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Summary 
A study was initiated in late 2012 to assist in designing panelized wood roofs and other wood roof 
assemblies as part of the work supporting the British Columbia (BC) Advisory Group on Advanced Wood 
Design Solutions. The test aimed primarily to assess and compare the drying performance of different 
roof assemblies with built-in moisture under worst-case scenarios in the coastal climate of BC. A range of 
roof assemblies were built using plywood, OSB, cross-laminated timber (CLT), or laminated veneer 
lumber (LVL) as the roof deck. Each deck specimen was wetted using hourly spray of water for 15-20 
days in the laboratory. Either self-adhered impermeable membrane, or standard roofing felt plus asphalt 
shingles, was used to cover the wetted top surface. Closed-cell spray foam insulation was applied on the 
bottom surface in several roof assemblies to assess its impact on the drying performance. Subsequent 
drying was carried out under three ambient conditions for three groups of specimens, beginning in 
February or March, 2013. Limited drying forces, except natural moisture diffusion and evaporation, were 
created, except for one roof assembly placed under controlled temperature gradients. The drying rates of 
each wood deck were monitored by weighing the roof assemblies periodically, followed by calculating 
the changes in the average moisture content (MC) of each wood deck. In total, 111 assemblies were tested 
to compare the drying rates between different wood decks and between different assemblies. 
 
The major test results included: 
 

 The MCs of the plywood, OSB, CLT, and LVL specimens, after hourly spray in the laboratory 
for 15 to 20 days, were all highly comparable with those of the naturally exposed reference 
specimens after about two months of natural exposure from January to March. This validated the 
use of such laboratory wetting to simulate severe wetting scenarios on construction sites.  

 The four types of roof deck materials in this study showed very different water absorption and 
wetting potentials. The CLT specimens, as a mass timber product tested in this study, showed the 
lowest wetting potential, closely followed by LVL. The plywood and the OSB specimens tested 
had the highest MCs after wetting under both conditions. 

 In general the higher the material’s wetting potential, the faster it would dry under conditions 
allowing drying.  

 The CLT and LVL assemblies, covered with impermeable membrane on the wetted surfaces, 
showed little drying during the test periods. The use of two layers of plywood as a roof deck also 
showed much slower drying compared with the one-layer assemblies, when covered with an 
impermeable membrane on the wetted surfaces. 

 The combination of 15-pound roofing felt and asphalt shingles showed only slightly better vapour 
permeance, as indicated by the slightly better drying performance of roof assemblies, compared 
with the impermeable membrane used in this test.  

 All of the roof deck materials tested had very poor drying performance when enclosed in 
materials with low vapour permeance, such as impermeable membranes and closed-cell spray 
foam.  

 Among the three main drying conditions used in this study, the plywood and OSB assemblies in 
the shed showed the lowest drying, and those in the lab showed the fastest drying, with those in 
the conditioning chamber providing intermediate drying rates. Such differences appeared to 
correlate well with the vapour pressure differences between the saturated pressures and the partial 
pressures of the environments. The shed was intended to simulate covered on-site conditions in 
this climate. 
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This test indicated that, when roof panels get wet, drying during construction can be improved fairly 
easily for relatively permeable panels or assemblies, such as one layer of plywood or OSB, one layer of 
plywood or OSB covered with other materials only on one side. Favourable weather conditions and 
mechanical methods (e.g., ventilation and space heating) can accelerate drying. However, the ambient 
environment may not have much effect on the drying performance of relatively impermeable products or 
assemblies, including massive wood members and wood enclosed in impermeable materials. The test data 
also indicates that drying could take a long time, typically weeks and even months depending on 
environmental conditions, once wood panels get severely wet. This could allow mould growth and even 
decay to occur under severe circumstances. This study confirms the importance of keeping wood dry in 
the first place, and drying wood before enclosure when wetting occurs as the second strategy, in order to 
minimize moisture-related risks. Guidelines are needed to recommend best practices for on-site wood 
protection and moisture management in wet climates, for the use of innovative engineered wood products 
in larger building projects in particular. 
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1 Objectives 
 To determine the drying performance of a range of wood-based roof assemblies, after severe wetting 

of the wood to simulate built-in construction moisture; 

 To compare wetting and drying potentials of new-generation roof decks, such as cross-laminated 
timber (CLT) and laminated veneer lumber (LVL), to more traditional sheathing panels, such as 
plywood and OSB; 

 To eventually help develop practical solutions for on-site moisture management, for larger and taller 
wood buildings in particular. 

