 
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Figure 49: No interior storm panel; exterior sill damage Figure 50: Interior storm panel, gap at sill 

Figure 51: Visual and infrared image of interior classroom, contrasting no storm panel (L) vs. storm panel (R) 

Figure 52: Visual and infrared image of exterior, contrasting no storm panel (highlighted) vs. storm panel 

Many of the sashes are in poor condition and do not seal, as evidenced by the improvised weather seal at a first floor 
window meeting rail (Figure 53) and daylight visible at this joint (Figure 54). 
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Figure 53: Poor condition of sash and meeting rail Figure 54: Daylight visible at meeting rail 

Sash Weight Pocket 

The wood windows are still operated using sash weights; the sash weight pocket is covered by the exterior jamb trim (Figure 
55), and failed sash cords are visible at the bottom of the pocket exterior (Figure 56). 

Figure 55: Exterior view of sash weight pocket/trim Figure 56: Sash cords at bottom of sash weight pocket 
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A typical sash weight pulley is shown in Figure 57. One of the sash weight pockets is open from the interior at the 
Lecture/Drama room (Figure 58).  

Figure 57: Sash cord intact at jamb Figure 58: Open sash weight pocket, Lecture/Drama 

The depth of this sash weight pocket is shown in Figure 59 and typical conditions in Figure 60.  These sash weight pockets 
are typically a significant source of air leakage, as they are an empty cavity that often leaks air between indoors and 
outdoors. 

Figure 59: Sash weight pocket dimensions 

 
Figure 60: View within sash weight pocket 
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5. Windows: Retrofit Recommendations 

Window Replacement Justification 

BSC’s understanding of the current retrofit plan is to replace all windows with new units. 

As a point of information, although replacing windows can definitely improve energy performance, the costs of replacing 
windows are so high that they may be difficult to justify in terms of direct energy cost payback; Michael Blasnik (Senior 
Building Scientist at Nest) analyzed this topic in detail: 

 More Energy Myths - Energy-saving tips that you can safely ignore 
http://www.greenbuildingadvisor.com/blogs/dept/musings/more-energy-myths 

Myth: Window replacement is a cost-effective energy retrofit measure. Blasnik notes, “When it comes to 
energy used for heating, savings are often overestimated. Reduced solar gain offsets about half the savings. 
When it comes to energy used for cooling, solar gain can represent half the cooling load, and low-SHGC 
glass can reduce this substantially. But the measure is still not cost-effective.” 

He continues in that column: 

I should clarify -- I have nothing against people getting new windows. There are many reasons to replace 
your windows just like there are many reasons for doing a wide range of home improvements. it's just that 
windows typically pay for themselves in energy savings only slightly faster than granite counters pay for 
themselves in energy savings ;) 

For comments that have wondering if my conclusions were based on ignoring air leakage or making bad 
assumptions about solar gain or other things like that,, the bottom line is that my conclusions are based on 
actual energy savings from analysis of utility bills that also match up quite well with engineering calculations. 
It's when you make a calculation and then find data that agrees with it that you start to think you may have 
something worth sharing with others. 

Measured savings from window replacement have been assessed in multiple billing data analysis studies 
done in Oregon. People in Oregon who got a rebate for having installed new Energy Star windows showed a 
reduction in their gas bills that averaged about 0.2 therms/year per square foot of window -- or about 40-50 
therms/year for a whole house window replacement job (200-250 sq. ft.). Since a therm of gas only costs 
about $1 now, that's annual savings of maybe $50/year. Given the typical cost to replace all of the windows 
in a house, the payback period is likely to be longer than 100 years. In a colder climate, the savings should 
scale with degree days, although I found savings of about the same magnitude looking at a small sample of 
homes in upstate NY that replaced their windows. 

The savings of $50/year are just an average and so some houses will save a good deal more than that. If 
you are starting with just single pane windows and no storms, you might save 2 or 3 times as much as this 
average value. If you've got all jalousie windows then you might save 5 times as much -- they hardly even 
close. But most homes in cold climates have two layers such a wood single prime plus an aluminum storm 
window and the payback for replacing these is not so great -- even when they are not in great shape. 

So, the bottom line is that if you want new windows, then you should get new windows, just don't expect 
them to pay for themselves with energy savings any time soon. 

However, there are reasons beyond energy savings alone to improve window performance; the cold surface of low-
performance glazing results in comfort issues near the windows.  In contrast, substantial upgrades to glazing can result in 
comfort conditions closer to the glass. 

 Efficient Windows Collaborative: Benefits—Improved Comfort 
http://efficientwindows.org/comfort.php 

High performance windows with new glazing technologies not only reduce energy costs but make homes 
more comfortable as well. During cold weather, exterior temperatures drive interior glass surface 
temperatures down below the room air temperature; how low the glass temperature drops depends on the 
window's insulating quality. If people are exposed to the effects of a cold surface, they can experience 
significant radiant heat loss to that cold surface and they feel uncomfortable, even if the room air 
temperature is comfortable. When the interior glass surface temperature is 52˚F or less, it is most likely that 
there will be discomfort. 

And of course, allowing for the operation of windows for ventilation will be an upgrade in occupant experience. 

  



2019-12-03 PS 2019.167 - Woodstock Academy Building Restoration Enclosure Report 

 

22 

55 

 

 

Window Insert Unit Retrofit 

The planned window retrofit is not currently set; however, a recommend solution is to replace the original single glazed 
windows with insert units.  Insert units are superior to sash replacements (with jamb liners) for air sealing and quality. 

BSC’s recommendation for window insert units can be found in Building America Report 1203: Measure Guideline—Wood 
Window Repair, Rehabilitation, and Replacement; the following is an excerpt from that report. 

Windows are a common water control failure point: it should be assumed that the water control ability of the 
windows will fail over time.  Therefore, at retrofitted windows, a sill pan flashing must be installed at all 
openings, draining any water leakage on the exterior sill.  The sill pan also has a backdam detail, to prevent 
water ingress, directing the water to the exterior instead.  If a sill pan flashing is not installed and the window 
fails, water will be introduced deep into the masonry wall, where extensive hidden damage can result, given 
interior insulation. 

