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Abstract   
 
A research program conducted at Forintek Canada Corp.’s western lab in Vancouver, Canada, the 
Envelope Drying Rates Analysis Experiment (EDRA) Group A, has evaluated the relative drying rates of 
typical wood-frame wall assemblies under controlled laboratory conditions, (Forintek Canada Corp & 
HouseWorks Building Science Inc., 2001).  Five of the typical test wall panels (of Group A) have been 
re-tested (Group B) after being modified by the addition of vapour diffusion ports.  The objective of the 
test was to determine if the vapour diffusion ports would add substantially to the drying rates of the test 
wall panels.  Test conditions included Vancouver wintertime drying only.  Test panels incorporated 
polyethylene vapor retarder and sealed poly air barrier construction.  The research ranks test wall panels 
in terms of their relative drying capacities, and assesses the differences in drying performance of test wall 
panels with and without vapour diffusion ports. The Group B tests indicate that vapour diffusion ports 
have a substantial improvement effect on the drying rates of OSB sheathed panels and no substantial 
effect on the drying rates of plywood sheathed panels.     
 
Keywords: Walls, Drying, Vapour Diffusion Ports. 
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1 Objectives 
 
The overall objective of the project was to evaluate the effect of wall designs incorporating vapour 
diffusion ports, on the drying capability of wood frame test wall panels in a controlled laboratory 
environment simulating one condition (5°C (41oF) at 70% R.H.) from the winter climate of Vancouver.   
 
The following specific objectives were addressed: 
 
1. To determine how long specimen wall panels wetted to > 25% moisture content (MC) under test 

conditions and without re-wetting take to dry out with vapour diffusion ports, and compare these 
results to their previous performance without the ports. 

2. To determine which test wall panels dry faster than others, and what the variations between the test 
panels’ drying rates are and to compare these results to the same panels’ performances without 
vapour diffusion ports  (Group A-2 test results). 

3. To compare the calculated permeance to the effective permeance and determine if there is a 
substantial change in effective permeance with vapour diffusion ports . 

 

2 Introduction 
 
The Envelope Drying Rates Analysis (EDRA) experiment was set up as part of the program of the 
Building Envelope Research Consortium (BERC), an industry/government consortium formed by Canada 
Mortgage and Housing Corporation to solve the leaky condominium problem in British Columbia.  In 
1998 the BERC produced a Best Practice Guide for Wood Frame Envelopes in the Coastal Climate of 
British Columbia (RDH Engineering Ltd. & Morrison Hershfield Engineering Ltd. 1999).  The central 
design thesis of this guide is that walls have to manage moisture by incorporating four features, 
Deflection, Drainage, Drying and Durability (the 4-D's) (Hazleden, D.G. and Morris, P.I. 1999).    
Deflection, drainage and durability have been studied but relatively little attention has been paid to the 
effect of wall design on drying rates (Trechsel, H.R., Ed. 1994). Building envelopes have to be 
constructed to deflect and drain the bulk (i.e. 95% to 99%) of the moisture incident on them.  In 
Vancouver this could be over 400 kg/m2  (82 lb/ft2) of wall area per year (Salonvaara, M.H. & Karagiozis 
A.N. 1998).  Adoption of the Best Practices Guide by the building industry is expected to result in a near 
total elimination of moisture ingress into walls.  However, small defects or the deterioration of a 
building's deflection and drainage system can still cause moisture to accumulate if drying does not occur.  
We need to know to what extent drying can contribute to our overall moisture management plan for wall 
designs. We acknowledge there is no possibility that walls can be made to dry at a rate which would equal 
or exceed the ingress of moisture in a leaky wall typical of recent problems in the BC coastal climate. The 
test panels (of wood-frame wall assemblies), in this study were not intended to be indicative of walls 
which could manage large amounts of water ingress by drying alone, they represent a selection of wall 
designs in current use.   The study was not designed to justify the selection or rejection of various wall 
assemblies. 
 
Typically we predict the drying rate of walls in terms of their calculated permeance. However, this does 
not take into account that the effective permeance of a wall may be several times greater than the 
calculated permeance.  This is a result of accelerated transfer of moisture through the wall assembly, by 
mass flow of air through a vented cavity and can result in walls which have an effective permeance 
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substantially greater than their calculated permeance.  Since the completion of tests on 12 walls in the 
EDRA Group A test program, efforts have been made to look at ways to improve the effective permeance 
of walls .  One such effort currently being applied in the field was the removal of 1 or 2 - 75 mm diameter 
portions of sheathing at the top and bottom of stud spaces. (Figure 13 Nigel Baldwin Architects and Pro 
Pacific Architecture, Intergulf Developments, 1999 project at 11th and Vine St., Vancouver, BC).  These 
holes allowed vapour in the stud space to contact the sheathing protection membrane directly, without the 
intervening layer of the sheathing.  Architect Brian Palmquist of Pro Pacific Architecture, the Building 
Envelope Professional of record for the project, has coined the term “Vapour Diffusion Ports” for these 
holes. 
 