 
 

2 Introduction 
Wood-based products, including plywood, OSB, and sometimes dimensional lumber, have been 
commonly used for roof sheathing of houses and larger buildings. Roofs can be designed and built to be 
sloped (with a slope of 1:3 and up, attic-type or cathedral-type) or flat (including low-slope roofs with a 
slope below 1:4), and can be vented or unvented. A vented attic roof has been traditionally built with 
fibrous insulation (batt or blown-in insulation) laid on the ceiling plane, with the space between the 
ceiling and the underside of the roof sheathing vented with outdoor air through soffit vents and roof top 
vents. Ventilation can also be designed for sloped roofs with cathedral ceilings as well as flat roofs.  
 
For vented roof assemblies, of houses in particular, the drying of construction moisture is often less of a 
concern. It is typically expected that the wood can at least dry from the underside of the sheathing through 
ventilation during construction or in service. For unvented roof assemblies, such as conventional 
assemblies and protected assemblies (both typically with rigid insulation, such as polyisocyanurate, 
installed above the flat roof decks), concerns may arise when the roof decks get wet during construction. 
The subsequent drying process can be slow, particularly for thick panels in a wet climate. The drying may 
continue to remain slow even when space heating is provided in the living space below, as it is commonly 
believed that the dominant moisture movement would be towards the exterior due to the temperature 
gradients, which would then be blocked by the vapour-impermeable roof membranes placed above the 
roof decks. 
 
The need for assessing the drying performance of wood roofs has become more critical in recent years as 
buildings get taller and larger and take longer to build. Another important reason is the overall reduced 
drying capacity of building envelope assemblies (Wang 2011), resulting from increase in insulation 
levels, due to the more stringent energy efficiency requirements in building codes or energy- and 
sustainability-related programs. Moreover, insulation materials with low vapour permeance, such as 
polyisocyanurate, extruded polystyrene (XPS), and closed-cell polyurethane spray foam (medium-density 
foam, 1.5-2 lb/ft3 (24-32 kg/m3)), in increasing thicknesses, have been more and more commonly used in 
roofs. It is also not uncommon to see assemblies with several layers with low vapour permeance, for 
example, roof decks covered with roof membranes with low vapour permeance on the top and closed-cell 
spray foam underneath. Assessing drying performance is expected to help improve and refine the designs 
of roof assemblies. This is particularly important for the new-generation of structural composite lumber 
and panel products, such as CLT, LVL, parallel strand lumber (PSL), and laminated strand lumber (LSL). 
They are often used as large structural components or entire roof decks in large and thick panels 
compared with the traditional thinner roof sheathing. 
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Regarding vapour permeance (i.e., reciprocal of vapour resistance), materials with permeance not greater 
than 60 ng/(Pa•s•m2) (about 1 US perm)), measured in accordance with ASTM E 96 (ASTM E 96, 2013) 
using the dry cup method, are considered to be vapour barriers based on the Canadian building code 
(NRC, 2005). In the United States (U.S.), it is generally accepted that materials with vapour permeance 
below 0.1 U.S. perm (about 6 ng/(Pa•s•m2) are considered to be vapour impermeable (or Class I vapour 
retarder), materials with vapour permeance ranging from 0.1 to 1 U.S. perm (about 60 ng/(Pa•s•m2) are 
considered to be vapour semi-impermeable (or Class II vapour retarder), materials with vapour permeance 
ranging from 1 to 10 U.S. perm (about 600 ng/(Pa•s•m2) are considered to be vapour semi-permeable (or 
Class III vapour retarder), and those with vapour permeance above 10 U.S. perm are considered to be 
vapour permeable (Lstiburek 2004). Vapour impermeable materials typically include polyethylene films 
and bitumen membranes, such as the impermeable membrane used in this study. Wood panels, such as 
OSB, plywood, and thin CLTs, typically fall into the category of semi-permeable; their vapour permeance 
decreases with increase in thickness; however, the permeance of most wood materials increases with 
increase in humidity levels (Kumaran et al. 2002; Alsayegh et al. 2013). The vapour permeance of CLT 
panels made with Canadian softwood species, about 90 mm in thickness, has been reported to range from 
3 to 160 ng/s·m2·Pa (0.05-2.7 U.S. Perms) with relative humidity (RH) ranging from 5% to 95% 
(Alsayegh et al. 2013). Although it can be a vapour semi-permeable material under a very high RH 
condition, the panel remains a vapour semi- or impermeable material and can serve as a vapour barrier, 
under typical ambient conditions relevant to building envelopes (FPInnovations 2011; FPInnovations and 
Binational Softwood Lumber Council 2013; Alsayegh et al. 2013).  
 
