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EXECUTIVE SUMMARY 
This new study aims to generate moisture performance data for several configurations of highly insulated wood-

frame walls meeting the RSI 3.85 (R22 eff) requirement for buildings up to six storeys in the City of Vancouver. 

The overarching goal is to identify and develop durable exterior wood-frame walls to assist in the design and 

construction of energy efficient buildings across the country. Wall panels, each measuring 1200 mm wide and 

2400 mm tall, form portions of the exterior walls of a test hut located in the rear yard of the FPInnovations 

laboratory in Vancouver. Twelve wall panels in six types of wall assemblies are undergoing testing in this first 

phase. This report, first in a series on this study, documents the initial construction and instrumentation. 

The 12 wall panels were built and installed on the test hut from June to September, 2018. They consisted of 

different insulation strategies and materials.  Each of these six types of wall assemblies was built taking into 

account the thermal bridging caused by structural framing, and theoretically has effective thermal resistance 

just exceeding R22. Wall No. 1 was framed with 38 mm by 184 mm (nominal 2 in. by 8 in.) dimension lumber, 

with the stud cavities filled with nominal R28 glass fibre batt insulation. No. 2 was built with double rows of wall 

studs (38 mm by 89 mm (nominal 2 in. by 4 in.) dimension lumber with a 6 mm gap between the two rows) and 

had the entire wall cavities filled with a type of open-cell spray foam. Walls No. 3 to No. 6 were all split-insulated 

assemblies, each framed with 38 mm by 140 mm (nominal 2 in. by 6 in.) dimension lumber and installed with the 

same cavity insulation material (R19 compressed from nominal R20 glass fibre batt insulation). What differed 

among these four walls was the vapour permeance of the exterior insulation materials, which increased from 

wall No. 3 to 6: rigid stone wool (38 mm (1.5 in.) thick, in wall No. 3), expanded polystyrene (EPS, 38 mm (1.5 in.) 

thick, in wall No. 6), extruded polystyrene (XPS, 25 mm (1 in.) thick, in wall No. 4), and foil faced-

polyisocyanurate board (polyiso, 25 mm (1 in.) thick, in wall No. 5), respectively. The vapour diffusion control 

layer of each wall was designed based on the insulation material(s) used and the common construction practices 

for the selected materials. Wall No. 2 had a vapour retarder paint applied on the interior surface of the spray 

foam, while wall No. 5 had a vapour retarder paint applied on the drywall. The remaining wall assemblies used 

sheet polyethylene (0.15 mm (6 mil) thick), a traditional interior vapour barrier installed outboard of the drywall. 

One replicate of wall type No. 1 to No. 5 was installed south-facing; while a second replicate was installed north-

facing. Walls No. 3 and No. 6 were installed to face east. The effect of air leakage on moisture performance is 

not dealt with in this study, as all wall panels were built and installed to be airtight. No airtightness testing was 

conducted. 

This study focuses on measuring the wood moisture content (MC), temperature and relative humidity (RH) (and 

the corresponding vapour pressure gradients) through each wall assembly to assess its moisture management 

capacity. Controlled moisture loads, in the form of vapour (achieved by maintaining a high humidity inside the 

test hut) and liquid water (achieved by injecting water to a wetting pad installed exterior to the OSB sheathing) 

are employed to stress these walls for investigating their moisture-related behaviour and performance. Testing 

started late September 2018 with indoor conditions replicating a relatively high RH. Water injection is planned 

to start in the summer of 2019. Test results and performance of these walls will be presented and discussed in 

future reports. 
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1 1 OBJECTIVES 

This project is one of the efforts1 to assist the province of British Columbia and local jurisdictions in 

implementing the new energy code requirements.  

 

By testing R22 walls installed in a test hut, this project will focus on the following objectives: 

 Generate hygrothermal performance data for wood-frame wall assemblies anticipated to be commonly 

used to build high energy efficiency buildings across Canada 

 Validate hygrothermal modelling to improve design tools for wood-frame construction 

 Develop specific recommendations on durable and energy efficient exterior wood-frame wall assemblies 

practitioners can readily use 

2 INTRODUCTION 
Building energy regulations are changing quite rapidly across Canada to meet the mandates of governments to 

reduce energy consumption and greenhouse gas emissions. In the province of British Columbia, the BC Energy 

Step Code was enacted in April, 2017 to transform the new construction of both Part 9 and Part 3 buildings 

towards net-zero energy ready by 2032 (Government of British Columbia 2017). Given the overall “envelope 

first” approach adopted by this code, the building envelope must be built to be highly airtight2 and thermally 

efficient3 to meet the new energy code requirements. The City of Vancouver requires RSI 3.85 (R22 eff) for 

above-grade and foundation walls of residential buildings up to six storeys (City of Vancouver 2018). This 

requires additional insulation: ideally exterior insulation over a traditional 2 by 4 or 2 by 6 wood-frame wall, or a 

deeper stud or double-stud wall. BC Housing updated an illustrated guide “R22+ Effective Walls in Residential 

Construction in British Columbia” in collaboration with its partners, following the release of the BC Energy Step 

Code (BC Housing 2017). While measures to increasing the overall thermal resistance of exterior walls and the 

                                                           

1 For example, other efforts include training and development of design/construction guides led by BC Housing. 

2
 The air leakage rates vary among buildings and older buildings tend to be leakier than newer buildings. For single-family 

houses, the City of Vancouver requires 3.5 ACH @ 50 Pa of pressure difference, the R-2000 Standard requires 1.5 ACH @ 50 

Pa, the new BC step code requires 1 ACH @ 50 Pa for Step 5, and the Passive House standard requires 0.6 ACH @ 50 Pa. For 

large buildings, the City of Vancouver requires 2.0 L/s/m
2
 @75 Pa at testing. 