Given the scope and cost of the EDRA experiment, it was not possible to have a large number of 
replicates.  Recognizing the problems experienced by previous studies, the experiment was designed to 
yield valid results with no replicates.  It was important therefore, that the test include the least number of 
variables between test panels and test conditions as possible.  Part of the approach was to subject all the 
wall panels to the same drying forces.  This would enable us to quantify the differences in the drying rates 
between the panels based on their designs, without having to factor out differing drying conditions, 
seasonal variations, solar orientations, wind effects, etc.  Significant additional effort was invested to 
mitigate the natural variability of wetting and drying of wood used in the panels. The test sought to 
handicap the panels equally such that the differences in their drying rates could only be attributed to their 
designs.  Also, in this series of tests, all wall panels dried to the exterior only.  In this test five panels from 
the Group A tests were modified with the addition of vapour diffusion ports. One additional panel was 
tested as it was in the Group A test without modifications. 
 
The test method consisted of the fabrication of test panels, which were then wetted and inserted into 
openings of an indoor test chamber for up to 3 months to measure their drying.  The mechanisms for 
drying were: vapour diffusion, driven by the vapour pressure differential between the lab, the panels' 
interior and the interior of the chamber;  the adsorption and desorption effect off the surface of the panels 
into the chamber; and the air flows through the cavities of the vented panels into the chamber.  Drying by 
mass flow of air through the panels, from the lab into the chamber (or the chamber into the lab) was not 
part of this experiment. Mass flow by air movement through the panels was effectively eliminated from 
the experiment. 
 

3 Staff 
 
Forintek Canada Corporation: 
Paul Morris Group Leader, Durability and Protection Group 
Dave Minchin Wood Protection Technologist 
Shane McFarling Wood Preservation Process Technologist 
Paul Symons Wood Engineering Technologist 
Tony Thomas Instrumentation Technologist 
Kevin Groves Research Physicist 
Roy Abbott Wood Engineering Technologist 
Len Stroh Wood Engineering Technologist 
Al Matsalla Carpenter 
Keith Hick Building Superintendent 
 



Evaluation of Vapour Diffusion Ports  on Drying of Wood-frame Walls Under Controlled Conditions 
 
 
 
 

 
 

3 
 

HouseWorks Building Science Inc.: 
Don Hazleden Project Manager, Building Scientist 
 

4 Materials And Methods 

4.1 The Facility 
 
A twelve-panel chamber with exterior dimensions of 2.6m (8'-8") wide by 5.1m (16'-8") high by 15m  
(50') long was constructed inside the Forintek Wood Engineering Laboratory (see Figures 3 to 6 and 
Figure 11).  The Chamber contained a multi-component mechanical system for regulating internal 
conditions. The set-up allowed for the independent control of airflow, temperature and relative humidity 
within the chamber.  The building heating ventilating and air conditioning (HVAC) system controlled the 
environmental conditions within the lab in which the chamber was located.   
 
The size of the space available in the laboratory as well as the access by overhead crane for panel 
insertion/removal dictated that the chamber be double-sided with 6 panels on each side.  One 
consideration was the reduction of edge effects caused by the floor and ceiling of the chamber.  The 
chamber design accommodated a transom and base of 1200 mm (4'-0') above and below the panels.  The 
interior of the chamber was 2440 mm (8'-0") wide. The overall width was governed by the allowable 
space in the lab and the desire to keep the volume of air to be conditioned at the minimum.  The centre 
600 mm (2'-0") of the chamber was taken up by a steel frame holding the HVAC ducting and the heat 
lamps for the solar simulation (see Figure 12).   
 

4.2 Chamber Conditions  
 
The interior of the chamber was conditioned to 5o C (41oF) and 70% RH with a temperature variance of 
not more than ±1.5oC  (2.7oF) and with an RH variance of not more than ±5%.  The exterior of the 
chamber (the lab space) was conditioned to 20oC (68oF) and had an average RH of 40 %. The chamber 
HVAC directed a continuous air-flow of 1 m/sec (3 ft/sec) at the lower half of the exterior cladding side 
of the panels.   This produced a pressure differential between the top and bottom of the panel of 1 to 5 Pa 
(0.004 to 0.02 in.sp.). The panels were evenly subjected to light sources providing an 8-hour solar cycle. 
Lights were switched on at 8:00 am and ramped up in power from 0 to 120 watts/m2 maximum at 11:00 
am and staying at 120 watts for 2 hours. From 1:00 p.m. to 4:00 p.m. they were dimmed down gradually, 
returning to 0 watts/m2.  The panels were in darkness for 16 hours.  The goal of the solar cycle was to 
achieve a combined ambient and solar temperature of up to 15oC  (59oF) at the surface of the panel.  
 

4.3 Test Panels 
 
The panel configurations are described in Table 1.  Each test wall panel was 1220mm by 2440mm (4 ft x 
8 ft) in size constructed as per Figures 1, 5 and 6. The centre stud space would provide data from a 
representative wall section, which was effectively buffered by the side stud spaces. The material for the 
base panel frame was nominal 38mm x 89mm (2”x 4”) J grade lodgepole pine, with either 11.5 mm 
(15/32”) oriented strand board (OSB) sheathing or 12.5 mm (1/2”) Canadian Softwood Plywood (CSP) 
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sheathing applied horizontally, with an 3 mm (1/8”) gap at mid panel.  The sheathing of panels 3,4,5,6 
and 11 were modified with the installation of  2 – 75mm vapour diffusion ports (VDP’s) at the top and 
bottom of each stud space (Figure 14).  Panel 12 was tested as originally constructed (without VDP’s).  
All panels were insulated in the stud space with RSI 2.45 (R14) glass fiber friction fit insulation.  All 
panels were edge sealed with vapour impermeable roofing membrane. 
 