It has become well known since the “leaky condo crisis” from 1985 to 1999 in Vancouver that building 
envelopes should manage rain penetration by incorporating four features including rain Deflection, 
Drainage, Drying and Durability (the 4 Ds, Hazleden and Morris 1999). Regarding the drying aspect of 
the 4 Ds, a few experiments have been conducted in the past decade in Canada to assess wood-based wall 
assemblies (Hazleden and Morris 2001; Straube et al. 2007; Derome et al. 2007; Finch et al. 2007; 
Thivierge et al. 2008), as well as a few hygrothermal modeling studies (Ge and Ye 2007; Straube 2007). 
A similar amount of work has been done on drying of residential flat roof systems, such as the large-scale 
testing of flat roofs insulated with densely packed cellulose (Derome and Fazio 2000; Derome et al. 
2003). The Oak Ridge National Laboratory under the Department of Energy of the United States tested 
downward drying performance of a range of low-slope roof systems, all covered with an impermeable 
roofing membrane and typically associated with applications in hot climates (Pedersen et al. 1992). That 
work focused on assessing the effects of a vapour retarder installed above the interior drywall, including 
products, such as a solid sheet of polyethylene, polyethylene with punched holes, a type of vapour 
retarder permeable to liquid water, or without vapour retarder, under conditions of added moisture loads 
in the assemblies. It was reported that the higher the vapour permeance of the vapour retarder, the more 
downward drying occurred; roofs without a vapour retarder dried out the most rapidly. Also related to the 
work in this report, field testing of assemblies with higher levels of insulation, such as exterior insulation 
(Smegal et al. 2013; Fox 2014), and assemblies built with newer wood products, such as CLT 
(McClung et al. 2013), has been carried out in recent years to improve building envelope design. The 
importance of designing good drying performance for building envelopes is emphasized in building 
envelope-related design guides (HPO 2011; Finch et al. 2013). 
 
This project was initiated in late 2012 to assist in designing panelized wood roofs and other wood roof 
assemblies, as part of the work to support the British Columbia (BC) Advisory Group on Advanced Wood 
Design Solutions, mostly based on suggestions from Mark Lawton of Morrison Hershfield, and Dave 
Ricketts and Graham Finch of RDH Building Engineering. The test primarily aimed to compare the 
drying rates of different roof assemblies with built-in moisture under worst-case scenarios in the coastal 
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climate of BC. Limited drying forces, except natural moisture diffusion and evaporation, were created, 
except for one roof assembly placed under controlled temperature gradients. 
 
 

3 Staff 
Jieying Wang Senior Scientist, Durability and Sustainability, Project Leader 
Dave Minchin Principal Technologist, Durability and Sustainability 
Paul Morris Research Leader, Durability and Sustainability 
Isaac Chiu Technologist, Structural Performance 
Daniel Wong Technologist, Durability and Sustainability 
Alan Matsalla Carpenter 
 
 

4 Materials and Methods 
A range of roof assemblies were built using plywood, OSB, CLT, or LVL as the roof deck. Most of them 
had dimensions of 1 ft. × 1 ft. (300 mm × 300 mm), referred to as “small-scale roof assemblies”, and 
several had dimensions of 3 ft. × 4 ft. (900 mm × 1200 mm), referred to as “larger-scale roof assemblies” 
in this report. Each deck specimen was wetted under controlled laboratory conditions. A type of self-
adhered impermeable membrane, or standard 15-pound roofing felt plus asphalt shingles, was used to 
cover the wetted top surface. Spray foam insulation was applied on the bottom surface in several roof 
assemblies. Figure 1 shows a typical test roof assembly. The subsequent drying was carried out under one 
of the three ambient conditions used in this test, beginning in February or March 2013. The drying rates 
of each wood deck were monitored by weighing the roof assemblies periodically, followed by calculating 
the changes in the average moisture content (MC) of each wood deck. In total, 111 assemblies were used 
to compare the drying rates between different wood panels and between different roof assemblies. Tables 
1 and 2 provide details of the assemblies tested. 
 

