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DURABILITY TESTING OF WOOD-BASED MATERIALS 
AND BUILDING SYSTEMS 
Rod Stirling, Ph.D., Jieying Wang, Ph.D. 

Durability is a critical property that underlies the 
safe and sustainable use of wood products in 
structures. This InfoNote describes 
FPInnovations’ approaches and facilities for 
evaluating wood-based materials for their 
durability, as well as their performance as part of 
a durable building system.  

Biodegradation and Disfiguration 
As a natural biomaterial, wood can be vulnerable to 
degradation and disfiguration by several organisms. 
Biodegradation results in the loss of mechanical properties, 
while disfigurement refers to the loss of appearance. 
Biodegradation is a natural part of the carbon cycle but is 
undesirable in the built environment where a long service 
life is desirable. 

Insects and fungi are primarily responsible for degradation 
and disfigurement of wood products used in terrestrial 
applications. Subterranean termites are the most damaging 
insects in buildings. As Canada is at the northern end of 
their range, they currently only cause issues in parts of 
southern Ontario and British Columbia. Fungi are much 
more widespread and are the major cause of wood 
degradation in Canada.  

Decay fungi breakdown lignocellulose and result in 
structural degradation of wood. Wood products can be 
protected against decay by designs that maintain moisture 
content below 26%, or by using materials that resist decay. 
These include naturally durable heartwood, preserved 
wood, and modified wood.  

Wood can be disfigured, but not degraded, by other 
organisms resulting in a loss of aesthetic service life. Mold 
fungi form hyphal structures and often have a fuzzy or 
colored appearance on the surface of many building 

products. They are taxonomically diverse with many 
capable of growing on building materials in indoor 
environments. Some species have been associated with 
negative health outcomes. Black stain fungi, such as 
Aureobasidium pullulans, do not have a fuzzy appearance 
and often grow on wood in exterior applications resulting 
in a dark colored stain due to the production of melanin. 
Fungi generally thrive on wood under warm and damp 
conditions. For mold fungi, a relative humidity of 80% is 
commonly taken as the threshold for initiation on wood-
based products under warm conditions (e.g., 20-30°C). 

Biodegradation hazards vary based on exposure to 
moisture, and whether there is contact with soil or ocean 
water. These are described by the use category system 
(Table 1). Different test methods are needed to evaluate 
material performance in each use category. 

Material Testing 
Materials can be evaluated for their ability to resist 
biodegradation or disfigurement using laboratory, 
accelerated, and field performance tests. There are trade 
offs between these approaches. Laboratory tests provide 
rapid data for screening products but may or may not 
reflect actual performance under field conditions. In 
contrast, field performance tests can give good estimations 
of material service life but may take years or decades to 
complete. 

Laboratory Testing 
Resistance to subterranean termites can be evaluated using 
the AWPA E1 test. FPInnovations does not conduct this test 
as termites are currently confined to a few regions of 
Canada in southern Ontario and British Columbia. Several 
American universities offer this testing against 
Reticulitermes flavipes, the same species of termite found 
in Ontario.  
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Resistance to decay fungi can be evaluated using the AWPA 
E10 soil block decay test. This test uses pure cultures of 
decay fungi known to aggressively degrade wood under 
laboratory conditions. Decay resistance is measured by 
comparing the mass of wood blocks before and after 
exposure to the test fungus under optimized decay 
conditions.  

Resistance to mold fungi can be evaluated using the AWPA 
E24 mold box test. This test uses a natural mold inoculum 
augmented with selected pure cultures. Test specimens are 
visually evaluated for the extent of mold growth on the 
surface after exposure to conditions conducive to mold 
growth and compared to positive and negative controls. 

Resistance to black stain fungi can be evaluated using a 
laboratory method described by Stirling et al. (2011). This 
method uses isolated pure cultures of black stain fungi 
under sterile conditions and measures resistance based on 
a visual evaluation (Figure 1).  

 
 
Figure 1. Black stain laboratory test set up. 

Controlling moisture content can be an effective strategy 
for limiting fungal growth. As such, it is often desirable to 
measure the hygrothermal (i.e., moisture and heat-related) 
properties of wood products. This can help to improve 
hygrothermal modelling and building envelope design to 
ensure long-term durability of building envelope 
assemblies. For example, vapour permeance can be tested, 
following the ASTM Standard E96 (both dry-cup and wet-
cup methods; Figure 2). The water absorption is typically 
measured following ASTM C1794 for partial immersion. 
Wood’s sorption behaviour can be measured following the 
ASTM Standard C1498 method. 