With an insert window, the wood window frame should be considered to be the new window rough opening, 
and treated in a similar manner following current industry recommended practice for waterproofing and 
drainage. It should be cleaned of any dirt and loose paint. The parting beads and interior stops at the head 
and jambs should be removed.  

The weight pocket pulleys should be removed and the openings in-filled. The weight pockets can be 
insulated with spray foam or fibrous insulation (mineral fiber, fiberglass, etc.). 

The rough opening should then be coated on all sides with a liquid applied waterproof membrane (red 
material in Figure 61; also shown in Figure 62 and Figure 63). A membrane product (self-adhered or fluid-
applied) is recommended in this application, because the area will no longer be accessible for maintenance 
once the replacement window is installed. 

 

Window sashes, parting beads, and interior 
stops removed. All gaps and holes in jambs 
patched and filled. 

 

Liquid applied membrane or self-adhered 
membrane waterproofing installed around rough 
opening. 

 

Use stool as support for the membrane back 
dam. 

Figure 61: Frame preparation for insert replacement window (Building America Report 1203) 

The replacement window is typically installed from the interior: it is normally set on the sill, tilted up into the rough opening, 
and pushed up against the exterior casing of the window. An interior backer rod and sealant joint should be installed around 
the interior perimeter of the rough opening. New interior stops are then installed (or the originals could be reinstalled if 
usable). The joint between the window and stops is caulked for aesthetics. 

On the exterior, the window should be caulked to the casing on the head and jambs. The sill, however, should be left to drain 
to the exterior. 
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Figure 62: Examples of adhered membrane installation in a wood window frame 

 
Figure 63: Example sill detail of insert replacement window 

Liquid-applied flashing products can be used at the rough opening instead of self-adhered membrane; some options include: 

 Prosoco R-Guard® FastFlash Liquid flashing membrane 
http://www.prosoco.com/products/r-guard-fastflash 

 DuPont™ Tyvek® Fluid Applied Flashing 
http://www.dupont.com/products-and-services/construction-materials/building-envelope-systems/brands/air-barrier-
systems/products/fluid-applied-flashing-brush.html 

 StoGuard® RapidSeal 
http://www.stocorp.com/sto_products/stoguard-rapidseal/ 

Further discussions on liquid applied flashing can be found here: 

 Liquid-Applied Flashing: For many locations, including window rough openings, liquid-applied products are simpler 
and more dependable than peel-and-stick 
http://www.greenbuildingadvisor.com/articles/dept/musings/liquid-applied-flashing  

 Journal of Light Construction: Fluid-Applied Window Flashing 
http://www.jlconline.com/how-to/exteriors/fluid-applied-window-flashing_o 



2019-12-03 PS 2019.167 - Woodstock Academy Building Restoration Enclosure Report 

 

24 

55 

 

 

Window Sash Weight Pocket and Air Barrier Detailing 

Recommended detailing at the window sash weight pocket is shown in Figure 64: the exterior trim is removed, and sash 
weights are removed.  The pocket is cleaned as necessary, and insulation is installed in the cavity. 

 
Figure 64: Removing exterior jamb trim to access sash weight pocket and retrofit insulation (mineral fiber) 

The recommended detailing at the exterior trim is shown in Figure 65: the air-water control self-adhered membrane (BLUE) 
should be tied in across the sash weight pocket, connecting to the jamb and head trim for air barrier continuity. The open 
face of the sash weight pocket must be treated in a manner that supports this membrane detail; options include thin-profile 
sheathing or a sheet metal closure. 

 

Figure 65: Jamb retrofit detail air barrier connection from wall sheathing 
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Window Head Flashing 

The existing window head flashing does not provide a drip edge, which would shed water off of the head trim and protect it 
from rain exposure.  The recommended detail for a head flashing is shown conceptually in Figure 66; the sheet metal 
flashing has a drip edge over the window head, and is lapped into the wall’s air-water barrier layers.  The siding is gapped off 
of the head trim to provide drainage. 

 

Figure 66: Window head flashing (Fine Homebuilding Magazine) 
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6. Foundation: Site Observations 

Exterior Infrared Overview and Mortar Erosion 

The exterior of the building (including the foundation) was examined with an infrared camera.  One notable anomaly is that 
the foundation walls at the west wing are noticeably warmer, as highlighted in YELLOW in Figure 67 and Figure 68. This 
likely indicates greater heat loss: these foundation walls are warmer (more heat loss) than the above-grade walls. 

The remainder of the foundation is not as warm, but still shows greater heat loss than above-grade walls. 

Figure 67: Visual and infrared image of front of building, showing heat loss from basement wall 

Figure 68: Visual and infrared image of rear of building, showing heat loss from basement wall 

Interior examination revealed that the west wing of the basement contains the fire water storage tank, and this area has a 
space heater (to avoid freezing), resulting in warmer interior temperatures and greater heat loss. 

Based on interior examination, the foundation walls appear to be recently rebuilt, with a modern brick exterior. Most of the 
brick appears to be in excellent condition. 

However, one exception is at the front/south “bumpout” (Figure 69).  The mortar at the brick joints is deeply eroded, with 
worse erosion towards the base of the wall (Figure 70).  This erosion spans most of the south bumpout face.  There are 
cases where the brick surface has eroded or spalled at the base of the wall (Figure 71). Note that the wall detailing includes 
a granite base detail: this is excellent and recommended practice, as it keeps the porous brick away from ground contact and 
capillary “wicking” of surface water. 

This type of damage was not seen on other orientations: even areas highly wetted by downspouts (Figure 72) show only 
green/grey surface staining, rather than mortar erosion.  The one exception was the “wing wall” at the west front entryway 
staircase (Figure 73); at areas where rain water is apparently leaking onto brick, mortar erosion is occurring (Figure 74). 
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Figure 69: Overview of front foundation wall Figure 70: Extensive mortar erosion at center of wall 

Figure 71: Brick erosion at base of wall Figure 72: Downspout depositing on wall; no erosion 

Figure 73: Entryway ‘wing’ wall mortar erosion Figure 74: Entryway ‘wing’ wall mortar erosion 

The most likely explanation for this severe mortar damage is the effect of de-icing salts on the brickwork, as covered later. 
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Basement Interior Observations 

The basement was generally examined from west to east; the west side (warmer areas per Figure 67 and Figure 68) is the 
fire tank room (Figure 75), with a hot water-fed space heater to prevent freezing.  The wood frame floor/ceiling assembly 
above has batt insulation between the joists (Figure 76). 