3
 The thermal resistance of an assembly is often referred to as an R-value in imperial measurement (hft²°F/Btu), RSI in the 

metric measurement system ((m²K)/W) or its inverse, i.e., the overall thermal transmittance (or U-factor, in a unit of 

W/(m²K)). The calculation of effective R-values takes into account thermal bridging of framing and other components. For 

the climate of Metro Vancouver (Climate Zone 4), the required effective R-value for exterior walls is R-15.8 for Part 9 

housing based on the National Building Code of Canada (Section 9.36 Energy Efficiency) (NRC 2015) and R-18 for larger 

buildings based on the National Energy Code of Canada for Buildings (NRC 2011). Aside from the NECB, some jurisdictions, 

such as British Columbia and Ontario also allow the use of ASHRAE 90.1 (ASHRAE 2010) to meet the energy requirements 

for large buildings. 
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general impact of adding insulation (e.g., cavity insulation, exterior insulation) on hygrothermal performance are 

well understood, durability-related performance data specifically about R22 walls in the Vancouver climate are 

still needed to identify potential negative consequences of adding thermal insulation, and to validate design 

tools and improve specifications. FPInnovations therefore decided to test a range of wood-frame walls that 

meet the R22 requirement in a test hut on its Vancouver campus. Such testing enables comparing different wall 

assemblies for hygrothermal performance through exposing them to the same exterior and interior 

environmental conditions (Straube et al. 2002; Armstrong et al. 2009; Smegal et al. 2013; Fox 2014; Gauvin 

2014; Trainor 2014; Glass et al. 2015; Tariku and Ge 2015; Tariku et al. 2015; Glass et al. 2016). This study has 

become more relevant and urgent given the fact that designers and builders nowadays face many options of 

thermal insulation and vapour control materials/methods for building higher energy efficiency. It is anticipated 

that the test results will help improve recommendations for durable and energy efficient wood-frame wall 

assemblies that practitioners can readily use and thereby assist in the design and construction of net-zero 

energy ready buildings in the country. This report describes the construction and instrumentation of the first 

phase testing. Performance of the test walls will be presented and discussed in future reports. 

3 STAFF 
Jieying Wang Senior Scientist, Building Systems 
Dave Dempster Carpenter 
Cameron Hale Technologist, Advanced Wood Manufacturing 
Tony Thomas Principal Instrumentation Technologist, Building Systems (retired) 
John Hoffman Principal Technologist, Advanced Wood Manufacturing 
Philip Eng Senior Technologist, Building Systems 
Conroy Lum Lead Scientist, Building Systems 
Steven Kuan  Manager, Building Systems (until December 2018) 
Rod Stirling Acting Manager, Building Systems 

4 MATERIALS AND METHODS 

4.1 Study Overview 
This project aims to assess the moisture performance of six types of thermally efficient wood-frame wall 

assemblies under controlled interior environmental conditions in the Vancouver climate. These walls consist of 

different insulation strategies/materials to meet the R22 requirement for residential buildings up to six storeys 

in the City of Vancouver. The test hut is located in the rear yard of the FPInnovations laboratory and is 

positioned to be well exposed to the elements (Figure 2). The frame of its walls was built to provide five 

openings, each measuring 1200 mm wide and 2400 mm tall, separated by structural columns in both the south 

and the north orientations. It also has a double-size opening (2400 mm by 2400 mm) in its east-facing wall. A 

total of 12 test wall panels, each measuring 1200 mm wide and 2400 mm tall, were built in the laboratory and 

installed on the test hut from June to August, 2018. One replicate of the walls labelled from No. 1 to No. 5 was 

installed south-facing, while a second replicate was installed north-facing. Wall No. 3 and No. 6 were installed to 

face east (Figure 2). 
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This study focuses on measuring the wood (OSB, dimension lumber) moisture content (MC),  temperature and 

relative humidity (RH) (and the corresponding vapour pressure gradients) through these wall assemblies to 

assess their performance based on sensors installed in each wall. Moisture loads, in the form of vapour (i.e., 

from the high indoor humidity as described in Section 4.6) and liquid water (by injecting water into a wetting 

pad as described in Section 4.4) will be utilized to stress these walls for investigating their moisture-related 

response and performance. 

 

Figure 1.  Finished test hut exterior with a weather station on the roof. 
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Figure 2.  Layout of 12 test walls in the test hut. 

4.2 Test Matrix 
This test focuses on assessing the effects of varying insulation strategies/materials and the coupled vapour 

control measures while minimizing the number of variables to better investigate differences in these test walls’ 

moisture-related response under the same environmental conditions. Among the six types of walls investigated, 

the thermal insulation type(s) and location(s) were selected to be the major variables. All insulation including 

the interior insulation installed inside the stud cavities and the exterior insulation installed outboard of the 

sheathing membrane are commonly used materials in construction. The detailed wall assemblies are 

summarized in Table 1 (with wall No. 3 illustrated in Figure 3, and other walls illustrated in Appendix I). Walls No. 