The interior finish was 12.5 mm (1/2") (CSP) plywood as a substitute for conventional gypsum board.   
Plywood was chosen as an interior finish to provide a more durable material than gypsum board. The 
vapour barrier was provided by 6 mil polyethylene film.  Since 6 mil polyethylene is a Type 1 vapour 
barrier (permeance less than 60 ng/Pa⋅sec⋅m2 (1 perm)), the interior environment (lab space) would not 
add to or remove moisture from the wall panel assembly.  The interior plywood faces were painted to 
minimize weight changes during the experiment as hourly RH conditions in the lab fluctuated.  The 
panels incorporated a breather type sheathing membrane and used either 2 layers 30 minute asphalt 
impregnated building paper or 1 layer spun bonded polyolefin.  The cavity between the sheathing 
membrane and the back side of the cladding was created by using 19mm x 38mm (3/4"x 1 1/2") CCA 
treated plywood furring @ 400 mm (16") o.c., or 10 mm x 38 mm (3/8"x 1 1/2") CCA treated plywood 
furring @ 400 mm (16") o.c.  The furring was applied vertically, directly opposite the studs.   
 
All the OSB for the test was drawn from the same bundle of 50 sheets sourced from a single mill in  the 
interior of British Columbia.   All the sheathing plywood for the test was drawn from one bundle, sourced 
from a single mill on the coast of British Columbia. 
 
The vent area was created by a standard stucco J mold and a base flashing of pre-painted 28 gauge steel.  
The base flashing rests on a piece of Laminated Veneer Lumber (LVL).  The LVL was totally encased in 
epoxy resin to prevent any water uptake or loss from this portion of the wall panel assembly.  
 
Prior to wetting, the panels were fully clad and instrumented, but left uninsulated and with no interior 
finish.  This allowed the panels to be placed studs (inside face) down, in shallow tanks of water to evenly 
wet the lumber.  
 

4.4 Lumber Selection Criteria 
 
Lumber variability has been a problem with previous experiments.   If a test panel were constructed of 
randomly selected lumber, it is possible that all the lumber in one panel could be fast drying sapwood and 
all the lumber in another panel could be slow drying heartwood.  To offset this, a procedure for selecting 
the lumber was implemented.  J grade was chosen for the test wall framing, because it is the grade with 
the narrowest range of wood variability.  One bundle of lodgepole pine was purchased from a B.C. 
interior mill.  
 
Ninety-six studs were required for the construction of the 12 test panels and 4 sacrificial panels.  The 
selection process started with 251 pieces, these were visually sorted to 195 pieces by eliminating pieces 
with minor defects.  The 195 pieces were weighed then wetted in a pressure retort. A record of weight 
gains was taken for 195 pieces.  They were then kiln dried. A record of weight losses was taken for the 
195 pieces. From this the 195 were sorted as to maximum wetting and maximum drying.  To construct the 
panels we then chose 100 pieces straddling the median.  The 100 pieces were separated into 4 classes or 
groups (see chart Figure 1): 
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Group A - maximum wetting (63% s.d. 5) / maximum drying (30% s.d. 4) 
Group B - maximum wetting (59% s.d. 7) / minimum drying (19% s.d. 5)       
Group C - minimum wetting (45% s.d. 5) / maximum drying (20% s.d. 2)  
Group D - minimum wetting (40% s.d. 5) / minimum drying (12% s.d. 3)        

    
( % figures indicate average weight gain in wetting and average weight loss in drying;  
s.d. = standard deviation) 

 
Panels were constructed using a piece from Groups A, B, C, and D for each of the four studs and plates as 
described in Figure 1: 
 
By this procedure we are able to ensure that the variations in wood wetting and drying capability are 
equally distributed among the panels.  Additionally we instrumented the same class of wood in each 
panel.   Therefore, we believe that data gathered is more comparable from panel to panel because 
variations in wood characteristics have been reduced as much as possible. 
 

4.5 Panel Cladding 
 
In the original test (Group A) there were 12 panels.  For this test (GroupB) 5 panels with 19mm cavities 
and one with a 10mm cavity were chosen.  The panel numbers from the Group A test have been retained 
with the designation B given to the 5 panels modified with the vapour diffusion ports. They are described 
in Table 1. In summary, four panels had OSB sheathing and two had plywood.  Four panels had building 
paper and two had spun bonded polyolefin (SBPO). All 5 panels with VDP’s had a 19 mm (3/4") cavity. 
Three panels had cavity venting at the bottom only and three panels had cavity venting at top and bottom. 
The vent areas at top and bottom were each 0.8% of the panel area, and consisted of a 19 mm (3/4") high 
continuous horizontal slot.  All panels had stucco cladding. Stucco cladding was applied according to the 
standard 21 mm (7/8") thick sand cement lime, three coat application procedure as found in the National 
Building Code of Canada. (see Figure 13).  
 

4.6 Test Procedure 
 
1. Panels were fully constructed and clad with all instrumentation in place, not including: interior 

finish plywood, polyethylene vapour barrier, insulation, RH and T sensor.  Dry panel weights were 
taken.  Fully loaded panels weighed up to 231 kg (510 lbs). 

 
2.   Panels were wetted to achieve 25-30% M.C. by weight in the studs and plates and 20 to 25% MC in 

the OSB and plywood, by immersing the panels, studs down, in a shallow tank of water. (Figure 15) 
After removal from the tank, panels were laid in a horizontal position on dunnage and were allowed 
to drain off excess water for 1 hour.  Panels were weighed suspended from a 340 kg (750 lbs) 
capacity load cell. 