Figure 75: Overview of west basement, fire tank Figure 76: Batt insulation in floor/ceiling joist framing 

The walls of the fire tank room appear to be new construction, with cast concrete walls, the granite wall base detail, and 
CMU block walls with exterior brick cladding. 

Infrared images of the west basement interior (Figure 77 and Figure 78) show that the coldest surfaces are the interior face 
of the granite (solid stone from interior to exterior), the above-grade portions of the wall, and the windows.  These are the 
areas with the greatest heat loss. The floor/ceiling above is warm, showing its heated condition. 

There are several areas with interior gypsum board finishes, including the stairwell enclosure (Figure 79). There was 
extensive black spotting consistent with mold growth on the paper facer of this surface (Figure 80) and various interior 
gypsum board partitions (Figure 81 and Figure 82).  This clearly indicates that basement relative humidity levels are high 
enough (typically in summer) to result in mold growth on the paper facers. 

Figure 77: Visual and infrared image of basement west wall; greatest heat loss at granite base detail 
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Figure 78: Visual and infrared image of basement north wall; greatest heat loss at above-grade and windows 

Figure 79: Gypsum board enclosure at stairwell Figure 80: Suspected mold growth on stairwell GWB 

Figure 81: Suspected mold growth on partition GWB Figure 82: Suspected mold growth on partition GWB 
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Moving to the middle portions of the basement, wall construction is original rubble stone with CMU above (Figure 83 and 
Figure 84). Interior infrared images (Figure 85 and Figure 86) show that the greatest heat loss is the above-grade portions of 
the foundation walls.  

Figure 83: Front (south) basement rubble wall Figure 84: Front (south) basement rubble wall 

Figure 85: Visual and infrared image of basement rubble south wall; greatest heat loss at above-grade 

Figure 86: Visual and infrared image of bulkhead; severe heat loss at sheet metal door/enclosure 
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The rear basement access (Figure 86) is a steel bulkhead door exposed to exterior conditions.  There is severe heat loss (as 
indicated by cold surfaces) at this opening. 

In addition, the infrared images in Figure 85, Figure 86, and Figure 87 demonstrate that there is significant heat loss from the 
basement mechanical systems (hot water piping and ductwork) into the basement.  This is essentially “wasted” heat, as the 
basement is excluded from the conditioned space. 

Figure 87: Visual and infrared image of basement and crawl space, facing east; heat loss from piping 

Crawl Space Observations 

The east portion of the foundation is a crawl space with a multi-level slab foundation (Figure 88 and Figure 89); the likely 
explanation is that the presence of ledge or ground water resulted in a shallower foundation at these portions. The 
floor/ceiling assembly above is insulated with batt insulation. 

Figure 88: Crawl space overview, facing east Figure 89: Crawl space overview, facing northeast 

Typical crawl space window conditions are shown in Figure 90 and Figure 91; like the basement, they are wood single-
glazed windows. 

There are two large louvers from the crawl space to exterior; the interior infrared image of the east side louver (Figure 92) 
shows it as a cold surface, pulling in outdoor cold air. Similarly, the exterior image of the rear louver shows a cold surface, 
indicating inward airflow (Figure 93). 
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Figure 90: Typical windows in crawl space Figure 91: Crawl space windows, single glazing 

Figure 92: Visual and infrared image of crawl space vent louver; inward flow of outdoor air 

Figure 93: Visual and infrared image of rear crawl space louver; inward flow of outdoor air 

The crawl space foundation is a vented design (intentionally flushed with outdoor air); as covered later, vented crawl spaces 
in humid climates add to summertime moisture risks if air conditioning/cooling is used. 
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Foundation T-RH Measurements 

Conditions in the foundation were measured with a temperature/RH meter (Fieldpiece SDP2 Dual In-Duct Psychrometer), 
per Figure 94 and Figure 95.  Temperature, relative humidity (RH), and dewpoint (DP) conditions were measured; dewpoint 
is more useful than RH because it can be used to compare the absolute moisture content of air at two different temperatures. 

Figure 94: Temperature/RH in basement Figure 95: Temperature/RH at first floor classroom 

Measurements included the following: 

 Crawl Space: 55°F, 49% RH, 37°F dewpoint 

 Basement (center portion): 61°F, 44% RH, 39°F dewpoint 

 First floor: 68°F, 42% RH, 43°F dewpoint 

These measurements indicate that the crawl space is colder due to inward airflow of outdoor (low dewpoint) air. 

Crawl Space Exterior Drainage 

The interior of the crawl space has a perimeter “trench” detail cut into the slab; in addition, there is green staining associated 
with the windows and the perimeter trench (Figure 96 and Figure 97). This indicates previous moisture penetration problems. 

Figure 96: Green staining at crawl space windows Figure 97: Green staining and perimeter drainage 

The cause of these water issues is apparently surface drainage: water was pooling at the northeast roof downspout and 
saturating the soils at the foundation corner (Figure 98 and Figure 99). Exterior grade is sloped towards the building here, 
and the disconnected downspout at the shed roof (Figure 100 and Figure 101) also directs water towards the foundation. 
Note the green/grey staining of brick foundation, consistent with excess wetting and “wicking” of surrounding water. 
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Figure 98: Northeast corner of foundation, downspout Figure 99: Water pooling at exterior of crawl space 

Figure 100: Disconnected downspout at shed roof Figure 101: Foundation staining and poor grading 

In contrast, at the northwest corner, the downspout drains water away from the building, towards the walking pathway 
(Figure 102 and Figure 103). 

Figure 102: Downspout at northwest corner Figure 103: Downspout runoff directed to walkway 
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7. Foundations: Retrofit Recommendations 

Foundation Retrofit Strategies 

A common strategy for basement in cold climates is to “exclude” the basement from the conditioned space, by using 
insulation in the basement ceiling/floor assembly.  This was the strategy chosen at this building, with fiberglass batt in the 
joist space. 