1 and No. 2 were intended to represent deep walls conventionally used to build high energy efficiency homes in 

Canada. No. 1 was framed with 38 mm by 184 mm (nominal 2 in. by 8 in.) dimension lumber, with the stud 

cavities filled with nominal R28 glass fibre batt insulation. No. 2 was built with double rows of walls studs (38 

mm by 89 mm (nominal 2 in. by 4 in.) dimension lumber), placed at the same spacing along the interior and 

exterior wall faces but with a 6 mm gap between the two rows (Figure 7).  The wall cavities were filled with a 

type of open-cell spray foam. The other four types of walls were split-insulated assemblies, each framed with 38 

mm by 140 mm (nominal 2 in. by 6 in.) dimension lumber and having the same interior insulation (R19 

compressed from nominal R20 glass fibre batt insulation) in the stud cavities. The exterior insulations applied to 

the four walls were rigid stone wool (38 mm (1.5 in.) thick, in wall No. 3), expanded polystyrene (EPS, 38 mm 

(1.5 in.) thick, in No. 6), extruded polystyrene (XPS, 25 mm (1 in.) thick, in No. 4), and foil faced-polyisocyanurate 

(polyiso, 25 mm (1 in.) thick, in wall No. 5). The vapour permeance of these exterior insulation boards increases 

from the stone wool, EPS, XPS, to the polyiso insulation. Each type of wall was designed to have the least 

amount (thickness) of exterior insulation needed to just meet the R22 effective requirement (see the thermal 

calculation in Appendix II). 
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Figure 3.  A schematic to show the assembly of test wall No. 3 

Another variable included in the study was the vapour control method, which was designed based on the 

insulation to be used; installation followed common practices in the building industry. Wall No. 2 had a vapour 

retarder paint applied directly on the interior surface of the open-cell spray foam by the foam installer. Wall No. 

5 had a vapour retarder paint applied on the drywall, since the 25 mm thick foil faced-polyiso exterior insulation 

used was expected to have vapour permeance below 60 ng/(Pasm2) (based on a dry cup test), which qualifies it 

as a vapour barrier based on the National Building Code of Canada (NRC 2015). The use of vapour retarder paint 

was intended to maintain some level of drying capacity towards the interior and avoid sandwiching the wood 

frame between two vapour barriers. The other four walls, No. 1, No. 3, No. 4, and No. 6 all had sheet 

polyethylene, a traditional vapour barrier, installed outboard of the drywall. Except for wall No. 5, a type of 

regular latex paint was applied on the drywall of all other test walls. Properties including the vapour permeance 

found in the literature for the materials used are listed in Appendix III. Small samples of the major materials 

expected to affect the vapour permeance of these wall assemblies, such as the oriented strand board (OSB) 

sheathing, drywall (with or without paint), and exterior insulation materials were cut from the same batch of 

materials used to build the test walls, and tested for vapour permeance in the laboratory. 

Orientation is an important factor affecting building envelope hygrothermal performance, since it affects 

climatic conditions, such as solar radiation, RH, wind, and wind-driven rain. For example, south-facing walls, 

being more exposed to solar radiation, usually have better drying performance than north-facing walls (Wang 

and Mistretta 2014; Glass et al. 2015). Related to potential impact (e.g., rain penetration, inward vapour drive) 

caused by wind-driven rain, the prevailing direction of wind-driven rain in Metro Vancouver is from the east 

(Smegal et al. 2012; Ge et al. 2017). No rain leakage was anticipated in this study, with the test walls all built and 

installed carefully. However, wind-driven rain may affect the micro-climate inside the rainscreen cavity when 

water is absorbed through the cladding. Considering this possibility, one replicate of test walls No. 1 to No. 5 

was installed south-facing, and a second replicate was installed north-facing to assess the impact of these two 

major orientations. With walls No. 3 and No. 6 installed facing the east, these two walls will represent eastern 
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exposure performance. Wall No. 3, installed on the three faces, will serve as a reference wall for these three 

orientations. 

A modern energy efficient building aims to be airtight. The effect of air leakage on wall performance is not 

assessed in this study and effort was made during the construction to minimize air leakage through these wall 

assemblies. It is therefore expected that due to the effect of air leakage (e.g., the consequent interstitial 

moisture accumulation potential), the moisture performance of building envelope assemblies in actual buildings 

may be reduced compared to what will be observed in this study. 

Table 1.  Summary of six test walls 

Wall 
No. 

Interior 
finish 

Vapour 
control 

Framing 
Stud cavity 
insulation 

Sheathing WRB 
Exterior 

insulation 
Cladding 

Effective 
R 

1 

Regular 
latex 

paint on 
drywall 

6 mil poly 2x8 @ 16 o.c. 
R28 

fiberglass 
batt 

OSB, 11 
mm thick 

spun 
bonded 
polyolefi

n 

- 

Hardboard 
siding, 18 

mm 
rainscreen 

cavity 

22.4 

2 

Regular 
latex 

paint on 
drywall 

Vapour 
retarder 
paint on 

foam 

2x4 @ 16 o.c. 
double stud 
with 6 mm 

gap (using 2 
by 8 for 

perimeter) 

Open-cell 
spray foam 

 
- 22.4 

3 
Regular 

latex 
paint on 
drywall 

6 mil poly 

2x6 @ 16 o.c. 
R19 

fiberglass 
batt* 

38 mm stone 
wool rigid 

23.0 

4 25 mm XPS 22.0 

5 

Vapour 
retarder 
paint on 
drywall 

Vapour 
retarder 

paint 

25 mm faced 
polyiso 

23.2 

6 

Regular 
latex 

paint on 
drywall 

6 mil poly 
38 mm type 

2 EPS 
23.0 

Note: 2×4/2×6/2×8: 38 mm by 89mm/38 mm by 140 mm/38 mm by 184 mm dimension lumber; poly: polyethylene membrane; XPS: extruded 

polystyrene exterior insulation; EPS: expanded polystyrene exterior insulation; faced polyiso: foil faced-polyisocyanurate board; all drywall in thickness of 

12.7 mm.  