 
3.   Final assembly of panels included weighing separately the plywood interior finish, poly vapour 

barrier, insulation, RH and T sensor.  Technicians installed insulation, RH & T sensor (in the centre 
of the insulation), polyethylene vapour barrier with acoustic sealant on the perimeter of the panel, 
and plywood interior finish.  The instrumentation cables were all routed through an air-tight drywall 
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electrical box.  The polyethylene vapour barrier was sealed to the framing and the plywood interior 
finish was installed.  The load cell mounted on the overhead crane was calibrated to known weights 
and tare established.  Panel weights were taken by the load cell.  

 
4.   Dummy panels were removed from the chamber bays just prior to panel insertion and the test 

panels were inserted into the fully operational chamber. (Figure 16) Instrumentation was connected 
within 1 hour of panel insertion.  Panel weights were taken by the chamber mounted load cell.   

 
5.   Panels were subjected to a cycle of solar radiation (to simulate winter sun on east elevation in 

Vancouver) and continuous wind effect (to achieve 1 to 5 Pa (0.004 to 0.02 in.sp.) pressure 
difference between the top and bottom of the panels). Panels were monitored in the chamber for 
1700 hours. 

 
6.   After 1700 hours, the instrumentation was disconnected from the Data Acquisition System (DAS) 

and panels were removed from the chamber bays. Immediately upon removal each panel was 
weighed. The plywood interior finish, insulation and polyethylene vapour barrier were then 
removed. The bare panel was weighed and the interior finish plywood, insulation and polyethylene 
were weighed.  The data from the weights are summarized in Table 3.  

 

4.7 Data Collection 
 
All panels were instrumented as per Figure 2.  Each panel was connected to the DAS for on line 
continuous measurement to: 1 load cell, up to 22 moisture content points, up to 12 temperature points and 
up to 2 relative humidity points.  Wood moisture was measured using the circuit shown in Figure 7.  
Epoxy coated steel resistance measurement pins were embedded at set depths or gold resistance 
measurement pins were installed at the surface of the framing and the sheathing. Every 15 minutes a 
voltage was applied across the circuit (Figure 7) for 2 seconds. The resultant resistance values in the wood 
were collected.  The resistance values were later converted to wood moisture content with corrections 
made for sample temperature and species.   Semi-conductor temperature sensors were fixed to the surface 
at various points.  One RH & T sensor in a sealed desiccant package tube was placed in the centre of the 
batt insulation.  Data were collected and recorded from each measurement point every 15 minutes. 
 

4.8 Calculated and Effective Permeance Calculations 
 
Effective permeance is dependent on the formula  (Hutcheon, N.B., Handegord, G.O.P. 1983):    

Me = W/ (A∗ θ (p1-p2)) 
Where: 

Me= Effective Permeance ng/Pa⋅sec⋅m2  
W= mass of moisture vapour moving through the panel in nanograms 
A= panel area in m2 
θ  = time in seconds 
p1= vapour pressure inside the stud space 
p2= vapour pressure inside the chamber 
 

The moisture loss ranged from 1270 g to 3311 g.  
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p1 varied from stud space to stud space, from hour to hour, but for a simplified calculation the average 
temperature and RH from Sensors H1 and E1 was used for this comparison.  p2 was relatively constant at 
0.61 kPa.  For convenience we are considering the effective permeance to be constant over each phase.   
Further data analysis is planned to define how effective permeance changes during the course of the 
experiment. 
 
After 1700 hours, a range of effective permeance of  332 ng/Pa⋅sec  to 1364 ng/Pa⋅sec  (5.8 perms to 23.8 
perms) was observed over the 2.98 m2 (1.22m by 2.44m) of the test panels. 
 
The calculated permeance is based on the following formula (Hutcheon, N.B., Handegord, G.O.P. 1983): 
 

Mc = 1/Rc = 1/(R1+R2+…Rn) 
Where  

R  = 1/M = R / F 
Mc= Permeance ng/Pa⋅sec⋅m2 
R= thickness of material in meters 
F= permeability  ng/ sec⋅m⋅Pa 
R  = resistance  sec⋅m2⋅ Pa/ng 
 

The calculated permeances were in the range of 267 ng/Pa⋅sec to 346 ng/Pa⋅sec and based on the material 
properties as noted: 
 
• 

• 

• 

• 

• 

• 

• 

• 

• 

Stucco 21mm at 70% RH  390 ng/Pa⋅sec⋅m2 (Kumaran, K., Lackey, Normandin 1999) 

Vent Cavity 19mm 9211 ng/Pa⋅sec⋅m2 and 10mm  17,500 ng/Pa⋅sec⋅m2 (Hutcheon, N.B., 
Handegord, G.O.P. 1983) 

Building paper one layer 30 minute at 60%RH   1080 ng/Pa⋅sec⋅m2 (Handegord G.O.P. 1996) (note 
the paper was applied with minimum 400 mm laps as per a field application andthree layers used in 
the calculation) 

SBPO (Tyvek) 1 layer at 60%RH   1500 ng/Pa⋅sec⋅m2 (Onysko, D.M., 1999 ) 

The Plywood and the OSB were monitored for MC throughout the test. To calculate the permeance 
of the sheathing we have used the average MC at the end of the test to estimate RH in the plywood 
and OSB. The high MC levels of the plywood average 36% correlate to RH of >96%.  The lower 
MC levels of the OSB average 22% correlate to RH of 90%. (Hutcheon, N.B., Handegord, G.O.P. 
1983) 

60% OSB 11.5 mm at 90% RH   372 ng/Pa⋅sec⋅m2  (Handegord G.O.P. 1996) 

Plywood 12.5 mm at 100%RH   2376 ng/Pa⋅sec⋅m2 (Handegord G.O.P. 1996) 

The calculated permeance includes the 12 – 75mm diameter vapour diffusion ports in the overall 
panel permeance. 