However, in reality, there is typically massive air leakage between the basement and the conditioned space, negating the 
effectiveness of this insulation.  In winter, air is pulled from the basement into the conditioned space, along with associated 
indoor air quality issues. 

As seen in infrared images, there is significant heat loss from basement mechanical systems (piping and ductwork) to the 
basement, which is “wasted” by being excluded from the conditioned space. In addition, the mold on gypsum board in the 
basement indicates that humidity goes out of control in summer, with negative indoor air quality results. 

Instead, the recommended solution is to “include” the basement and crawl space within the conditioned space, by insulating 
the foundation walls (at least the exposed above-grade portions), and upgrading the windows.   This makes basement-to-
interior air leakage irrelevant, and “recaptures” losses from basement mechanical systems. Further information on 
“excluding” vs. “including” the basement is covered in Building America Report 1108: Hybrid Foundation Insulation Retrofits: 
Measure Guidelines, under “2.1 Basement Insulation Energy Impacts and Insulation Location.” 

Basement Insulation 

Bulk water leakage into the foundation was not visible except for residual staining at the crawl space. If the foundation walls 
are consistently dry, reasonable retrofit assemblies are those shown in Building Science Digest 103: Understanding 
Basements.  Some recommended assembly options are shown in Figure 104 and Figure 105.  They show the options of 
rigid foam (extruded polystyrene/XPS) or closed cell (2 pounds/cubic foot) polyurethane spray foam, applied to the interior 
side of the foundation wall. All these materials have the advantage of being air impermeable (unlike fiberglass insulation), 
keeping interior air away from cold surfaces (avoiding condensation risks).  The materials are also somewhat tolerant of 
moisture intrusion: they can take incidental, periodic wetting without damage. 

Figure 104: Interior basement insulation with insulated 
wood frame wall and gypsum board 

Figure 105: Basement interior spray foam 
application, with steel stud frame and gypsum board 

Figure 104 shows the use of rigid foam board insulation (e.g., XPS) on the interior, attached either with adhesive or 
mechanical fasteners.  Note that the rigid foam must be detailed as an air barrier (taped seams, caulk details at top, bottom, 
and window penetrations), to prevent interior air leaking into the air space behind the foam, and condensing on the hidden 
surface.  A stud frame wall can be built inboard of the XPS foam, and filled with insulation (e.g., fiberglass), if additional R 
value is required.  However, if only R-10 is required (e.g., typical code value), a 2” layer of XPS foam would be sufficient 
insulation. Note that this board foam option will not work on the uneven rubble stone foundation. 
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Figure 105 shows the use of closed-cell spray foam directly against concrete foundation wall.  Closed cell spray foam is 
moisture-tolerant, provides sufficient water vapor control, and will provide an excellent air barrier.  This retrofit could be 
applied to the rubble stone foundation. 

Both of these insulation materials must be protected from interior ignition sources (i.e., gypsum board or equivalent).  If a 
steel stud wall is used, the studs should ideally be installed completely inboard (or just touching) the spray foam.  
This eliminates any thermal bridging problems (loss of insulation value; see BSI-005: A Bridge Too Far), and provides a 
space for running services. The recommended interior finish is a fiberglass-faced (non-paper faced) gypsum board, such as 
GP DensArmor Plus, USG AquaTough, or Temple Inland GreenGlass.  However, mold-resistant paper faced gypsum board 
is an acceptable (albeit lower performance) substitution. 

A lower cost insulation detail at flat concrete walls is to use Dow THERMAX insulation on the foundation wall, which can be 
left exposed (Figure 106 and Figure 107) without fire protection. 

 
Figure 106: Interior basement insulation with rigid 
polyisocyanurate foam (THERMAX) left exposed 

 

 
Figure 107: Basement interior with rigid 
polyisocyanurate foam (Rosenbaum 2011) 

This solution was used by Marc Rosenbaum (a colleague and building science practitioner); images of the process and the 
finished results can be found on his blog: 

 Basement insulation, part 3 
http://blog.energysmiths.com/2011/08/basement-insulation-part-3.html 

Vented Crawl Space Problems 

BSC’s discussion of how vented crawl spaces behave, and moisture-safe construction details are covered in Building 
Science Insight 009: New Light In Crawlspaces.  The central point is that vented crawl spaces insulated with batt 
insulation between joists (per Figure 108) are very vulnerable to moisture problems, due to condensation risks, 
especially when interior summertime cooling is added. 

How about vented crawlspaces? Ah, we typically have two “condensing surfaces of interest”: the underside 
of the cavity insulation in the floor joists and the top surface of the ground cover). What is going on is that 
the outside air dew point temperature is above the ground surface temperature for several months of the 
year. The ground surface temperature governs what happens in the crawlspace because it pretty much 



2019-12-03 PS 2019.167 - Woodstock Academy Building Restoration Enclosure Report 

 

37 

55 

 

 

determines what the temperature of the underside of the insulated floor assembly is. The underside of the 
insulated floor assembly is within one or two degrees of the ground surface temperature because the two 
surfaces are radiation coupled (Figure 108). 

 

Figure 108: Potential condensation risks in insulated vented crawl spaces (BSI-009); not recommended 

Unvented Crawl Space 

BSC’s basic guidance on crawl space construction can be found in the BSC Builders Field Guide, and Information Sheet 
512: Crawlspace Insulation, as follows: 

Crawlspaces should be designed and constructed as mini-basements.  Crawlspaces should not be 
vented to the exterior (see FAQ on Crawlspace Venting). They should have their floors uninsulated, 
the ground vapor sealed, their walls insulated and air sealed, and their air conditioned with indoor 
air. 

Traditional vented crawlspaces are often damp, moldy and inhabited with pests. They have almost 
universally been found to be well connected to indoor air through many small unintentional air leaks in the 
floors, partitions, and ducts.   Therefore, to ensure both durability and indoor air quality (and save energy), a 
crawlspace must be kept dry, conditioned to control temperature and humidity, and sealed tight to be pest 
free.  This is particularly important for crawlspaces that contain mechanical equipment—a situation that is 
practically guaranteed in buildings that have a crawlspace. Mechanical systems should not be installed 
outside of a home in unconditioned space unless there is no practical alternative. 