 

Figure 1 Components of a typical test roof assembly 
 

Wood deck (built with plywood, 
OSB, CLT, or LVL). Spray foam 
was installed underneath the wood 
deck in several assemblies. 

2×4 SPF lumber (used for 
small-scale assemblies as 
support  

Membrane (self-adhered 
impermeable membrane in most 
assemblies, and roofing felt + 
asphalt shingles in a few 
assemblies) 

Edge sealing 
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4.1 Roof Deck Materials 

Wood-based materials used for roof decks included plywood and OSB, both ¾ in. (19 mm) thick as 
typically used in larger buildings; CLT made with 3-ply lumber and about 100 mm in thickness; and LVL 
made with 13-ply veneer and about 40 mm in thickness. The plywood (Canadian Softwood Plywood, 
typically made with “SPF” (Spruce-Pine-Fir)) and the aspen OSB sheets were purchased from a local 
building supply store. The CLT and LVL panels were selected from the existing materials in the 
laboratory. The CLT panels were commercially made using “SPF” lumber each with about 33 mm in 
thickness (i.e., planed from nominal 2×6 in. lumber) and polyurethane adhesive. The LVL was made of 
hemlock veneer in the FPInnovations Laboratory using phenol-formaldehyde, based on a process used for 
commercial manufacture. It was understood from the beginning that these four materials had different 
applications and markets and may not be comparable in terms of wetting and drying behaviour, although 
they are all used in roofs.  
 
Small (1 ft. × 1 ft., 300 mm × 300 mm) or larger (3 ft. × 4 ft., 900 mm × 1200 mm) specimens were 
randomly cut from panels, with replication of three for each test condition; only the 2-layer plywood 
specimens (1 ft. × 1 ft., 300 mm × 300 mm) had two replicates (Table 1). The four edges of each 
specimen were sealed by applying two-part epoxy before the wetting process, to minimize edge effects 
and to simulate the wetting and drying behaviour of larger panels. 
 
Meanwhile, six specimens for each of the four categories, i.e., plywood, OSB, CLT, and LVL, were cut 
from the same large sheets and used to assess the average MC for that type of material before laboratory 
wetting, as described below, based on an oven-dry method (see Section 5.1 - Figure 12 for results). The 
information was then used to estimate the changes in the average MC for that type of material during the 
subsequent wetting and drying processes. This way of estimating wood MC was verified by an oven-dry 
method when the drying test was terminated in October 2013. Small specimens were cut from several 
plywood and OSB specimens when the roof assemblies were opened and then subjected to oven-drying to 
assess the MC. It was found that these two methods had very similar results for the plywood and OSB 
specimens tested. When several assemblies were opened in October, 2013, a capacitance-based meter 
(Wagner Digital Recording Moisture Meter, Model L 610) was used to roughly measure the surface MC. 
Resistance-based moisture pins were not installed due to budget constraints as well as the complexities or 
inaccuracy anticipated to measure MC of composite wood products or solid wood with MC above 30% 
(FPInnovations 2014). 
 

4.2 Wetting 

Each roof deck specimen, with edges sealed, was wetted using a controlled spray of water to simulate a 
severe wetting scenario caused by rain at a construction site. The specimens were placed on shelves under 
the spray nozzles in the prototype accelerated field simulator of the FPInnovations Vancouver laboratory. 
The environmental RH was controlled at 90% with a temperature of 20°C. The top surface of each panel 
was sprayed hourly for 15-20 days (with small variations between different batches of wetting), with each 
spray lasting 5 seconds (Figure 2). The amount of water sprayed on the specimens was to be assessed in 
the next phase. The wood surface was kept wet during the spray process to simulate prolonged continuous 
rain events. Each deck specimen was then built into a roof assembly after this wetting procedure. The 
weights of each deck specimen before wetting and before enclosure were measured for calculating the 
initial MC for the drying process (Figure 8). Given the time needed to build the roof assemblies after each 
batch of wetting, for the assemblies with spray foam underneath the deck specimen in particular, the 
wood specimens were wrapped temporarily using plastic bags to prevent drying before built into the 
assemblies. Small amounts of drying, however, must have occurred during this transition period and 
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thereby have caused some level of variation in the initial MCs before the subsequent drying. Table 1 
summarizes the deck specimens wetted and built into different roof assemblies in this study. 
 