 
 
Figure 2. A dry cup test underway to measure vapour permeance in 
a conditioning chamber. 

Accelerated Field Testing 
Larger-scale decay testing can take many years depending 
on the product and application. As a result, accelerated 
tests have been developed to generate performance data 
more quickly. These tests provide better estimates of 
performance than laboratory tests, but do not provide an 
accurate estimate of service life. 

The decay bin test (AWPA E33) simulates an interior damp 
exposure with added decay fungus inoculum.  

FPInnovations’ accelerated field simulator, simulates an 
exterior above-ground application with cyclical water spray 
and added decay fungus inoculum (Morris et al. 2009; 
Figure 3).  

 

 
Figure 3. Accelerated above-ground field simulator 
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The soil bed test (AWPA E14) simulates a ground contact 
field exposure with controlled temperature and moisture 
to optimize fungal activity.  

Field Efficacy Testing 
Field testing of commodity sized materials is the best way 
to determine material performance and obtain a true 
indication of potential service life. However, they can take 
years or decades to complete. AWPA E21 places test 
samples above ground on a cinder block and covered by a 
box for evaluation of performance against subterranean 
termites (Figure 4). AWPA E25 is used to evaluate decking 
products (Figure 5). AWPA E7 and E8 are used to evaluate 
the ground contact performance of stakes and posts, 
respectively. In addition to these tests, FPInnovations has 
developed or adapted other field-testing methods for 
specific products, such as shingles, siding and engineered 
wood products. FPInnovations operates four field test sites 
in or near Maple Ridge, BC, Kincardine and Petawawa, 
Ontario, and Quebec City, Quebec. 

 
 
Figure 4. Field testing of lumber against termites in FPInnovations’ 
Kincardine, Ontario test site 

 
 
Figure 5. Field testing of decks at FPInnovations’ site within the 
Petawawa Research Forest 

Evaluating Durability of Building 
Systems 
The durability of most structures does not rely solely on 
material durability, but rather on a combination of material 
durability, durability by design, and maintenance. As a 
result, evaluations of material durability do not provide 
accurate information on the performance of a system. 
FPInnovations evaluates the durability of building systems 
through experiments primarily using two test facilities, and 
in-service monitoring studies.  

Airtightness and Watertightness – RAIN 
Chamber 
Rain and Air INfiltration (RAIN) chamber, a recent addition 
to FPInnovations’ testing facility in the Vancouver 
laboratory, is built to test airtightness and watertightness 
of building envelope (Figure 6).  It is built to be extremely 
airtight, using air-impermeable tapes and membranes on a 
mixed light-wood-frame and mass timber structure. The 
chamber has an opening of 2.5m x 2.5m to accommodate a 
test panel, with a size up to 2.44m x 2.44m (8 ft x 8ft). It is 
particularly suitable for assessing the airtightness and 
watertightness of joints between prefabricated panels and 
other interfaces used in building envelopes.  

The facility is developed to follow laboratory testing 
standards, such as ASTM E283 for air leakage and ASTM 
E331 (by uniform static air pressure difference) and E547 
(by cyclic static air pressure difference) for water leakage 
performance. It can also be used to simulate field 
conditions by largely following standards, such as ASTM 
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E783 for air leakage and ASTM E1105 for water leakage. 
The chamber is equipped with a high-performance blower, 
which pressurizes or depressurizes (vacuums) the chamber 
to generate an air pressure difference up to 1000 Pa 
between the exterior and the interior. For testing 
airtightness, differential pressures, positive or negative, 
ranging from 0 to 100 Pa are typically used. When the 
chamber is used for testing watertightness, a water spray 
rack with a grid of evenly spaced nozzles is installed in front 
of the test panel to deliver water for simulating wind-
driven rain that deposits on the external surface of the test 
panel, while the chamber is vacuumed under the required 
pressure differences. 

 
 
Figure 6. Exterior of the RAIN chamber. 