Crawlspaces should have a continuous sealed groundcover of vapor diffusion resistant materials, such as 
taped polyethylene or, preferably, a thin poured concrete slab over polyethylene with perimeter and control 
joints sealed. When the crawlspace ground level is below the ground level of the surrounding grade they 
should have perimeter drainage just like a basement. There must be good drainage away from crawlspaces 
(refer to Information Sheet 101: “Groundwater Control”). 
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This is shown in Figure 109: typical recommendations include the installation of a sealed ground cover on the earth floor 
(airtight connections to walls and penetrations), sealing of the crawl space vents (if any), addressing bulk water issues 
(downspouts, flooding), insulation of crawl space walls, and adding mechanical dehumidification. 

 

Figure 109: Conditioned crawl space conceptual diagram 

Examples of ground cover sealing to foundation walls is shown in Figure 110, and installation of foil-faced polyisocyanurate 
insulated rated to be left exposed in a crawl space (Dow THERMAX or equal) in Figure 111. 

Figure 110: Mastic sealing ground cover to walls Figure 111: Polyisocyanurate board on crawl walls 

Another option is to use closed-cell spray foam on the foundation walls; however, an intumescent paint is required for fire 
code compliance. 

Given the robust slab at the crawl space, the only required retrofit measure is insulation of the crawl space walls, 
with either rigid foam board or closed-cell spray foam. 
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Crawl Space Space Conditioning 

Once the crawl space and basement are converted to conditioned spaces, the interior moisture level must be controlled with 
via dehumidification to avoid problems, such as mold growth (as seen on interior gypsum board). 

Installation of crawl space dehumidifiers is the recommended approach.  As a point of information, upgrading to a 
higher-end dehumidifier might be worth considering; excellent models intended for crawl space and basement use are 
available from Therma-Stor; model options are shown in Figure 112. 

 Therma-Stor LLC Santa Fe Free-Standing Dehumidifiers 
http://www.santa-fe-products.com/ 

 

Figure 112: Therma-Stor Santa Fe Feature Comparison 

One advantage is higher efficiency; Santa Fe dehumidifiers have efficiencies of 2.4 to 4.2 liters/kWh (5.0 to 8.8 pints/kWh), 
compared to commodity unit efficiency levels under 2 liters/kWh. 

Another advantage is that these products have higher durability than commodity dehumidifiers.  Given their critical role, and 
the lack of day-to-day maintenance and/or observation in the crawl spaces, a higher quality product might be worth 
considering for reliability reasons. 

 
Figure 113: Santa Fe Compact (12″W x 12″H x 21″L) 

 
Figure 114: Santa Fe Force (14.5″W x 21″H x 26″L) 
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Exterior Perimeter Drainage Retrofit 

As shown in Figure 98 and Figure 99, there is significant pooling of water next to the crawl space foundation northeast 
corner due to pool grading (ground slopes towards building) and a downspout that deposits water next to the foundation. 

It may be difficult to regrade the exterior to drain away from the building.  A recommended detail is shown in Figure 115; it is 
referred to as a “ground skirt” or “ground roof” detail around the perimeter of the foundation, and is covered further in 
Building America Report 1015: Bulk Water Control Methods for Foundations. 

 

Figure 115: Ground skirt or ground roof foundation water control (with added insulation) 

This detail involves a piece of rubber roofing (EPDM, TPO, etc.) or pond liner, connected to the foundation wall, and then 
draped into a trench around the building.  The trench is filled with free-draining gravel, then covered with a filter fabric, which 
is protected with stones or landscaping.  The filter fabric serves to prevent clogging of the free-draining gravel with sediment.  
There is a perforated drainage pipe at the bottom of the trench, which drains water away from the foundation (daylight, storm 
sewer, or sump).  An optional rigid insulation detail is shown, which reduces heat loss from the basement, “trapping” the 
“warm bubble” of heat around the foundation. 

An example of building this “ground roof” detail under construction is shown in Figure 116 and Figure 117; it includes the 
optional added insulation (extruded polystyrene foam) detail. 

Figure 116: Retrofit of “ground roof” detail (Petersen 
Engineering) 

Figure 117: Backfilling of “ground roof” with peastone 
(Petersen Engineering) 

Termination bar 

Roofing membrane 

Drainage to daylight 

Drainable fill wrapped 
with geotextile fabric 

XPS insulation (optional) 
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This ground roof detail could be implemented at the areas showing consistent water pooling; the area highlighted in GREEN 
in Figure 118 is a reasonable extent for this detail. 

 

Figure 118: Foundation plan, with rough area of ground roof detail and downspout locations sketched 

In addition, the downspouts (as highlighted in ORANGE in Figure 118) handle a disproportionate amount of water from roof 
runoff.  They must be directed away from the foundation to either daylight or a dry well away from foundation. 

Other Basement Details 

If the foundation insulation details discussed above are executed, we would recommend replacing all of the basement 
windows with double-glazed units, or adding exterior low-E storm windows.  An alternate lower-cost option for treating the 
basement windows is to block them off with black filter fabric (for aesthetics) and retrofitting rigid foam board insulation on 
the interior, as shown in Figure 119 and Figure 120. 

Figure 119: Black fabric to “blank off” window opening Figure 120: Foam insulation board in window opening 
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The basement bulkhead is a source of heat loss; the recommended solution is to add an insulated door or blank-off panel 
(as shown in BLUE in Figure 121) to isolate the stairwell from the basement interior. 

 

Figure 121: Basement bulkhead, showing potential location of door and insulation 

As shown in Figure 69 and Figure 70, the worst mortar erosion issues are seen at the front bumpout, which is where the 
foundation wall is adjacent to the front pavement.  The other damaged area was at the “wing wall” of the exterior stairs.  

Based on these damage patterns, the most likely explanation is the use of deicing salts at these areas; salt exposure can 
greatly intensify damage to masonry materials, such as freeze-thaw and subfluorescence. This is discussed in Building 
America Report 1307: Interior Insulation of Mass Masonry Walls: Joist Monitoring, Material Test Optimization, Salt Effects”: 

Many masonry degradation phenomena are linked to salt content and/or movement, such as blistering, 
crumbling, efflorescence and subfluorescence, salt fretting/erosion, spalling, sugaring, and honeycomb 
weathering (NPS 1984). 