Table 1 Roof deck materials wetted and built into roof assemblies 

Material Thickness 
(mm) 

Panel dimensions  
(mm × mm) 

Layer Total number 

Plywood 19 300 × 300 1 39 
Plywood 19 300 × 300 2 6 
Plywood 19 900 × 1200 1 9 
OSB 19 300 × 300 1 21 
CLT 100 300 × 300 1 18 
LVL 40 300 × 300 1 18 

In total 111 
 
In addition, 12 reference specimens, including plywood, OSB, CLT, and LVL, all in 1 ft. by 1 ft. 
(300 mm × 300 mm), one layer, with edges sealed with epoxy, and three replicates for each category, 
with no membrane or other layers applied on top, were set up horizontally outside in the FPInnovations 
laboratory back yard on January 16, 2013 (Figure 3). They were weighed periodically to assess the MC 
changes under natural exposure conditions. 
 

 

Figure 2 Panels being wetted under controlled spray in the laboratory 
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Figure 3 Reference panels under natural exposure outside the laboratory   
 

4.3 Roof Assemblies 

The small roof assemblies, built with wood panels measuring 1 ft. by 1 ft. (300 mm× 300 mm), were 
primarily used to assess and compare drying rates between different deck materials including plywood, 2-
layer plywood, OSB, CLT, and LVL, with and without closed-cell spray foam underneath the roof deck, 
and between three drying conditions (as described below). Most of the deck specimens were covered with 
a self-adhered bitumen membrane with reported vapour permeance below 0.2 ng/(Pa•s•m2), representing 
impermeable roofing membranes commonly used in low-slope roofs, on the wetted surface. A primer was 
used to enhance the adhesion of the membrane to wet wood surface based on the manufacturer 
recommendations. A few decks were covered with a combination of 15-pound roofing felt and asphalt 
shingles for reference, representing relatively vapour permeable roofing systems. It was reported 
(Lstiburek et al. 2011) that the 15-pound roofing felt tested had vapour permeance around 50 
ng/(Pa•s•m2); but asphalt shingles had permeance around 5 ng/(Pa•s•m2) and the combination of felt, 
shingles and OSB had permeance around 2 ng/(Pa•s•m2), the combination thus falling into the vapour 
impermeable category (Lstiburek 2004). A construction tape was applied around the periphery of the 
membrane or decks to seal all edges to best simulate larger panels. The test set-up was primarily to 
simulate covering wetted roof decks on construction sites without drying of the wood decks in advance. 
 
Regarding the use of thermal insulation, it was decided to focus on the assemblies built with closed-cell 
spray foam due to its known low vapour permeance. The medium-density Icynene product provided by 
Four Seasons Insulation had a vapour permeance of about 80 ng/(Pa•s•m2), or 1.3 U.S. Perms, for a 
thickness of 3 in. (http://www.icynene.com/sites/default/files/downloads/ICYNENE-MD-R-200-
Specification-Sheets-US_0.pdf). This is generally considered to be a vapour semi-impermeable material 
as explained above (Lstiburek 2004). It was initially planned to include a few assemblies insulated with 
½-lb (open-cell) spray foam for comparison, however, it was found later that those assemblies were not 
covered with any membrane on the top (i.e., the wetted surface) due to an error in the test. Those 
specimens were therefore used to demonstrate the best drying performance a roof assembly could have 
under the drying conditions of this test. The open-cell spray foam product used on the dry surface of each 
of those assemblies had vapour permeance about 400 ng/(Pa•s•m2), or 6.7 U.S. Perms, at a thickness of 3 
in. (http://www.icynene.com/sites/default/files/downloads/ICYNENE-LD-C-50-Specification-Sheets-
CDN_0.pdf). This can be classified as vapour semi-permeable material. A plywood box was built to 
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contain the foam when the foam was sprayed directly onto the wetted wood (Figure 4). The foam was 
trimmed to achieve the target thickness of 3 in. (76 mm). 
 