Durability– Test Hut 
FPInnovations has a test hut in the rear yard of its 
Vancouver laboratory. It is a versatile facility for assessing 
the hygrothermal performance, an important indicator of 
durability of exterior wall assemblies (Figure 7). Compared 
to field monitoring for certain envelope assemblies, the 
test enables comparison between different wall assemblies 
through exposing them to the same exterior and interior 
environment (Wang 2021). With a footprint of 3.6m x 7.5m 
(12ft. x 25ft.), the test hut is built to accommodate a total 
of 12 test wall panels, each in size of 1.2m x 2.4m (4ft. x 

8ft.). Two replicates of five test walls can be installed to 
face north and south, respectively, for assessing the impact 
of orientations. Two more test walls can be installed in the 
east orientation. A building envelope assembly may show 
quite different durability performance in different 
orientations, resulting from varying environmental 
conditions, such as solar irradiance and wind-driven rain. 
For example, a north-facing wall is generally more 
susceptible to durability-related issues (e.g., mold growth) 
due to its lower drying capacity resulting from the lower 
levels of solar radiation it receives. 

 
 
Figure 7. Exterior of the test hut being finished. 

A building envelope is expected to provide various 
environmental separation functions including vapour 
management, rainwater prevention, and thermal 
separation. The test hut is best suited for assessing the 
impact of vapour diffusion from both the exterior and the 
interior, with the indoor humidity controlled to represent a 
normal or higher level of interior moisture loads. Water 
injection can be provided at given locations (e.g., exterior 
sheathing) to simulate construction wetting and/or rain 
penetration for assessing the wall’s drying capacity. The 
performance of the test walls is evaluated based on 
measurements of parameters, such as relative humidity, 
temperature, heat flow, and wood’s moisture content 
through installing sensors at critical locations. Ideally, data 
should be collected over a minimum of one year to 
investigate the test walls’ behaviour in different seasons. 
The data can also be used to validate hygrothermal 
modelling, such as WUFI, to assess risks of conditions 
conducive to fungal growth and to improve design tools for 
various envelope assemblies and different climates.  
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Building Performance Testing and Monitoring 
FPInnovations has developed extensive expertise in 
conducting field testing and monitoring to measure the ‘as-
built’ performance of wood-based buildings using non-
destructive testing and monitoring. Parameters measured 
range from construction wetting, hygrothermal 
performance of building envelopes, indoor air quality and 
occupant comfort, energy efficiency, to building/floor 
vibration and acoustics. Related to durability performance, 
the moisture content of wood of important members at 
critical locations (e.g., exterior sheathing, mass timber in 
contact with ground) can be measured using portable 
devices during periodic inspection in the construction 
phase or monitored using pre-installed sensors over the 
operation of a building. Aside from moisture content, the 
environmental conditions, such as relative humidity and 
temperature of wood members also provide important 
implications for their durability performance, for example, 
the potential of mold growth. The field measurements 
allow comparison with design expectations to improve the 
designs of future buildings and validation of modelling (e.g., 
hygrothermal simulations) to improve design tools. Such 

work also fills critical knowledge gaps to support regulatory 
and market acceptance for taller, larger, and more energy 
efficient wood buildings (Figure 8; Wang 2018). 

growth. The field measurements allow comparison with 
design expectations to improve the designs of future 
buildings and validation of modelling (e.g., hygrothermal 
simulations) to improve design tools. Such work also fills 
critical knowledge gaps to support regulatory and market 
acceptance for taller, larger, and more energy efficient 
wood buildings (Figure 8; Wang 2018). 

 
Figure 8. A passive building in Vancouver monitored by 
FPInnovations (Image courtesy of Cornerstone Architecture). 

 

Tableau 1. Material testing methods for each use category and organism 

Use Category1 Description Organism Lab-scale Test Accelerated Test Field Test 

1 Interior, dry Termites AWPA E12  AWPA E213 

2 Interior, damp Mold AWPA E24   

Decay AWPA E10 AWPA E33  

3 

Exterior, above ground 

Black stain FPI method  
(Stirling et al. 2011) 

 AWPA E28 

Decay  FPI Method  
(Morris et al. 2009) 

AWPA E9; E25 

4 Exterior, ground contact Decay  AWPA E14 AWPA E7; E8 
1 More detailed descriptions of the use category system can be found in CSA O80 and AWPA U1 standards 
2 AWPA E1 testing offered by external providers 
3 Can also be used to evaluate performance under UC2 conditions 
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Conclusion 
FPInnovations offers a comprehensive set of efficacy tests 
to evaluate the performance of wood product material 
durability, and the performance of these products within 
building systems. Information from these tests is used to 
improve product and system performance and to support 
market acceptance, regulatory approval, and 
standardization. FPInnovations experience in conducting 
and developing these methods allows us to design testing 
plans tailored to specific customer needs. 
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