The key takeaway is that the foundation brick and mortar appear to be vulnerable to salt damage. Therefore, the 
owner’s team must be warned that deicing salts should be avoided or minimized at this paved area if possible, 
given this previous damage. 
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8. Roof/Attic: Site Observations 

Roof and Water Management 

The existing roof is a single-ply EPDM membrane on the original roof sheathing/decking, per Figure 122 (overhead view) 
and Figure 123 (taken from roof access hatch). The roof is slated for replacement, so it was not examined in detail. 

Figure 122: Overview of roof geometry Figure 123: Typical EPDM roof conditions via hatch 

The roof is intended as a vented design, with insulation at the attic floor line.  There are “high” vents located near the top of 
the roof/cupola, as shown in Figure 124.  However, at least one roof vent was a source of active water leakage during the 
site investigation (north/rear side, Figure 125), due to blown-in rain. 

Figure 124: Roof vent near cupola (west) Figure 125: Water leakage at north roof vent 
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Roof perimeter drainage is provided by built-in gutters lined with the roof EPDM membrane, per Figure 126 and Figure 127. 
This drainage is directed to downspouts mapped previous in Figure 118. 

Figure 126: Roof perimeter overview, facing front Figure 127: Built-in gutter lined with EPDM roofing 

A view of the underside of the roof overhangs/soffits (Figure 128) shows no sign of “low” ventilation (eave strip or “button” 
ventilation).  

There was visible dripping from the underside of the soffit, and visible damage at the soffit board (Figure 129).  This is likely 
water leakage at the built-in gutters, or other failing roof drainage details. 

Figure 128: Apparent leakage at front of building Figure 129: Water leakage and soffit damage 
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Attic Overall Conditions 

Overviews of the attic are shown in Figure 130 and Figure 131. The wood framing appears original; fiberglass batt insulation 
is placed at the attic floor.  There is extensive ductwork and distribution piping (including fire sprinklers) located in the attic, 
even though as a vented space, it is nominally “outdoors.” 

Examination of the attic perimeter showed no sign of daylight openings for “low” attic ventilation. Some attic perimeter areas 
had insulation stuffed between the perimeter beam and roof sheathing, which would block ventilation flow. 

Figure 130: Overview of attic, east end Figure 131: Overview of attic, west end 

The attic floor insulation is Kraft-faced R-19 fiberglass batt (Figure 132), which is well below current code requirements of R-
40 to R-50.  The roof rafter framing is roughly 6 inches deep (Figure 133).  

Figure 132: Removed batt insulation at attic floor Figure 133: Roof rafter framing typical conditions 

Attic Infrared Observations and Temperature 

The attic was examined with an infrared camera.  The ductwork in the attic is clearly a source of massive heat loss to the 
attic, as evidenced by their warm surfaces (Figure 134 and Figure 135). Similarly, the hot water piping is also a source of 
heat loss to the attic, even with insulation jacketing (Figure 136). 

Other noticeable thermal anomalies were attic thermal bypasses, or warm air leakage through holes in the ceiling, as shown 
in Figure 137 (insulation covering an air leak) and Figure 138 (air leakage at structural penetration). 

The stairwell and door from the third floor to the attic is shown in Figure 139, which shows the heat loss at the stairwell walls 
connected to the third floor. 
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Figure 134: Visual and infrared image of ductwork in attic, showing heat loss from mechanicals/ductwork 

Figure 135: Visual and infrared image of ductwork in attic, showing heat loss from mechanicals/ductwork 

Figure 136: Visual and infrared image of piping in attic, showing heat loss from mechanicals 
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Figure 137: Visual and infrared image of ductwork and air leakage at attic bypasses 

Figure 138: Visual and infrared image of air leakage at attic bypasses 

Figure 139: Visual and infrared image of doorway and stairwell from third floor to attic 

The attic was noticeably warm during these observations; conditions in the attic were measured at 61.3°F and a 40.3°F 
dewpoint. In comparison, the interior third floor was roughly 63°F, and outdoors was 40°F/38°F dewpoint.  This clearly 
indicates that the attic space is essentially acting as “indoor” space, despite insulation at the floor and venting at the peak.
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9. Roof/Attic: Recommended Retrofit 

Unvented vs. Vented Attic Options 

The attic is currently designed to be a vented, unconditioned space, as shown conceptually in Figure 140 left.  Insulation is 
placed at the attic floor, and there is outdoor air ventilation near the peak to allow the release of ventilation air. 

However, the extensive mechanical equipment in the attic results in major heat loss to the attic, and an attic interior 
temperature of 61°F on an overcast 40°F day.  This demonstrates that the attic is not outdoors; instead, it “behaves” closer 
to interior conditions. 

One option is to reduce heat losses from mechanicals, and to air seal the surface between the attic and the conditioned 
space, as discussed below. 

The alternate solution is to move the thermal barrier (insulation) and pressure boundary (air barrier) to the roof 
deck, thus bringing the ductwork and mechanical systems into the conditioned space (Figure 140 right).  The 
conditioned or unvented attic will run at conditions similar to the interior (typically slightly warmer in summer, and 
slightly cooler in winter). This will be even more critical if cooling is supplied via attic ductwork in a future installation: an 
attic will be much hotter than outdoor conditions in summer, resulting in greater loads on air conditioners and heat gain to 
ductwork and mechanical equipment. 

Moving the air barrier to the roofline means that air leakage between the attic and the interior (e.g., attic bypasses, access 
stairwell) is a non-issue, as both are conditioned spaces.  By bringing the ductwork and mechanicals inside, losses are 
“recaptured” within the interior space. This retrofit will improve airtightness, and reduce heating and cooling loads. 

 

Figure 140: Conceptual diagram comparing vented roof with unvented/cathedralized roof, with HVAC equipment 

The basics of unvented roofs are covered in Building Science Digest 102: Understanding Attic Ventilation and “A Crash 
Course in Roof Venting.”  Further information on the vented attic vs. unvented attic HVAC trade-off are covered in “Are You 
Doing Something Stupid? - 3 SPF Topics That Might Have You Rethinking Your Decisions,” in section “Systems thinking.” 