RSI 2.46 (R14) batt Insulation 89mm at RH   1910 ng/Pa⋅sec⋅m2 (Hutcheon, N.B., Handegord, 
G.O.P. 1983) 
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5 Results and Discussion 
 
The objectives for this study are addressed as follows, noting the following limitations: 
 
This study has been designed to gather data under specific test conditions.  It does not replicate how walls 
will perform in the field.  The results cannot be used to determine whether walls built to code in the 
period from 1985 to 1998 were inadequate in their drying capabilities. Some of the variations from field 
conditions are noted as follows: 
 
• 

• 

• 

• 

• 

• 

• 

• 

The panels in this study were not wetted to simulate the wetting of walls in the field.  The wetting 
procedure used was intended to distribute the moisture in a controlled manner, to apply the same 
moisture load to all the panels.   Panels were not re-wetted during the phases of the test. 

All the wall panels were exposed to the same environmental conditions.  These conditions were 
steady state, rather than representative of real weather data.   

The panels in this study were not subjected to the kind of random wind and air movement of walls 
in the field.  The air movements in the chamber were consistent from panel to panel. 

The panels in this study were not subjected to solar radiation as experienced in the field.  A  
consistent solar cycle was applied equally to all panels. 

The wall panels in this study, deal only with the field portion of the typical wall.  The wall panels 
did not include any envelope penetrations (windows, vents, etc) in the panel assembly. 

The panels in this study were not built with the same kind of air tightness as those in the field and 
were not subjected to pressure differentials similar to those in the field.  All panels were constructed 
as laboratory specimens with consistent sealing and tested in steady state conditions with less than 5 
Pa (0.02 in.sp.) pressure differential across them. 

The drying regime included steady state temperature and relative humidity conditions for 
wintertime in Vancouver only.  

Where data has been gathered using resistance type measurements and converted to an estimate of 
wood moisture content (MC), the normal ranges of accuracy for these measurements apply.  
Estimates of moisture content in the framing were corrected for species and temperature.  In the 
range of 15% to 25% MC they are within + 2%.  Above 25% MC, the accuracy is less.  Estimates of 
moisture content in the OSB and plywood sheathing are an indicator only. 

5.1 Results 
 
Addressing Objective 1, panels with vapour diffusion ports (VDP’s) dried faster than panels without 
VDP’s.  In the Group A tests, the area of the studs within 20mm to the sheathing was the slowest drying 
portion of the framing.  In the comparable panels in the Group A-2 test this area did not enter the final 
drying stage until after 800 hours of the test.  In the group B test this area began the final drying phase as 
early as 600 hours into the test. 
 
Addressing Objective 2, panels with OSB sheathing had substantial increases in their performance with 
the addition of VDP’s.  There was no substantial increase in the drying rate of the plywood panel with 
VDP’s. There was no substantial difference between the performance of sheathing protection membranes  
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(building paper and SBPO) in the test.  With the VDP’s panels with top and bottom vented cavities dried 
faster than comparable panels with bottom only vented cavities.  
 
Addressing Objective 3, the overall drying rates of panels can be quantified by looking at their effective 
permeance, (Table 6).  Calculations in this report were based on total moisture loss over the test period. 
The total calculated permeance of the panels ranged from 327 ng/Pa.sec to 1207 ng/Pa.sec (5.7 perms to 
21.1 perms). Panel 11, with stucco, on a 19 mm cavity, bottom vented, with building paper, on plywood 
sheathing with VDP’s had the highest total effective permeance at 1207 ng/Pa.sec.  The plywood-
sheathed Panel 11, with  vapour diffusion ports had a higher effective permeance than OSB-sheathed 
panels with vapour diffusion ports. Panel 11’s performance in the Group A-2 test was substantially the 
same as in the Group B test and indicates that VDP’s may have no substantial effect on the drying 
performance of plywood sheathed panels.  However, Panel 5 with OSB sheathing and VDP’s was almost 
equivalent to Panel 12 with plywood sheathing and no ports.  This is a substantial change over the 
permeance levels of OSB sheathed panels in the Group A Phase 2 tests and demonstrates a significant 
improvement in the OSB sheathed panels with the vapour diffusion ports.     
 