 

Figure 4 Spray of open-cell foam 
 
In addition to these small roof assemblies described above, nine larger assemblies, built with 3 ft. × 4 ft. 
(900 mm × 1200 mm) plywood, were assembled to assess the effects of larger specimen sizes and 
temperature gradients. Among these nine assemblies, three were covered with the self-adhered 
impermeable membrane and three were covered with a combination of 15-pound roofing felt and asphalt 
shingles. The remaining three plywood panels were covered with the self-adhered impermeable 
membrane and installed as the rooftop of a plywood box (as described in the following section, Drying 
Conditions). None had any foam insulation underneath the plywood panel. These nine assemblies were all 
placed in a covered storage, i.e., the shed, described in Section 4.4. 
 

4.4 Drying Conditions 

Table 2 lists the roof assemblies tested for drying performance in this project. The roof assemblies, 
separated in three groups, were kept in the shed located in the back yard of the laboratory, the laboratory, 
and a conditioning chamber, respectively, to assess the drying performance under three ambient 
conditions. The shed was covered but open to outside on one side, and it was not heated nor had any 
mechanical ventilation. There was no exposure to sunshine or rain during the test. This was used to 
simulate the drying condition for a newly built roof in the Vancouver climate, when the roof deck was 
severely wetted during construction and then covered with membranes, before any space heating could be 
applied.  
 
In addition to the roof specimens kept on the shelves in the shed (Figures 5 and 6), three plywood boxes, 
measuring 3 ft. (900 mm) × 4 ft. (1200 mm) × 4 ft. (1200 mm, height), were built. Three plywood roof 
assemblies, all covered with the same type of self-adhered impermeable membrane, were placed on the 
boxes to simulate roofs (Figure 7). A small heater was placed in each box to maintain a temperature 
around 20ºC, thereby creating temperature differentials across the roof assemblies. This was used to 
assess the effects of a purposely created drying force, in a direction opposite to the dominant natural 
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moisture diffusion direction; it was assumed that the impermeable roofing membrane above the plywood 
would prevent the drying driven by such temperature gradients.  
 
RH/T sensors (HOBO, EL-USB-2-LCD RH/TEMP data logger) were used to measure the environmental 
conditions in this study. The device is not able to accurately measure RHs above 90%. The measured RH 
and temperature within the shed are shown in Figure 8. With the temperatures changing from about 5ºC to 
about 25ºC, the RH fluctuated mostly from 60% to 90% throughout the drying period. The data of RH 
and temperature in the heated boxes were collected from the bottom of the three boxes in turn by using 
only one RH/T sensor, as shown in Figure 9 (Data was missing for four periods). It was found that at 
higher temperatures in the boxes from March to May, the RH was greatly reduced to around 40-50%. 
This was the initial and the most important drying period in this test, compared with the environmental 
conditions outside the boxes, i.e., the shed. Wood MC would be anticipated to be primarily determined by 
the RH of the environment when the temperature fluctuates within a small range under ambient 
conditions (FPL 2010). 
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Table 2 Roof assemblies tested for drying performance 

Roof  
deck 

Layer 
Size 
(ft.) 

Roofing 
membrane 

Spray 
foam 

Drying 
location 

Note 

Plywood 1 1x1 Impermeable No Shed  

  Impermeable No Lab  

  Impermeable No Conditioning chamber  

Plywood 1 1x1 Impermeable Closed-cell Shed  

  Impermeable Closed-cell Lab  

  Impermeable Closed-cell Conditioning chamber  

OSB 1 1x1 Impermeable No Shed  

  Impermeable No Lab  

  Impermeable No Conditioning chamber  

OSB 1 1x1 Impermeable Closed-cell Shed  

  Impermeable Closed-cell Lab  

  Impermeable Closed-cell Conditioning chamber  

CLT 1 1x1 Impermeable No Shed  

  Impermeable No Lab  

  Impermeable No Conditioning chamber  

CLT 1 1x1 Impermeable Closed-cell shed  

  Impermeable Closed-cell lab  

  Impermeable Closed-cell Conditioning chamber  

LVL 1 1x1 Impermeable No lab  

  Impermeable No shed  

  Impermeable No Conditioning chamber  

LVL 1 1x1 Impermeable Closed-cell Shed  

  Impermeable Closed-cell Lab  

  Impermeable Closed-cell Conditioning chamber  

Plywood 1 1x1 Felt+shingles Closed-cell Shed  

  Felt+shingles Closed-cell Lab  

  Felt+shingles Closed-cell Conditioning chamber  

Plywood 1 1x1 Felt+shingles No Shed  

  Felt+shingles No Lab  

  Felt+shingles No Conditioning chamber  

Plywood 1 3x4 Impermeable No Shed  

Plywood 1 3x4 Felt+shingles No Shed  

Plywood 1 3x4 Impermeable No Shed Under temperature differentials 

Plywood 1 1x1 No Open-cell Shed Membrane was missing from the wetted 
surface due to an error OSB 1 1x1 No Open-cell Shed 