Unvented Attic Retrofit Details 

Unvented roof assemblies must meet the requirements of IRC §R806.4/§R806.5 Unvented attic assemblies and IBC 
§1203.3 Unvented attic and unvented enclosed rafter assemblies; these code provisions are for roof assemblies that 
minimize the chances of wintertime condensation problems.  The requirements are discussed in depth in IRC FAQ: 
Conditioned Attics and A Crash Course in Roof Venting. 

Given the plan to replace the roofing, a suitable option would be to install exterior rigid foam board as a condensation control 
layer and insulate the rafter cavity with fibrous insulation (fiberglass or cellulose), per Figure 142. It also requires new 
detailing to accommodate the thicker built-up roof edge, as described in Building Science Insight 063: Over-roofing—Don't 
Do Stupid Things. 

An alternate solution is spray foam against the underside of the roof sheathing, as shown in Figure 141. In this climate, 
closed cell spray foam is the recommended approach. 
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Figure 141: Unvented roof with spray foam Figure 142: Unvented roof with exterior rigid board foam 

The physics and condensation risks of “hybrid” assemblies (per Figure 142 are discussed in Building Science Insight 100: 
Hybrid Assemblies. In Climate Zone 5A, the hybrid roof assembly’s R-values must provide a 40%-to-60% ratio (minimum 
foam-to-maximum fiberglass) to control condensation risks (see Table 1).  A reasonable level for an assembly like Figure 
142 is 3.5” polyisocyanurate exterior (R-22) with R-30 (maximum) cavity insulation. 

Table 1: Insulation requirements for hybrid insulation unvented roof condensation control (BSI-100) 

 

Options for this rafter bay insulation include batt insulation held up by strapping (Figure 143) or spray fiberglass insulation 
(Johns Manville Spider, Figure 144). 

Figure 143: Cathedralized roof w. strapped FG batt Figure 144: Attic with spray fiberglass insulation 
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Other required details for the unvented attic approach include the following: 

 The cupola should be a vented outdoor space. Therefore, a line of insulation and air sealing is required between 
the (now conditioned) attic and the cupola. 

 The perimeter of the roof must be detailed with an insulation and air barrier connection detail; a basis of design 
detail, showing a spray foam connection from the roof sheathing to the wall, is shown in Figure 145 (taken from the 
Mass Save Deep Energy Retrofit Builder Guide). 

 

Figure 145: Roof to wall connection detail with exterior foam roof overclad 

Vented Attic Option 

If a vented attic approach (per Figure 140 left) must be retained, we would recommend the following steps: 

 Retrofit insulation to all mechanicals exposed in the attic space, including ductwork and piping.  Ductwork also 
needs retrofit air sealing, to address duct air leakage.  Spray foam encapsulation of ductwork is an option worth 
considering to provide both measures. 

 Perform retrofit air sealing to the third floor ceiling to create a robust air barrier.  Further details are covered in Attic 
Air Sealing Guide and Details. 

 Insulate the attic floor to current code levels (~R-50) 

 Detail the access stair to reduce heat losses; one example is an insulated hatch/cover over the stairwell opening, in 
line with the attic floor. 

 Add “low” roof ventilation to allow airflow from low to high in the attic (per Figure 140 left), meeting code 
requirements. 
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10. Lecture/Drama Room Stratification 

Site Infrared Observations 

Most interior observations did not provide actionable information. One exception was infrared observations of the 
Lecture/Drama room, as shown in Figure 146 and Figure 147.  There is a 3-4 foot “band” of warm air around the ceiling and 
wall perimeter (both interior and exterior), with much warmer conditions at the ceiling than the remainder of the room. 

Figure 146 shows the wall temperature contrast between interior-to-exterior conditions (right) versus interior-to-interior 
conditions (left). 

Figure 146: Visual and infrared image of Lecture/Drama room, showing hot air stratification at ceiling 

Figure 147: Visual and infrared image of Lecture/Drama room, showing hot air stratification at ceiling 

The reason for this thermal anomaly is thermal stratification of air near the ceiling.  Warm air is supplied via ceiling registers 
(Figure 148 and Figure 149), and remains near the ceiling without provide useful heat to the occupied space near the floor.  
The reasons for this issue and recommended solutions are discussed below. 
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Figure 148: Overview of Lecture/Drama room Figure 149: Typical ceiling supply register 

Stratification Due to HVAC Design (ACCA Manual T) 

ACCA Manual T (Air Distribution Basics) provides useful background information on temperature stratification and HVAC 
design.  First, it classifies ceiling diffusers into horizontal and vertical “throw” models. 

Ceiling diffusers are available in models which are designed to either discharge the air horizontally, 
parallel to the ceiling, or vertically toward the floor.  

The ceiling diffusers used at the Lecture/Drama room appear to be horizontal throw (Figure 149). 

Manual T also notes that buildings or spaces with poor thermal performance (airtightness and insulation) have larger vertical 
temperature gradients/stratification, and that supply systems that mix air reduce temperature gradients. 

Larger vertical temperature differences (gradients) are associated with poorly constructed and/or poorly 
insulated homes (or rooms) and smaller gradients are associated with tight, well insulated homes (or 
rooms). Larger gradients are associated with supply outlets that do a poor job of mixing and diffusing the 
supply air with the room air and smaller gradients are associated with supply outlets which thoroughly mix 
the supply air with the room air. 

As a result, Manual T shows that if a space is heated with ceiling ductwork with a horizontal (parallel to ceiling) flow, there 
will be stratification of warm air near the ceiling (Figure 150).  This is exactly the pattern seen at in the Lecture/Drama room. 

During heating, the total air pattern that is associated with horizontal discharge diffusers tends to cling to the 
ceiling and a large stagnant region develops below. This can cause a very noticeable temperature 
differential between the floor and the ceiling. In cold climates the combination of slab construction and 
ceiling terminals may result in unsatisfactory comfort at the foot/ankle level.  

 

Figure 150: Horizontal ceiling discharge effect on heating pattern and stratification (ACCA Manual T) 
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In contrast, using vertical throw ceiling diffusers can break up the stratification pattern, mixing the air. However, the velocity 
of the air hitting occupants can result in comfort complaints: 

During heating, round or square diffusers located in the interior of the room can provide a desirable total air 
pattern but drafty conditions will occur if the jet of primary air penetrates into the occupied zone. Therefore, 
the benefit of using higher jet velocities to get the air down to the floor is offset by the tendency of the higher 
velocities to create drafts. For this reason, these types of diffusers are only recommended when comfort 
considerations are not of primary concern, such as a warehouse heating application.  