*R19 batt insulation: nominal R20 compressed in 140 mm stud cavity.  

4.3 Preparation of Test Walls 
Preparation of these test walls started in early June, 2018. Among the materials used, the 38 mm by 140 mm 

“Spruce-Pine-Fir” (S-P-F) dimension lumber, the rigid stone wool exterior insulation, and the plastic sheathing 

membrane were provided by manufacturers; the open-cell spray foam was installed by a certified installer. All 

other materials were purchased from local building supply stores. 

S-P-F dimension lumber in three depths (89 mm, 140 mm, and 184 mm) and OSB exterior sheathing (11 mm 

(7/16 in.) thick) were used to frame these walls. Spruce was identified to be the predominant species in the 

dimension lumber sample used. With a standard spacing of 400 mm on center between studs, each wall had 

three stud cavities; the middle cavity (bay) was to be instrumented for measurements. A single top/bottom plate 
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was used in each wall; these two pieces were cut from the same board. Wall No. 2 had a 6 mm gap between the 

two rows of studs of 38 mm by 89 mm dimension lumber, with 38 mm by 184 mm dimension lumber used to 

build the perimeter frame. A small notch was cut on the interior edge of each top plate to allow leading wires 

from the sensors installed inside each wall cavity to the data loggers installed inside the test hut (Section 4.5). 

Each notch was sealed with sealant after all sensors were installed. 

One sheet of commonly used vapour-permeable plastic sheathing membrane (spun bonded polyolefin) was 

installed on the exterior side to cover the OSB sheathing by stapling the membrane (about 50 mm on the edge) 

on the four edges (i.e., top/bottom plates and two perimeter studs) of each wall frame. The wall edges 

(including the overlapped sheathing membrane) were then sealed with a continuous self-adhered vapour 

impermeable roofing membrane. This was intended to provide a separation of each test wall from its 

surrounding structure and to ensure that the sheathing membrane would remain airtight. Prior to and after each 

wall was installed, its interface with the surrounding structure (i.e., the remaining wall of the test hut) was 

carefully treated (e.g., taping etc.) to ensure a continuous water-resistive barrier in place for the entire exterior 

surface. Gaskets were installed to seal gaps between each wall frame and its surrounding structure. After 

installing its exterior insulation board, each test wall panel was installed so that the exterior faces of all test walls 

were flush. This allowed continuous wood strapping and then siding to be attached to the north, south and east 

faces of the test hut. The strapping, about 19 mm in depth, was installed to create a rainscreen cavity behind 

siding, and the top and bottom vents were covered with fiberglass bug screen. The siding was painted 

hardboard recycled from the previous study. The rainscreen cavity is expected to provide good ventilation4. On 

the interior side, a type of open-cell spray foam together with a vapour retarder paint5 was installed for wall No. 

2. Fiberglass batt insulation was installed to fill all other stud cavities. To further improve the airtightness of each 

test wall, acoustic caulking was generously applied on the perimeter frame of each wall, before sheet 

polyethylene or drywall was installed. The drywall was installed and painted by a professional drywall 

contractor. The paint finish consisted of one coat of latex primer and two coats of latex top finish6, a common 

practice for new construction. 

4.4 Wetting Pad 
In the coastal climate, most building envelope failures are caused by rainwater penetration (CMHC 1996). To 

assess in this study the robustness of the walls against water penetration, controlled amounts of liquid water 

will be injected into each wall assembly to simulate rain leaks. For this a wetting pad was installed on the 

exterior surface of OSB for injecting water based on a method originally developed by Dr. John Straube and his 

team at the University of Waterloo (Smegal et al. 2012; Gauvin 2014; Trainor 2014). The wetting pad, formed 

from a type of shop-use paper towel and measuring about 275 mm (width) and 260 mm (height) was chosen 

and stapled on the exterior surface of the OSB sheathing to act as a water storage medium. It was located at 

about ¼ of the wall height from the bottom of each wall (i.e., with the top of the towel at a height of 600 mm 

from the bottom) (Figure 4). A small plastic distribution tube, with an inside diameter of 6 mm was installed on 

                                                           

4
 A ventilated air space is effective in reducing inward vapour diffusion (Derome and Saneinejad 2010). 

5
 A product of Cloverdale, installed by the foam installer after the spray foam was installed. 

6
 A product of Sherwin Williams, installed by the drywall contractor. 
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top of the paper towel. It had three small holes pre-drilled along the width of the wetting pad for uniformly 

distributing water to the paper towel. One end of the tube is blocked, while the other end is accessible from the 

interior of the test hut and left open for injecting water. A few trials were conducted in the laboratory to assess 

whether the wetting pad would be able to hold water, transmit water to the OSB sheathing, and endure multiple 

cycles of wetting and drying. The trials found that this paper towel can hold up to the water when 30 mL was 

injected twice a day (morning and afternoon). It took a few days for the moisture pin sensors installed at mid-

depth of the OSB sheathing from the interior side to detect wetness. Based on this trial, the protocol for 

simulating persistent water leaks under building services conditions would be simulated by injecting 20 mL 

water, twice a day. Limiting the amount of water injected per day is intended to ensure the injected water will 

be absorbed by the wood sheathing, as opposed to running down the face of the OSB sheathing. 

 

 

Figure 4.  A paper towel together with a plastic tube installed on the exterior surface of the OSB sheathing for injecting 
water in future 

4.5 Instrumentation 
A set of instruments was installed in each wall cavity. It included six pairs of resistance-based pin sensors for 

measuring the OSB’s MC, two pairs of pin sensors for measuring a wall stud’s MC, and four RH/T sensors for 

measuring the environmental conditions across each assembly. A data logger, with an integrated RH/T probe for 

measuring indoor temperature and RH, was installed above each wall panel. 