5.2 Discussion 
 
The moisture content in the studs at the time of installation averaged 34% and at the time of removal 
averaged 12%.  There were no test panels in which all locations in all components dried to below 19% 
moisture content by the end of the test. The framing dried on average to below 19%, in less than 650 
hours. The OSB and the plywood sheathing generally stayed above 19% MC to beyond the end of the 
test. In comparing data from the Group A-2 test (without VDP’s) to the Group B test (withVDP’s) the 
OSB sheathing finished the A-2 test with average moisture content in the range of 34% to 36%.  In the 
Group B test the same panels finished the test with OSB sheathing with average moisture content in the 
range of 22% to 25%.   This is a substantial improvement in the drying of the OSB sheathed panels, and 
was achieved over a 10% shorter drying time.  Examination of moisture sensor data indicates 
redistribution of moisture from the framing to the sheathing over the first 500 hours. Once the 
redistribution is complete there follows 1000 hours of very slow drying in the panel overall.  The 38 mm 
x 89 mm (2”x 4”) framing, made up of studs and double plates, can be divided into 2 zones; Zone 1, more 
than 20 mm (3/4”) from the sheathing and Zone 2, within 20 mm (3/4”) of the sheathing.   Zone 1 dried to 
below 19% within 700 hours.  Zone 2 dried slower than Zone 1.  In the Group A tests in some panels 
Zone 2 in the upper part of the stud dried to below 19% within 1000 hours.  Also in the Group A test  the 
bottom 600 mm of the stud, in Zone 2 generally stayed above 19% for over 1500 hours in Phase 1 and 
over 2000 hours in Phase 2.   In this test the vapour diffusion ports had an enhanced effect, on the drying 
of the lower part of the panels and on Zone 2 of the framing.  
 
In the Group B test for Zone 2, (the area of the framing within 20 mm of the sheathing), the redistribution 
phase was shorter and the final drying phase began earlier than in Group A-2.  At the top and middle of 
the framing most Group B panels were below 19% MC within 1000 hours, whereas in Group A-2 most 
panels did not achieve this MC level after 1500 hours. 
 
Group B panels with OSB sheathing started the test with average sheathing MC of 22% and finished the 
test with average MC of 24%.  The panels had a rise in average sheathing MC of 2% over the test. By 
comparison, in the Group A-2 test the same panels started with an average MC in the sheathing of 23% 
and finished with and average MC of 35% a rise in average MC of 12%.  All OSB-sheathed panels except 
Panel 5B had spot MC readings in the sheathing of over 30% in the lower areas of the panels at the end of 
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the Group B test.   However, the final average MC in the sheathing in the lower 300 mm of the panels 
were substantially lower (20% less at the core and 30% less at the surface) after the Group B test than in 
the same panels after the Group A-2 test.  Additionally, the average MC in the sheathing (over the full 
panel) was 11% lower after the Group B test (MC 24%) than in the same panels after the Group A-2 test 
(MC 35%). 
 
The plywood-sheathed panels included Panel 11B, with vapour diffusion ports and Panel 12, with no 
vapour diffusion ports. The plywood-sheathed panels started the test with higher average sheathing MC 
(average 30%) than the OSB sheathed panels (average 22%). Panel 11B had a decline in average 
sheathing MC of 3% over the test.  Panel 12 had a rise in sheathing MC of 1% over the test. The end point 
moisture content in the panels with plywood sheathing was similar to their moisture levels at the end of 
the Group A-2 test.   
 
Panel 12 was tested as part of Group B with no modifications from its Group A assembly. Vapour 
diffusion ports were not added to Panel 12.  In the Group A-2 test Panel 12 gained 7620 g and lost 3356 g 
or 44% loss over the 2000 hour test.  In Group B, Panel 12 gained 7030 g and lost 2222 g or 32% over the 
1700 hour test.  Adjusting for the time difference it could have lost 2614 g or 37% if the group B test had 
run for 2000 hours.  The wetting procedure and drying conditions were the same between Group A-2 and 
Group B.  The difference in performance of Panel 12 over the two tests can be explained by the difference 
in initial moisture content in the sheathing and framing.  While the total moisture mass gain was very 
similar in both tests (averaging 7300g 4% S.D.), the plywood sheathing in group B averaged 30% 
moisture content, while in Group A-2 it averaged 34% MC.  In the Group A-2 test the maximum 
sheathing MC was 50%, whereas the same high reading location in the Group B test had a peak of 35%.  
This confirms our view that the additional moisture in the plywood sheathing in the Group A tests was in 
a more favorable position to dry than in the Group B tests.  In the Group B test the initial plywood 
moisture levels were closer to those found in the OSB.  This resulted in lower % weight loss and lower 
effective permeance for the plywood panels in the Group B test compared to the Group A-2 test. The 
Group B test provides a better comparison between the performance of a panel with plywood sheathing 
and a comparable panel with OSB sheathing due to the closer initial moisture contents of the sheathing. 
 
From these results we conclude that the drying response of the OSB sheathed panels was substantially 
altered by the addition of vapour diffusion ports.  The OSB sheathed panels ended the Group B test with 
substantially lower average moisture content in the sheathing than the same panels had after the Group A-
2 test.  In particular the moisture content in the sheathing in the lower 300 mm of the OSB sheathed panel 
was substantially lower than in the same panels in the Group A-2 test. 
 

6 Conclusions 
 
• 

• 

Vapour diffusion ports had no substantial effect on the drying rate of the plywood sheathed panel. 
 

The OSB-sheathed panels had substantially higher % moisture loss, higher effective permeance, and 
lower MC % in the sheathing and in the framing with vapour diffusion ports  than the same panels 
without vapour diffusion ports. 
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7 Recommendations 
 
The building industry should consider incorporating vapour diffusion ports into all OSB sheathed wall 
systems where there is a vented cavity of at least 19mm width.   Further testing should be conducted of  
field of the wall areas and areas of the wall incorporating large concentrations of lumber such as window 
headers and rim joists to determine if vapour diffusion ports can enhance drying in these areas.    
 