 

Figure 151: Vertical ceiling discharge effect on heating pattern and stratification (ACCA Manual T) 

If the ceiling diffusers are changed to vertical discharge diffusers, the vanes should be directed to “throw” air downward and 
towards the exterior walls.  This will hopefully direct air away from directly landing on occupants. In addition, if the airflow 
pattern “adheres” to the exterior wall, it will have a longer throw, and will therefore be more likely to break up the stratification 
pattern: 

Also note that when a downward projecting linear or slot diffuser is located close to a wall, the air pattern will 
tend to cling to the wall and the throw will be increased. …. Diffusers located close to the wall have the 
advantage of creating a downward projecting air pattern that is outside of the occupied zone.  

Unfortunately, switching to vertical discharge diffusers will penalize cooling performance.  There will be a “pool” of cool air at 
floor level, with some stagnation in the occupied/walkable space (Figure 152).  However, given the relative importance of the 
heating vs. cooling seasons in New England, this might be acceptable. 

 

Figure 152: Vertical ceiling discharge effect on cooling pattern and stratification (ACCA Manual T) 

Takeaway: switching the Lecture/Drama room ceiling registers from horizontal to vertical throw units will help break 
up stratification.  Downsides include some risk of comfort issues (if the “jet” of air lands on occupants), and 
impaired cooling performance.  Improving thermal performance (e.g., reducing air leakage) will reduce stratification. 
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In addition to the supply side, return geometry can have an effect on stratification patterns.  As a first clarification, though, 
returns do not “churn” or redistribute air around them, as discussed in the quote below. By way of analogy, blowing out a 
candle is easy, but trying to “suck” out a candle does not create the required air velocity. 

In general, the location of the return has no effect on the air pattern within the occupied zone and negligible 
effect on the shape and size of a stagnate zone. 

Laboratory tests show that the influence that a return intake has on room air patterns is limited to a tiny area 
within a few feet of the intake. The figure below illustrates this point; note that even with an unreasonably 
high face velocity of 1000 fpm the velocity of the room air, just inches away, is only 50 fpm. 

However, placing the return low is the ideal location for a heating-dominated climate.  With this placement, the return will 
draw from the “stagnant region” where the coldest air is currently remaining in place: 

As a general rule, the return should be located inside the stagnant region. The stagnant zone is 
characterized as an area that is not under the influence of the supply outlet but which is subject to natural 
convection currents.  

For "heating only" applications, the stagnant zone is at the floor level. This means the return should 
be placed at the floor level. This recommendation applies whether the supply outlets are in the floor or 
high in the sidewall or ceiling. In this arrangement, the coldest air is removed first and returned to the 
conditioning equipment.  

Takeaway: switching to a low wall return (instead of a ceiling return) may reduce stagnation by drawing the coldest, 
floor-level air first.  However, this change will not significantly shift the air patterns by “sucking air out”—this force 
is very weak. 
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11. Additional Resources 

Several documents are referenced over the course of this report; they can be located at the following sites: 

 Building Science Digest 104: Understanding Air Barriers 
http://www.buildingscience.com/documents/digests/bsd-104-understanding-air-barriers 

 Building Science Insight 009: New Light in Crawlspaces  
http://www.buildingscience.com/documents/insights/bsi-009-new-light-in-crawlspaces/  

 Building Science Insight 028: Energy Flow Across Enclosures 
http://www.buildingscience.com/documents/insights/bsi-028-energy-flow-across-enclosures 

 Building Science Insight 038: Mind the Gap, Eh! 
https://buildingscience.com/documents/insights/bsi-038-mind-the-gap-eh 

 Building Science Insight 043: Don't Be Dense—Cellulose and Dense-Pack Insulation 
http://www.buildingscience.com/documents/insights/bsi-043-dont-be-dense/ 

 Building Science Insight 057: Hockey Pucks and Hydrostatic Pressure 
http://www.buildingscience.com/documents/insights/bsi-057-hockey-pucks-and-hydrostatic-pressure/ 

 Building Science Insight 063: Over-roofing—Don't Do Stupid Things 
http://buildingscience.com/documents/insights/bsi-063-over-roofing 

 Building Science Insight 084: Forty Years of Air Barriers*—The Evolution of the Residential Air Barrier 
https://www.buildingscience.com/documents/insights/bsi-084-forty-years-of-air-barriers 

 Building Science Insight 100: Hybrid Assemblies 
https://www.buildingscience.com/documents/building-science-insights/bsi-100-hybrid-assemblies 

 Building America Report 1108: Hybrid Foundation Insulation Retrofits: Measure Guidelines 
http://www.buildingscience.com/documents/bareports/ba-1108-hybrid-foundations-retrofits-measure-guideline/view 

 Building America Report 1203: Measure Guideline—Wood Window Repair, Rehabilitation, and Replacement 
http://buildingscience.com/documents/bareports/ba-1203-wood-window-repair-rehabilitation-replacement/ 

 Information Sheet 101: Groundwater Control 
http://buildingscience.com/documents/information-sheets/groundwater-control 

 Information Sheet 512: Crawlspace Insulation 
http://buildingscience.com/documents/information-sheets/crawlspace-insulation 

 Building America Report 1015: Bulk Water Control Methods for Foundations 
http://buildingscience.com/documents/bareports/ba-1015-bulk-water-control-methods-for-foundations/view 

 Building America Report 1307: Interior Insulation of Mass Masonry Walls: Joist Monitoring, Material Test 
Optimization, Salt Effects 
https://buildingscience.com/documents/bareports/ba-1307-interior-insulation-mass-masonry-walls/view 

 Attic Air Sealing Guide and Details 
http://www.buildingscience.com/documents/guides-and-manuals/gm-attic-air-sealing-guide/view 

 Mass Save Deep Energy Retrofit Builder Guide 
http://www.buildingscience.com/documents/guides-and-manuals/gm-mass-save-der-builder-guide/ 