The moisture pins (uncoated short stainless screws) were inserted into the wood to a depth of about 6 mm (i.e., 

half the thickness of the OSB sheathing), with the two pins aligned along the height of each wall (i.e., along the 

grain of the wall studs and the major grain orientation in the OSB sheathing). By using uncoated pins, the 

measurement was anticipated to detect the wettest point (i.e., the highest MC) of the wood located between 
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these two pins. Each pair of moisture sensors was combined with a temperature probe so that the MC readings 

can be corrected for temperature effects. Six pairs of moisture pin sensors, labelled from O1 to O6, were 

installed from the interior surface of the OSB sheathing at various heights (from top to bottom): 150 mm from 

the top; at mid-height (1200 mm from the bottom); 580 mm, 475 mm, and 360 mm from the bottom (these 

three sensors were installed on the interior side to the exterior wetting pad); and 150 mm from the bottom, 

respectively. These six moisture sensors are expected to cover variations in MC measurement resulting from: 1) 

differences in material properties (e.g. wood species and density, resin content), 2) differences in the micro-

climate between locations (e.g., the variations caused by air movement (e.g., buoyancy), if any, along the 

sheathing plane), and 3) changes due to injected water onto the wetting pad. A calibration study (i.e., 

comparison between resistance-based MC readings and oven dry-based gravimetric MC under a series of 

humidity conditions) was conducted for the batch of OSB used in this study, in addition to a previous calibration 

study covering a broader range of wood materials (Wang and Thomas 2018). Two pairs of moisture pin sensors 

were installed in the left stud of the middle cavity at mid-height, with one close to the OSB sheathing (labelled as 

L1) and the other close to the drywall (labelled as L2).  These will be used to compare with the MC readings from 

the OSB sheathing and to assess the effect of different service environments (based on calibration for wood 

species “white spruce”). For wall No. 2 with double studs, these two pairs of moisture pin sensors were installed 

in two studs. 

The four RH/T sensors, labeled from RH/T1 to RH/T4, were installed as follows: in the exterior drained and 

vented space exterior to the sheathing membrane or the exterior insulation, depending on the wall type 

(RH/T1); on the interior face of the OSB sheathing at mid-height (RH/T2); at about 475 mm from the bottom 

(i.e., interior to the exterior wetting pad, RH/T3); and exterior to the polyethylene sheet when it was present, or 

exterior just to the drywall when there was no polyethylene (RH/T4). For wall No. 2, in which open-cell spray 

foam was installed, no RH/T sensor was installed behind the drywall to avoid damaging the continuous vapour 

retarder paint sprayed on the foam. Figure 5 shows the sensor locations for wall No. 3 (additional 

instrumentation-related information is provided in Appendix IV and V). Data were set to be collected at 15 min 

intervals, which were then averaged to obtain hourly readings. 
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Figure 5.  Drawing to show locations of sensors in a test wall assembly 

A weather station was installed on the roof of the test hut to measure local weather conditions including 

temperature and humidity, wind speed and direction, rainfall, and solar radiation. The test hut is close to the 

Vancouver International Airport, with weather data available for download from the Environment Canada 

website. 

4.6 Indoor Environmental Control 
Indoor humidity is part of the moisture loads that a building envelope has to manage. It was found to be the 

most important factor based on sensitivity analysis using hygrothermal modelling affecting the moisture 

performance of exterior sheathing in a mixed-humid climate (Glass 2013). The indoor humidity in a real building 

depends on the exterior environment (temperature, humidity etc.), ventilation rates, indoor moisture sources 

(breathing, cooking, washing, plants etc.), and moisture buffering capacity (e.g., desorption/adsorption of 

hygroscopic materials). Various modeling tools are available to simulate indoor humidity for hygrothermal 

simulations of building envelope assemblies (Glass and TenWolde 2009; Roppel et al. 2007a). 

It was decided to maintain the indoor environment of the test hut under a target condition of 21°C and 50% RH7. 

This would generate an indoor vapour pressure of about 1240 Pa for the test walls. This target condition was 

created and maintained in the test hut by controlling the radiant heating system built into its floor and the 

operation of a humidifier (Aircare EP Series). 

                                                           

7
 When the exterior environment has RH of 90% @ 5°C in the winter in Vancouver, the RH will drop below 40% when it is 

heated to 20°C based on a psychrometric chart. 
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This target indoor condition was intended to represent the average or slightly higher indoor humidity found in 

Vancouver homes in the winter (Roppel et al. 2007b). FPInnovations’ field monitoring has found indoor RH 

ranging from 25% to 65% in the Vancouver climate, with generally lower RH in the winter than in the summer8. 

The most recent monitoring study on an energy efficient six-storey wood-frame building found that the indoor 

RH mostly ranged from 30% to 40%, with the temperature of 20-25°C in seven selected suites in the winter 

(Wang 2019). 

It is known that RH measurements typically have higher levels of uncertainty than measuring temperature, and 

most humidity sensors have a range of accuracy from ±3% to ±5% RH (Appendix V). It was decided to install 

different types of humidity sensors in the test hut to identify the most accurate measurements to improve 

future analysis of wall performance. 