Assemblies using vapour diffusion ports should be tested to determine if they have any negative effects 
on deflection and drainage. The effect of vapour diffusion ports on the structural properties of the wall 
should be tested and any revisions to design loads evaluated for overall performance of the structural 
aspects of the wall system.  The field effectiveness of vapour diffusion ports should be evaluated in 
outdoor test huts and through monitoring of buildings where they are currently being used.  
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Table 1: Group B - 6 Test Panels Specifications (Panel Numbers shown as #n) 

 Venting Location 

Insulation 1 No Vent No Vent Bottom Only Bottom Only Top & Bottom Top & Bottom 

Venting % 2 0% 0% 0.8% 0.8% 0.8% & 0.8% 0.8% & 0.8% 

Cavity Size 
mm (in) Bldg Paper 3 SBPO 4 Bldg Paper 3 SBPO Bldg Paper 3 SBPO 

0       

10 (3/8)       

19 (3/4)   #3B. Stucco on 
OSB 

#4B. Stucco on 
OSB 

#5B. Stucco on 
OSB 

#6B. Stucco on 
OSB 

0       

19 (3/4)       

0       

10 (3/8)     #12. Stucco on 
Plywood  

19 (3/4)   #11B. Stucco 
on Plywood    

 
1. all panels had RSI 2.45 (R 14friction fit glass fibre batt insulation  
2. venting % = the face area of the vent / the area of the panel * 100 
3. two layer2 30 minute asphalt impregnated kraft paper 
4. all SBPO was one layer, continuous sheet with no laps 
5. all stucco was from the same batch of sand cement lime mix 21mm (7/8“) three coat application, the 

finish coat was sand cement lime with integral colour, (no acrylic) 
6. OSB indicates 11.5mm (15/32”) OSB sheathing fixed directly to the framing 
7. Plywood indicated 12.5 mm (1/2”) Canadian Softwood Plywood sheathing fixed directly to the framing 
8. Panel # followed by “B” indicates panels altered by adding vapour diffusion ports 
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Table 2: Hand-held Moisture Reading Summary Group A Phase 1 & Phase 2 

Group B  

 All Panels  
Average % MC * 

All Panels  
Median % MC 

 Before ** After ** Before ** After ** 

Stud A 36 12 36 12 

Stud D 32 12 32 12 

Studs A & D 34 11 34 12 

Plate A 34 15 34 15 

Plate C 38 17 37 17 

Plates A & C 36 16 35 16 

OSB Sheathing 22 24 22 24 

Plywood Sheathing 30 28 30 28 

All Sheathing 26 26 26 26 
 

Group A – Phase 2 – With Solar 

 6 Panels used in Group B  
Average % MC * 

6 Panels used in Group B 
Median % MC 

 Before ** After ** Before ** After ** 

Stud A 39 12 39 12 

Stud D 34 11 33 11 

Studs A & D 36 11 36 12 

Plate A 39 14 38 14 

Plate C 38 15 36 14 

Plates A & C 30 14 37 14 

OSB Sheathing 23 35 23 35 

Plywood Sheathing 37 30 37 30 

All Sheathing 30 32 40 32 
 
*   MC = moisture content, readings taken with hand held resistance type meter set for SPF @ 21oC 
** Readings taken before installation in chamber and after removal from chamber
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Table 3: Group B & Group A - Phase 2 : Pre and Post Test Wall Panel Weights 
 
Group B – 1700 hours 
 

Wall No Total Wet 
Weight 

kg 

Total Wet 
Weight 
pounds 

Water 
Gained 
kg (lb)  

Removal 
Weight 

kg 

Removal 
Weight 
pounds 

Total Water 
Loss 1 
kg (lb)  

Total % 
weight 
Loss 2 

3B 228.65 504.1 6.58 (14.5) 227.38 501.30 1.27 (2.8) 19 

4B 219.45 483.8 6.99 (15.4) 225.48 497.1 2.13 (4.7) 31 

5B 228.11 502.9 6.35 (14.0) 226.12 498.5 1.99 (4.4) 31 

6B 229.11 505.1 7.03 (15.5) 226.98 500.4 2.13 (4.7) 30 

11B 227.75 502.1 7.30 (16.1) 224.44 494.8 3.31 (7.3) 45 

12 224.12 494.1 7.03 (15.5) 221.90 489.2 2.22 (4.9) 32 
 
 
Group A - Phase 2 – 2000 hours 
 

Wall No Total Wet 
Weight 

kg 

Total Wet 
Weight 
pounds 

Water 
Gained 
Kg (lb)  

Removal 
Weight 

kg 

Removal 
Weight 
pounds 

Total Water 
Loss 1 

kg (lb) 

Total % 
weight 
Loss 2 

3 229.61 506.2 7.26 (16.0) 227.88 502.4 1.73 (3.8) 24 

4 219.99 485.0 7.76 (17.1) 217.91 480.4 2.09 (4.6) 27 

5 229.02 504.9 7.03 (15.5) 227.11 500.7 1.91 (4.2) 27 

6 231.11 509.5 8.26 (18.2) 228.93 504.7 2.18 (4.8) 26 

11 228.84 504.5 7.98 (17.6) 224.53 495.0 4.31 (9.5) 54 

12 224.85 495.7 7.62 (16.8) 221.49 488.3 3.36 (7.4) 44 

 
1. Fully assembled panel weight prior to testing less fully assembled panel weight after testing. 
2. Total % weight loss = total water loss / water gained * 100.    
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Table 4: Group B & Group A - Phase 2: All Panels - Sorted by  % Weight Loss 1 
 
Group B – 1700 hours 
 

Wall No Sheathing Membrane Cavity 
Mm (in) Venting1 Cladding Weight Loss % 2 Relative Drying 

