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Effect of wall energy retrofits on drying capability 
 

By Dr. Wahid Maref  

 

In an article in Solplan in 2007, NRC-IRC reported on its new Ventilation and Wall Research 

House. This current article reports on research recently completed using the wall facility part of 

the house.  The research examined the effect of two energy retrofit strategies on wall wetting and 

drying. 

 

Test walls 

Three wall specimens were installed side-by-side into test bays. Wall 1 was the reference wall 

with nominal batt RSI of 3.5 (R20). Wall 2 was upgraded by installing 50 mm XPS rigid foam 

insulation to provide a wall nominal RSI of 5.25 (R30). Wall 3 was upgraded by RSI 1.76 (R10) 

by adding 63.5 mm semi-rigid mineral insulation boards installed horizontally (Table 1).  
 

Table 1 Description of base wall and test walls 

 
Wall 1 (reference wall) 

38 x140 mm insulated wood-

frame with no exterior insulatin

sheathing 
g 

Wall 2 

Lower air and vapour permeance 

insulating sheathing 

Wall 3 

Higher air and vapour permeance 

insulating sheathing 

 

� Vinyl siding 
� Sheathing 
membrane (spun‐
bonded olefin) 
� 11‐mm OSB 
wood‐sheathing 
(with a 6‐mm 
horizontal gap at 
mid‐height) 
� 38 x140 mm 
(2X6) nominal stud 
cavity with RSI3,5 
(R20) glass fibre 
insulation batts 
� Plastic air/vapour 
barrier 
� Painted drywall 

 

� Vinyl siding
� 50‐mm  XPS rigid 
foam insulation, 
609‐mm wide 
sections installed 
horizontally, 
square edge 
� Sheathing 
membrane (spun 
bonded olefin) 
� 11‐mm OSB 
wood‐sheathing 
(with a 6‐mm 
horizontal gap at 
mid‐height) 
� 38 x140 mm 
(2X6) nominal stud 
cavity with RSI3,5 
(R20) glass fibre 
insulation batts 
� Plastic air/vapour 
barrier 
� Painted drywall 

 

� Vinyl siding
� Sheathing 
membrane (spun‐
bonded olefin) 
� 19 x 38 mm (¾ x 1½ 
in.) vertical 
strapping @ 400 mm) 
o.c. mounted on 
blocks 
� 63.5‐mm  semi‐rigid 
mineral fibre 
insulation boards 
installed horizontally 
� Sheathing 
membrane (spun‐
bonded olefin) 
� 11‐mm OSB wood‐
sheathing (with a 
6‐mm horizontal gap 
at mid‐height) 
� 38 x140 mm (2X6) 
nominal stud 
cavity with RSI3,5 
glass fibre insulation 
batts 
� Plastic air/vapour 
barrier 
� Painted drywall 



 

 

Test Conditions 

The wall specimens were exposed to natural weather conditions on the exterior side, while 

temperature, relative humidity, and pressure conditions on the interior side were varied.  

 

The two retrofitted specimens (Walls 2 and 3) were challenged with high indoor relative 

humidity and air pressure levels while construction deficiencies providing a path for air leakage 

were introduced. The reference test wall (Wall 1) was constructed with no controlled air leakage 

path. 

 

Data were collected to examine the hygrothermal response of the test specimens at critical 

locations within the test assembly, over the Fall 2007 and Winter and Spring 2008. The 

performance of the two retrofitted test specimens was compared to that of the reference wall. 

 

Results 

The results showed that adding some thermal insulation to the exterior of an insulated stud cavity 

can contribute to reducing the duration of the potential for interstitial condensation, but 

condensation can still take place during the coldest period of winter in a climate such as Ottawa.  

 

The study showed that necessary conditions for condensation are: cold exterior temperatures 

resulting in an interstitial surface temperature below the dew point of room air, an air leakage 

path through the wall assemblies, air pressure indoor higher than outdoor (air exfiltration drive) 

and indoor moisture load. 

 

It was found that the air and vapour permeance properties of the insulation material positioned 

on the exterior of the stud cavity had some effect on the moisture transport and distribution 

across the wall assemblies. The XPS foam exhibited lower vapour and air permeance than the 

mineral fibre insulation and this difference in properties can explain the lower rate of moisture 

transmission through the XPS foam. Higher vapour pressure or absolute humidity differences 

were observed across layers with low air and vapour permeance. 

 

For “reversed” moisture flow (summer conditions), the wall assembly with XPS exterior 

insulating sheathing exhibited a lower vapour permeance than the one with semi-rigid mineral 

fibre, reducing the rate of migration of exterior moisture inward towards the stud cavity 

materials.   

 

Both wall assemblies with external thermal insulation experienced short-term wintertime 

condensation wetting in the stud cavity when air exfiltration was present during sufficiently cold 

weather conditions; however, both wall assemblies dried out without any apparent stains or 

damage to the stud cavity materials. 

 

The two assemblies with exterior insulation were less prone to interstitial condensation than 

similar walls without such exterior thermal insulation. The study showed that the addition of an 

exterior insulating sheathing raised the temperature of the stud cavity materials and could 

maintain them above the dew point of interior air, thus reducing the likelihood and duration of 



interstitial condensation, within limits. When the outdoor climate got very cold, the benefit of the 

insulating sheathings on reducing the condensation potential was reduced. 

 

Both retrofitted wall systems managed moisture appropriately but through different mechanisms 

in winter and summer, thereby showing the benefits of retrofitting wall systems with these 

exterior insulations. 

 

For more information about the research, the wall test facility and partnership opportunities, visit 

the website http://www.nrc-cnrc.gc.ca/irc, or contact Dr. Wahid Maref (Wahid.maref@nrc-

cnrc.gc.ca). 

 

Dr. Wahid Maref is a Senior Research Officer in NRC-IRC’s Building Envelope and Structure 

program.  
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