5 NEXT STEPS 
 To maintain the indoor environment to investigate moisture-related response and performance of these 

test walls 

 To complete calibration of the moisture pin sensors for measuring OSB’s MC  

 To complete calibration of the humidity sensors for measuring environmental RH 

 To track environmental conditions and wall responses to assess wall performance 

 To measure material properties including density and vapour permeance (dry cup, wet cup) for the 

major materials (OSB, drywall with and without painting, insulation, and membranes) used to build the 

test walls 

 To enable study results to be compared to findings from other studies and to support hygrothermal 

modeling 

 To adjust the test plan (schedule etc.), if necessary, when sufficient data have been collected 

 To conduct hygrothermal modeling to compare with field measurements and to evaluate different 

scenarios (e.g., different assemblies, climates) affecting wall performance 

 To provide recommendations to improve the design and construction of energy efficient wood-frame 

buildings 

6 REFERENCES 
Armstrong, M., W. Maref, M.Z. Rousseau, W. Lei and M. Nicholls. 2009. A field monitoring study of interstitial 

condensation in wood-frame walls in cold climate. Proceedings of 12th Canadian Conference on Building 

Science and Technology, Montreal, Quebec, May 6-8, 2009. p.12. 

ASHRAE. 2010. ASHRAE Standard 90.1: Energy Standard for Buildings except Low-Rise Residential Buildings. I-P 

and S-I Editions. American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. Atlanta, 

GA, USA. 

                                                           

8
 Unpublished monitoring data 



 

Project number: 301013124 12 of 39 

project proposal 
12 

BC Housing. 2017. Illustrated Guide - R22+ Effective Walls in Residential Construction in B.C. BC Housing, 

Vancouver. 

Canada Mortgage and Housing Corporation (CMHC). 1996. Survey of Building Envelope Failures in the Coastal 

Climate of British Columbia. B.C. and Yukon Regional Office, Vancouver, British Columbia. URL: 

//ftp.cmhc-schl.gc.ca/chic-ccdh/Research_Reports-

Rapports_de_recherche/Older%205/CA1%20MH690%2096S71.pdf. 

City of Vancouver. 2018. Energy efficiency requirements. Available at: https://vancouver.ca/home-property-

development/energy-efficiency-requirements-and-resources-for-homes.aspx, last accessed on 

September 28, 2018. City of Vancouver, British Columbia. 

Derome, D. and S. Saneinejad. 2010. Inward vapor diffusion due to high temperature gradients in experimentally 

tested large-scale wall assemblies. Building and Environment 45:2790-2797. 

Fox, M. 2014. Developing durable wood-frame building envelope systems for net-zero energy ready buildings. 

Ryerson University. Master’s Thesis.  

Gauvin, M. 2014. Wetting and drying of exterior-insulated walls. Presentation made at British Columbia Building 

Envelope Council General Meeting, September 27, 2014, Vancouver, BC.  

Ge, H., V. Chiu, and T. Stathopoulos. 2017. Effect of overhang on wind-driven rain wetting of facades on a 

midrise building: Field measurements. Building and Environment 118:234-250. 

Glass, S.V. and A. TenWolde. 2009. Review of moisture balance models for residential indoor humidity. 12th 

Canadian Conference on Building Science and Technology, Montreal, Quebec. 

Glass, S.V. 2013. Hygrothermal analysis for wood-frame wall assemblies in a mixed-humid climate. Research 

paper FPL-RP-675, Forest Products Laboratory, United States Department of Agriculture. Madison, 

Wisconsin. 

Glass, S.V., V. Kochkin, S.C. Drumheller, L. Barta. 2015. Moisture performance of energy-efficient and 

conventional wood-frame wall assemblies in a mixed-humid climate. Buildings 5:759-782.  

Glass, S.V., B. Yeh, and B.J. Herzog. 2016. Effects of exterior insulation on moisture performance of wood-frame 

walls in the Pacific Northwest: Measurements and Hygrothermal Modelling. 3rd Residential Building 

Design & Construction Conference, March 2-3, 2016 at Penn. State, University Park. 

Government of British Columbia. 2017. BC Energy Step Code. The Province of British Columbia. Available at 

http://www2.gov.bc.ca/gov/content/industry/construction-industry/building-codes-standards/energy-

efficiency/energy-step-code. Last accessed on June 16, 2017. 

Kumaran, M.K. 2002. A thermal and moisture transport database for common building and insulating materials. 

Final Report, ASHRAE Research Project 1018-RP. American Society of Heating, Refrigerating and Air-

Conditioning Engineers (ASHRAE), Atlanta, GA, USA. 

National Research Council (NRC). 2011. National Energy Code for Buildings (NECB). National Research Council, 

Ottawa, Canada. 

National Research Council (NRC). 2015. National Building Code of Canada. National Research Council, Ottawa, 

Canada. 

ftp://ftp.cmhc-schl.gc.ca/chic-ccdh/Research_Reports-Rapports_de_recherche/Older 5/CA1 MH690 96S71.pdf
ftp://ftp.cmhc-schl.gc.ca/chic-ccdh/Research_Reports-Rapports_de_recherche/Older 5/CA1 MH690 96S71.pdf
https://vancouver.ca/home-property-development/energy-efficiency-requirements-and-resources-for-homes.aspx
https://vancouver.ca/home-property-development/energy-efficiency-requirements-and-resources-for-homes.aspx


 

Project number: 301013124 13 of 39 

project proposal 
13 

Roppel, P., W. Brown and M. Lawton. 2007a. Modelling of uncontrolled indoor humidity for HAM simulations of 

residential buildings. ASHRAE: The proceedings of the tenth international conference on Thermal 

Performance of Exterior Envelopes of Whole Buildings X, December 2-7, 2007, Clearwater, Florida. 

Roppel, P.J., M.D. Lawton, and B. Hubbs. 2007b. Balancing the control of heat, air, moisture, and competing 

interests. Proceedings of 11th Canadian Conference on Building Science and Technology, Banff, Alberta. 