Plywood 2 1x1 Impermeable No Shed 
Sometimes 2 layers of plywood is required 

for roofs due to structural reasons. Plywood 2 1x1 Impermeable No Lab 

Plywood 2 1x1 Impermeable No Conditioning chamber 
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Figure 5 Drying of small roof assemblies (covered with a self-adhered impermeable membrane or 
felt and asphalt shingles) on the shelves in the shed 
 
 

 

Figure 6 Drying of larger roof assemblies (covered with a self-adhered impermeable membrane or 
felt and asphalt shingles) on the shelves in the shed 
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5 Results 
5.1 Wetting Potential 

Figure 12 shows the average MCs of the different types of materials before and after the wetting by spray 
of water in the laboratory, as well as the MCs after two months of exposure outside the laboratory for the 
four types of deck materials included in this test. The specimens exposed to the laboratory wetting 
included plywood (1 ft. × 1 ft., 3 ft. × 4 ft., and two layers of 1 ft. × 1 ft. specimens), OSB (1 ft. × 1 ft.), 
CLT (1 ft. × 1 ft.), and LVL (1 ft. × 1 ft.). The specimens exposed naturally only included plywood, OSB, 
CLT, and LVL (all one layer; 1 ft. × 1 ft.). All of the composite materials including plywood, OSB, and 
LVL, started with an initial MC of about 6%, and the CLT specimens started with an initial MC of about 
12%. After the wetting in the laboratory for about two weeks, the 1 ft. × 1 ft. plywood specimens, one 
layer or two layers, achieved the highest average MC among the four types of materials tested, around 
70%; this was followed by the 1 ft. × 1 ft. OSB, with an average MC about 60%; and followed by the 
3 ft. × 4 ft. plywood, with a MC about 54%. By comparison, the LVL specimens achieved an average MC 
about 32%, and the CLT specimens an average MC about 25%.  
 
Different wood-based materials may have very different water absorption properties. The amount of 
moisture absorbed and kept during the natural exposure period for a given material (Figure 13), are 
associated with the frequency of precipitation (i.e., the rainy days, Figure 14), the amount of precipitation, 
humidity levels, and other weather conditions. The period of wetting is usually believed to be more 
important than the total amount of water falling on wood surface to increase the MC and potentially cause 
decay (Scheffer 1971). It was found that the maximum average MCs of these four types of materials, i.e.,  
1 ft. × 1 ft. plywood, OSB, CLT, and LVL, were achieved after about two months of natural exposure 
from January to March based on the measurements conducted (Figure 13). There were about 36 days with 
precipitation above 0.2 mm, in a total precipitation amount of 190 mm in this period (Figure 14). It turned 
out that the MCs of the matched specimens after the spray wetting in the laboratory, were all highly 
comparable with those from the two-month natural exposure conditions (Figure 12), which validated the 
use of such a laboratory wetting procedure for the subsequent drying tests. Only average wood MC is 
discussed in this report due to limitations of the test. Related to this work, measurements at different 
depth of CLTs were conducted to assess drying performance following an initial wetting procedure during 
the field testing of CLT wall assemblies in Waterloo (McClung et al. 2014). In general that study also 
observed low water absorption and shallow water penetration into the CLT specimens made with 
Canadian softwood dimensional lumber. Relevant to the CLT specimens in this test, it was reported that 
the MC of SPF dimensional lumber collected on construction sites was around 20% during the winter in 
Vancouver (Wang et al. 2013).  
 