Factors 3 

11B Plywood Paper 19 (3/4) B Stucco 45.3 2.4 

12 Plywood Paper 10 (3/8) T&B Stucco 31.6 1.6 

5B OSB Paper 19 (3/4) T&B Stucco 31.4 1.6 

4B OSB SBPO 19 (3/4) B Stucco 30.5 1.6 

6B OSB SBPO 19 (3/4) T&B Stucco 30.3 1.6 

3B OSB Paper 19 (3/4) B Stucco 19.3 1.0 

 
 
Group A - Phase 2 – 2000 hours 
 
Wall No Sheathing Membrane Cavity 

mm Venting1 Cladding Weight Loss %2 Relative Drying 
Factors 3 

11 Plywood Paper 19 (3/4) B Stucco 54.0 2.3 

12 Plywood Paper 10 (3/8) T&B Stucco 44.0 1.9 

5 OSB Paper 19 (3/4) T&B Stucco 27.1 1.1 

4 OSB SBPO 19 (3/4) B Stucco 26.9 1.1 

6 OSB SBPO 19 (3/4) T&B Stucco 26.4 1.1 

3 OSB Paper 19 (3/4) B Stucco 23.8 1.0 

 
1 - B = venting bottom only, T&B = venting top and bottom 
2 - see definition 2   Table 3 
3 - Relative Drying Factor = weight Loss % wall n /weight loss % wall 3B Group B   

(or wall 3 Group A-2) 
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Table 5: Moisture Readings in Wall Panels at Installation & Removal *  
 
Group B

OSB-sheathed walls:
Panel Panel %

Wall # Stud A Stud A Stud MC Sheathing Sheathing Sheathing Weight Weight
Before After Change Before After Change Loss g Loss

3B 33 12 -21 22 24 +2 1270 19
4B 35 12 -23 22 24 +2 2131 30
5B 37 12 -25 20 22 +2 1995 31
6B 36 12 -24 23 25 +2 2131 30

Average 35 12 -23 22 24 +2 1882 28

Plywood sheathed walls

11B 37 11 -26 29 26 -3 3311 45
12 37 12 -25 30 31 +1 2222 32

Average 37 12 -25 30 29 -1 2767 39

Average All Walls Group B
36 12 -24 24 25 +1 2177 31

Group A

OSB-sheathed walls:

3 39 12 -27 23 36 13 1725 24
4 40 12 -28 23 34 11 2088 27
5 40 12 -28 22 35 13 1907 27
6 41 12 -29 25 35 10 2179 26

Average 40 12 -28 23 35 12 1975 26

Plywood sheathed walls:

11 38 11 -27 39 27 -12 4313 54
12 35 11 -24 34 31 -3 3360 44

Average 37 11 -26 37 29 -8 3837 49

Average All Wals Group A
39 12 -27 28 33 5 2595 34

*  Hand held moisture readings taken with resistance type meter set for SPF @21oC
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Table 6: Calculated Permeance vs Effective Permeance  ng/Pa.sec.  
 

Panel # Total Calculated 
Permeance 

Total Effective Permeance 
Over 1700 hrs 

Total Effective Permeance 
Over 2000 hrs 

 Group B Group B Group A-Phase 2  

    

3B 267 332 389 

4B 340 581 408 

5B 267 679 504 

6B 340 590 537 

11B 344 1364 1444 

12 346 784 990 

 

 Calculated Permeance vs. Effective Permeance grains/(hr)(in. Hg) 
 

Panel # Total Calculated 
Permeance 

Total Effective Permeance 
Over 1700 hrs 

Total Effective Permeance 
Over 2000 hrs 

 Group B Group B Group A-Phase 2 

3B 4.6 5.8 6.8 

4B 5.9 10.1 7.1 

5B 4.6 11.8 8.8 

6B 5.9 10.3 9.4 

11B 6.0 23.8 25.3 

12 6.1 13.7 16.5 
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Figure 1: Distribution of lumber types (in terms of wetting and drying) in each panel 
 

Typical Wall view from back
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“B” - sheathing surface WMC stud cavity
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Figure 2: Typical wall panel locations and detail for test points  
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Figure 3: Chamber Plan & Elevations 



Evaluation of Vapour Diffusion Ports   Drying of Wood-frame Walls Under Controlled Conditions 
 

on

 
 
 

 
 

21 
 
 

 

 
Figure 4: Chamber Sections 
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Figure 5: Chamber Details 
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Figure 6:  Chamber Details 
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Figure 7: Resistance Measurement Circuit From DAS  
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Figure 8: Moisture Content of Panel Components  -  Before and After Drying 
 

Figure 9: Change in Moisture Content Stud A  Near Sheathing – Group B 
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Group B Weight Loss vs. Water Gained
OSB Sheathed Panels
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Group B Weight Loss vs. Water Gained
Plywood Sheathed Panels
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Figure 10: Relationship Between Initial Water Gain and % Water Loss (OSB Sheathed Panels 
and Plywood Sheathed Panels) 
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Figure 11: View of EDRA chamber in Lab 
 

Figure 12: View of EDRA Chamber Interior 
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Figure 13: Vapour Diffusion Ports in Field Application  

 

Figure 14: Group B Test Panel showing Vapour Diffusion Ports 
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Figure 15: Panel Being Removed from Wetting Tanks 

 

Figure 16: Panel Being Inserted in Test Chamber 
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