March 21-23, 2007. 

Smegal, J. J. Lstiburk, J. Straube, and A. Grin. 2012. Vancouver field exposure facility: Phase III exterior insulation 

analysis. Research report-1207 of Building Science Corporation, https://buildingscience.com, last 

accessed on September 14, 2018. 

Smegal, J. J. Lstiburk, J. Straube, and A. Grin. 2013. Moisture-related durability of walls with exterior insulation in 

the Pacific Northwest. ASHRAE: The proceedings of the twelfth international conference on Thermal 

Performance of the Exterior Envelopes of Whole Buildings XII, December 1-5, 2013, Clearwater, Florida. 

Straube, J., Onysko, M.D., and Schumacher, C. 2002. Methodology and design of field experiments for 

monitoring the hygrothermal performance of wood frame enclosures. Journal of Thermal Envelope and 

Building Science 26(2):123-151. 

Tariku, F. and H. Ge. 2015. Moisture response of sheathing board in conventional and rain-screen wall systems 

with shiplap cladding. Journal of Testing and Evaluation, Vol. 39, No. 3:1-8. 

Tariku, F., Y. Simpson, E. Iffa. 2015. Experimental investigation of the wetting and drying potentials of wood 

frame walls subjected to vapor diffusion and wind-driven rain loads. Building and Environment 

92(2015):368-379. 

Trainor, T. 2014. The hygrothermal performance of exterior insulated wall systems. University of Waterloo. 

Master’s Thesis. 

Wang, J.Y. and S. Mistretta. 2014. Field monitoring of hygrothermal performance of a wood-frame house in the 

Lower Mainland BC built to the Passive House standard. FPInnovations report for the Canadian Forest 

Service, Natural Resources Canada. Vancouver, Canada. 

Wang, J.Y. 2019. Performance of a six-storey wood-frame building in Vancouver built for high energy 

performance based on field monitoring. FPInnovations report for the Canadian Forest Service, Natural 

Resources Canada. Vancouver, Canada. 

 

 

  

https://buildingscience.com/


 

Project number: 301013124 14 of 39 

project proposal 
14 

APPENDIX I TEST WALL ASSEMBLIES 
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APPENDIX II CALCULATION OF EFFECTIVE R-VALUES 
Table 2.  Calculation of effective R-values of six types of walls based on commonly used parameters 

Wall No. 1: 2x8 with R28 fiberglass batt 

Layer/material Thickness (mm) RSI/mm RSI 

Exterior air film   0.03 

Siding, hardboard 11  0.12 

Air space, drained and vented 19  0.18 

Exterior insulation, none    

Sheathing membrane    

OSB sheathing 11  0.11 

Wood framing 184 0.0085 3.30 

Fibreglass batt insulation 184 0.027 

Polyethylene    

Drywall with paint 12.7  0.08 

Interior air film   0.12 

RSI, sum   3.94 

Effective R-value   22.35 

Wall No. 2: 2x4 double stud with 1/4 in. gap, filled with open-cell spray foam 

Layer/material Thickness (mm) RSI/mm RSI 

Exterior air film   0.03 

Hardboard siding 11  0.12 

Air space, drained and vented 19  0.18 

Exterior insulation, none    

Sheathing membrane    

OSB sheathing 11  0.11 

Wood framing 178 0.0085 3.14 

Open-cell foam insulation  0.026 

1/4 in. gap with continuous foam insulation 6.4  0.17 

Foam covered with vapour-retarding paint     

Drywall, painted 12.7  0.08 

Interior air film   0.12 

RSI, sum   3.95 

Effective R-value   22.40 
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Wall No.3: 2x6 with R20 batt + 1.5” rigid stone wool 

Layer/material Thickness (mm) RSI/mm RSI 

Exterior air film   0.03 

Siding, hardboard 11  0.12 

Air space, drained and vented 19  0.18 

Exterior insulation, stone wool 38 0.028 1.06 

Sheathing membrane    

OSB sheathing 11  0.11 

Wood framing 140 0.0085 2.36 

Fibreglass batt insulation 140 0.024 

Polyethylene    

Drywall with paint 12.7  0.08 

Interior air film   0.12 

RSI, sum   4.05 

Effective R-value   23.02 

Wall No. 4:  2x6 with R20 batt + 1” XPS 

Layer/material Thickness (mm) RSI/mm RSI 

Exterior air film   0.03 

Siding, hardboard 11  0.12 

Air space, drained and vented 19  0.18 

Exterior insulation, XPS 25 0.035 0.88 

Sheathing membrane    

OSB sheathing 11  0.11 

Wood framing 140 0.0085 2.36 

Fibreglass batt insulation  0.024 

Polyethylene    

Drywall with paint 12.7  0.08 

Interior air film   0.12 

RSI, sum   3.88 

Effective R-value   22.04 
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Wall No. 5: 2x6 with R20 batt + 1” foil faced-polyiso 

Layer/material Thickness (mm) RSI/mm RSI 

Exterior air film   0.03 

Siding, hardboard 11  0.12 

Air space, drained and vented 19  0.18 

Exterior insulation, faced polyiso 25 0.042 1.09 

Sheathing membrane    

OSB sheathing 11  0.11 

Wood framing 140 0.0085 2.36 

Fibreglass batt insulation 140 0.024 

Drywall with vapor retarding paint 12.7  0.08 

Interior air film   0.12 

RSI, sum   4.09 

Effective R-value   23.23 

No. 6: 2x6 with R20 batt + 1.5” type 2 EPS 

Layer/material Thickness (mm) RSI/mm RSI 

Exterior air film   0.03 

Siding, hardboard 11  0.12 

Air space, drained and vented 10  0.18 

Exterior insulation, EPS 38  1.06 

Sheathing membrane    

OSB sheathing 11  0.11 

Wood framing 140 0.0085 2.36 

Fibreglass batt insulation  0.024 

Polyethylene   0.00 

Drywall with paint 12.7  0.08 

Interior air film   0.12 

RSI, sum   4.05 

Effective R-value   23.02 
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APPENDIX III MATERIAL PROPERTIES 
Table 3.  Key properties of the materials used to build the test walls based on literature* 

Material 
Thickness, 
mm (in.) 