The MC data above shows that these different materials have very different levels of wetting potential, or 
conversely, different levels of resistance to water absorption and distribution inside the material, when 
exposed to liquid water sources (e.g., rain and melt snow on construction sites). This can be attributed to 
factors such as wood species, manufacturing methods, adhesive contents for composite materials, sizes, 
and surface treatment if present (Wang et al. 2012). In general Canadian softwood species, such as SPF 
and hemlock, have high resistance to water absorption and penetration. For composite materials, the 
micro-voids and increased exposure of wood end grains introduced during manufacturing process are the 
main reasons why most composites have higher wetting potentials than solid wood products. However, 
these same features may also facilitate drying. The different wetting potentials of materials may 
consequently dictate different levels of protection on construction sites. The rainy climate in the 
Vancouver area, in the winter season in particular, certainly imposes a high rain load for exposed exterior 
wood, and more attention should thereby be paid to on-site protection measures. 
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In general very little mould growth was observed on any of the wood panels. This could be attributed to 
very limited oxygen available to initiate and sustain any growth when the wood surface was in close 
contact with the sticky membrane or the spray foam, or due to limited availability of spore inoculum, or 
due to the low nutrient content when the wood surface was heartwood. However, mould growth was 
observed around knots in the plywood specimens covered with impermeable membrane and closed-cell 
spray foam (Figure 23), on the plywood surfaces between the two layers of plywood, which was covered 
with impermeable membrane on the wetted surface (Figure 27), and on both the plywood and the felt for 
assemblies covered with felt + shingles on the wetted surface (Figure 28). Limited oxygen should be 
available in those assemblies or spots and thereby contributed to the mould growth.  
 

 

Figure 22 Small mould spots (whitish spots) on a plywood panel during laboratory wetting process   
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Figure 23 Damp plywood and mould growth (whitish spots) in knots under impermeable membrane, 
with closed-cell foam covering the bottom surface of plywood  
 

 

Figure 24 Damp plywood under closed-cell spray foam, with the top surface of plywood covered with 
impermeable membrane 
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Figure 25 Damp OSB under impermeable membrane, with closed-cell spray foam covering the 
bottom surface of OSB 
 

 

Figure 26 CLT under closed-cell spray foam with impermeable membrane covering the top surface 
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Figure 27 Mould growth on plywood between two layers of plywood, covered with impermeable 
membrane on the wetted surface  
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Figure 28 Minor amounts of mould growth on plywood as well as on felt for assemblies covered with 
felt + shingles on the wetted top surface 
 
 

6 Conclusions 
The major conclusions include:  

 The MCs of plywood, OSB, CLT, and LVL specimens, after hourly spray in the laboratory for 15 
to 20 days, were highly comparable with those of the reference specimens after about two months 
of natural exposure from January to March. This validated the use of such laboratory wetting to 
simulate severe wetting on construction sites.  

 The four types of roof deck materials tested in this study showed very different water absorption 
and wetting potentials. The CLT specimens, as a solid wood product tested in this study, showed 
the lowest wetting potential, closely followed by LVL. The plywood and the OSB specimens had 
the highest MCs after wetting under both conditions. 

 In general the higher the material’s wetting potential, such as that of plywood or OSB, the faster 
it would dry under conditions allowing drying.  

 The CLT and LVL assemblies, covered with impermeable membrane on the wetted surfaces, 
showed little drying during the test periods. The use of two layers of plywood as roof panels also 
showed much slower drying compared with the one layer assemblies, when covered with an 
impermeable membrane on the wetted surfaces. 

 The combination of 15-pound roofing felt and asphalt shingles had only slightly higher vapour 
peremance, as indicated by the slightly better drying performance of roof assemblies, compared 
with the impermeable membrane used in this test.  
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 All of the roof deck materials had very poor drying performance when enclosed in materials with 
low vapour permeance, such as impermeable membranes and closed-cell spray foam.  

 Among the three main drying conditions used in this study, the plywood and OSB assemblies in 
the shed showed the slowest drying, and those in the lab showed the fastest drying, with the 
conditioning chamber providing an intermediate drying condition. Such differences appeared to 
correlate well with the vapour pressure differences between the saturated pressures and the partial 
pressures of the environments. The shed was used to simulate covered on-site conditions. 

 Drying would take a long time, typically weeks and even months for relatively permeable 
assemblies, once wood panels get severely wet. The data in this study confirms the importance of 
keeping wood dry in the first place, and drying wood before enclosure as the second strategy, in 
order to minimize moisture-related risks. 

 
 

7 Recommendations 
Guidelines should be reviewed and further developed to recommend best practices for on-site wood 
protection and moisture management in wet climates, for the use of innovative wood products in larger 
construction projects in particular.  
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