Density, 
kg/m

3
(lbs/ft³) 
 

Thermal resistance Vapour permeance  

RSI-value, 
(m

2
∙K)/W 

R-value, 
ft

2
∙°F∙hr/Btu 

ng/Pa•s•m² US Perm 

Stone wool rigid 
board 

38 (1.5) 128 (8) 0.7 4 1768 30.8 

Extruded 
polystyrene 

25 (1) 40 (2.5) 0.88 5 87 1.5 

Faced polyiso 
board 

25 (1) 40 (2.5) 1.09 6.2 lower than 
2.6 

0.045 

Expanded 
polystyrene, type 
2 

38 (1.5) 22 (1.4) 0.7 4 200 3.5 

Open-cell spray 
foam 

184 (7.2) 8.5 (0.53) 0.65 3.7 1218 21 

Interior gypsum 
board with latex 
primer and paint 

12.7 (1/2) 700 (43.8) 0.08 0.45 580 (Glass 
2013) 

10 

OSB sheathing 11 (7/16) 650 (40.6) 0.11 0.62 112 
(Kumaran et 

al. 2002) 

2 

Polyethylene sheet 
(6 mil) 

0.15 (0.006) - - - 3 0.05 

Sheathing 
membrane, loose 
plastic sheet 

0.2 (0.008) - - - 1740 (based 
on wet cup) 

30 

*The properties provided for the insulation materials were extracted from manufacturers’ information and based on 25 mm thick material.  
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APPENDIX IV LOCATIONS OF SENSORS IN TEST WALLS 
 

Wall No. 1 

  

 

Wall No. 2 
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Wall No. 3 

 
 

 

Wall No. 4 
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Wall No. 5 

  

 

Wall No. 6 
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APPENDIX V INFORMATION OF SENSORS 
Table 4.  Sensors installed in the test wall panels 

Purposes Instrument Shape and size Note 

Measuring environmental 
relative humidity (RH) and 

temperature (T) 

Combined RH and T 
sensors, called “RH/T” 

sensors 

Small probes RH resolution: 0.5%; Accuracy: ±3% to 
±5% (in the range of 10-95%) 

Temperature tolerance: 1%; Resolution: 
0.1°C; Accuracy ±1°C 

Measuring wood MC Resistance-based 
moisture pin sensors 

Small screws Each sensor is compensated for 
temperature and wood species 

Measuring air flow in 
rainscreen cavity 

Remote head air velocity 
sensor 

Small probe Velocity range: 0.15 m/s to 20 m/s, with 
repeatability within 1% 

Collecting and transferring 
data wirelessly 

Data loggers, wireless 
module 

Data logger box: 
125 mm × 

125 mm × 64 mm 

The device also integrates an RH/T 
sensor for measuring the RH and 

temperature on the drywall. 

 

Table 5.  Sum of sensors installed inside the 12 test wall panels 

RH/T sensor Moisture sensor Air flow sensor In total 

58 96 1 155 
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APPENDIX VI PICTURES TAKEN DURING CONSTRUCTION 

AND INSTRUMENTATION 
 

 

Figure 6.  Wall framing built with dimension lumber and OSB sheathing. 

 

 

Figure 7.  A double-stud wall with a 6 mm gap between the two rows of studs. 
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Figure 8.  A small notch pre-cut in the top plate of each wall for leading wires of sensors. 

 

 

Figure 9.  The perimeter of each wall opening pre-sealed with membranes, with gasket installed at the bottom. 
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Figure 10.  The water-resistive barrier was made continuous between each test wall and its perimeter. 

 

 

Figure 11.  An RH/T sensor installed in the rainscreen cavity, being exterior to the exterior stone wool insulation. 
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Figure 12.  An air velocity sensor, to be installed in the rainscreen cavity. 

 

 

Figure 13.  An air velocity sensor installed exterior to XPS to measure air flow rates in the rainscreen cavity (but its 
readings turned out not conclusive and therefore was not discussed in the report). 
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Figure 14.  Three pairs of moisture pin sensors (green) and a RH/T sensor (white) installed inside a stud cavity at middle 
height. 

 

 

Figure 15.  Four pairs of moisture pin sensors and a RH/T sensor installed on the inside surface of the OSB sheathing (with 
a wetting pad installed on its exterior surface). 
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Figure 16.  Each wall cavity installed with moisture pin sensors and RH/T sensors. 
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Figure 17.  The RH/T sensors inside the wall cavity were covered with paper for protection before open-cell spray foam 
was installed. 
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Figure 18.  The primer used on each drywall. 

 

 

Figure 19.  The regular paint used on drywall. 
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Figure 20.  The water-resistant paint used as vapour retarder paint. 

 

 

Figure 21.  An RH/T sensor installed interior to batt insulation. 
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Figure 22.  The laboratory setup for testing the wetting mechanism. 

 

 

Figure 23.  An interior view of the finished test hut (the south and the east orientations). 
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Figure 24.  An interior view of the finished test hut (the north orientation). 
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